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FOREWORD

The 2017 edition of the REN21 Renewables Global Status Report (GSR) reveals a global energy transition well under way, with
record new additions of installed renewable energy capacity, rapidly falling costs, particularly for solar PV and wind power, and
the decoupling of economic growth and energy-related carbon dioxide emissions for the third year running. Innovative and more
sustainable ways of meeting our energy needs are accelerating the paradigm shift away from a world run on fossil fuels.

Despite these positive trends, the pace of the transition is not on track to achieve the goals established in the Paris Agreement
to keep global temperature rise well below 2 degrees Celsius. So how can we speed up the energy transition with renewables?

Itis clear that policy is essential. Policy support for renewables in 2016, as in past years, focused mostly on power generation, whereas
policies for the heating and cooling and transport sectors have remained virtually stagnant. This has to change. A systems approach
is also needed across all sectors. There is a need to broaden the definition of a renewables-based energy system to one that moves
beyond the traditional, narrow construct of renewable energy sources to one that looks at the role of supporting infrastructure,
supply and demand balancing measures, efficiency measures and sector coupling, as well as a wide range of enabling technologies.
The systems approach should become the norm in energy and infrastructure planning, financing and policy development.

We also need to intensify efforts to provide modern energy services to the billions of people who lack access. It is crucial that
renewable energy and enabling technologies aimed at maximum system flexibility are prioritised, and that the most energy-efficient
technologies are used. And rather than investing in fossil fuel or nuclear "baseload” power, efforts should focus on developing
dispatchable renewable energy and mobilising flexibility options to manage higher shares of variable renewables.

In an attempt to put the findings of the GSR 2017 in the broader perspective of the global energy transition, the REN21 Secretariat
has produced Advancing the Global Renewable Energy Transition: Highlights of the REN21 Renewables 2017 Global Status Report in
Perspective. This is a complement to the meticulously documented data found in the GSR.

Similar to the field of renewables, the Renewables Global Status Report is the sum of many parts. At its heart is a multi-stakeholder
network that collectively shares its insight and knowledge. More than 800 experts engage in the GSR process, giving their time,
contributing data and providing comment. A big thanks to all of them, as without their invaluable contribution it would not be possible
to produce the most comprehensive and accurate overview of the global status of renewable energy available today.

On behalf of the REN21 Secretariat, | would like to thank all those who have contributed to the successful production of this year's
report. These include Janet L. Sawin together with lead authoring team members Kristen M. Seyboth and Freyr Sverrisson, the
section authors, GSR Project Manager Hannah E. Murdock, Research Coordinator Rana Adib and the dedicated team at the REN21
Secretariat, under the leadership of its Executive Secretary Christine Lins.

Arthouros Zervos

Chair of REN21

Renewable Energy
Policy Network
for the 21st Century
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RENEWABLE ENERGY POLICY NETWORK
FOR THE 21 CENTURY

REN21 is the global renewable energy policy multi-stakeholder network that connects a wide range of key
actors. REN21's goal is to facilitate knowledge exchange, policy development and joint action towards a rapid

global transition to renewable energy.

REN21 brings together governments, non-governmental organisations, research and academic institutions,
international organisations and industry to learn from one another and build on successes that advance
renewable energy. To assist policy decision-making, REN21 provides high-quality information, catalyses

discussion and debate, and supports the development of thematic networks.

REN21 facilitates the collection of comprehensive and timely information on renewable energy. This information
reflects diverse viewpoints from both private and public sector actors, serving to dispel myths about renewable

energy and to catalyse policy change. It does this through six product lines:

Global Status Report:
yearly publication since 2005

Indian
Renewable Energy
Chinese Status Report
First GSR Renewable Energy R bl
published Status Report I enewanies
nteractive Map
2004 2005 2006 2007 2008 2009 2010
O O O ) ) O O
' ' \J \J ' '
REN21  Renewables BIREC, WIREC, DIREC,
events: 2004, Bonn Beijing Washington Delhi
International International International
Renewable Energy Renewable Energy Renewable Energy
Conference Conference Conference




REN21 PRODUCTS

RENEWABLES GLOBAL STATUS REPORT (GSR)

REN21
BN

GLOBAL FUTURES REPORTS (GFR)

First released in 2005, REN21's Renewables Global Status Report
(GSR) has grown to become a truly collaborative effort, drawing
on an international network of over 800 authors, contributors and
reviewers. Today it is the most frequently referenced report on
renewable energy market, industry and policy trends.

REGIONAL REPORTS

These reports detail the renewable energy developments of a
particular region; their production also supports regional data
collection processes and informed decision making.

RENEWABLES INTERACTIVE MAP

REN21 produces reports that illustrate the credible possibilities
for the future of renewables within particular thematic areas.

RENEWABLES ACADEMY

The REN21 Renewables Academy provides an opportunity
for lively exchange among the growing community of REN21
contributors. It offers a venue to brainstorm on future-orientated
policy solutions and allows participants to actively contribute on
issues central to a renewable energy transition.

INTERNATIONAL RENEWABLE ENERGY CONFERENCES
(IREC)

The Renewables Interactive Map is a research tool for tracking
the development of renewable energy worldwide. It complements
the perspectives and findings of REN21's Global and Regional
Status Reports by providing infographics from the reports as
well as offering detailed, exportable data packs.

Regional Reports

www.ren2l.net/map

Global Futures
Reports

The International Renewable Energy Conference (IREC) is a
high-level political conference series. Dedicated exclusively to
the renewable energy sector, the biennial IREC is hosted by a
national government and convened by REN21.

REN21

Renewables Academy

RENZ21 Renewables

Academy Energy Conferences

International Renewable

Renewable Energy
Policy Network
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SADC and UNECE

Renewables 100%
Global Futures Report

UNECE

Renewable Energy EAC
Global Fut R t ot Renewable Ener
obal Futures hepor ECOWAS and Energy Efficiency ~ Renewable Status Report 9
Global Status Report MENA Renewable Energy Status Reports Energy and Rer
on Local Renewable Renewable Energy and Energy Efficiency R bles Interacti Energy Efficiency T‘ e
Energy Policies Status Report Status Report ENewables INteractive  gat s Report encers and Lor
Map revamp [em]Power[ment]
201 2012 2013 2014 2015 2016 2017
O O O O O O O
' ' ' ' ' ' '
ADIREC, First REN21 SAIREC, First GSR MEXIREC,
Abu Dhabi Renewables South Africa Microsite Mexico
International Academy, International International
Renewable Energy Bonn Renewable Energy Renewable Energy
Conference Conference Conference,

11-13 September 2017




RENEWABLES GLOBAL
FUTURES REPORT

100% Renewables:
A logical consequence of the Paris Agreement?

Global Energy Demand Development:
Efficiency on a global level?

Renewable Power Generation: The winner takes all?
The Future of Heating: Thermal or electrical application?
Renewables for Transport: Electrification versus biofuels

Interconnection of Sectors: System thinking required

Storage: Supporter or competitor of the power grid?

Technology versus Costs: Which should come first?

Scaling Up Investments and Work Force: 100%
renewables for socio-economic change

Utilities of the Future: What will they look like?
Mega Cities: Mega possibilities

Energy Access Enabled Through Renewables:
How to speed up connections?
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REN21 is a multi-stakeholder network that spans the private
and public sectors. Collectively this network of renewable
energy, energy access and energy efficiency experts shares its
insight and knowledge, helping the REN21 Secretariat produce
its annual Renewables Global Status Report as well as regional
reports. Today the network has over 800 active contributors and
reviewers.

These experts engage in the GSR process, giving their time,
contributing data and providing comment in the peer review
process. The result of this collaboration is an annual publication
that has established itself as the world's most frequently
referenced report on the global renewable energy market,
industry and policy landscape.

Tracking 155 countries

Covering 96% of global GDP

Representing 96% of global population
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FLEXIBILITY is at the core of the design and operation of all power systems,
as supply and demand must be maintained in continuous balance. Power
systems require increased flexibility when integrating high shares of variable
renewable energy from wind power and solar PV. Improved electricity
infrastructure, grid operation and market design all can provide such
additional flexibility.

Hrauneyjafoss Hydropower Station - Installed capacity: 210 MW - Iceland
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EXECUTIVE SUMMARY

1. GLOBAL OVERVIEW

Renewable energy technologies increase their hold across
developing and emerging economies throughout the year

The year 2016 saw several developments and ongoing trends
that all have a bearing on renewable energy, including the
continuation of comparatively low global fossil fuel prices;
dramatic price declines of several renewable energy technologies;
and a continued increase in attention to energy storage.

For the third consecutive year, global energy-related carbon
dioxide emissions from fossil fuels and industry were nearly flat
in 2016, due largely to declining coal use worldwide but also due
to improvements in energy efficiency and to increasing use of
renewable energy.

As of 2015, renewable energy provided an estimated 19.3% of
global final energy consumption, and growth in capacity and
production continued in 2016. The power sector experienced
the greatest increases in renewable energy capacity in 2016,
whereas the growth of renewables in the heating and cooling
and transport sectors was comparatively slow.

Most new renewable energy capacity is installed in developing
countries, and largely in China, the single largest developer of
renewable power and heat over the past eight years. In 2016,
renewable energy spread to a growing number of developing and
emerging economies, some of which have become important
markets.

For the more than 1 billion people without access to electricity,
distributed renewable energy projects, especially those in rural
areas far from the centralised grid, offer important and often cost-
effective options to provide such access.

The renewable energy sector employed 9.8 million people in
2016, an increase of 11% over 2015. By technology, solar PV
and biofuels provided the largest numbers of jobs. Employment
shifted further towards Asia, which accounted for 62% of all
renewable energy jobs (not including large-scale hydropower),
led by China.

The development of community renewable energy projects
continued in 2016, but the pace of growth in some countries is in
decline. In a new trend, such projects have begun to expand into
energy retailing (supply), storage and demand-side management.

Government policy at all levels remained important for renewable
energy developments, The 2015 Paris Agreement of the United
Nations Framework Convention on Climate Change (UNFCCC)
formally entered into force at the 22nd Conference of the Parties
(COP22) in November 2016. However, renewable energy markets
were affected only indirectly during the year. A number of
governments implemented new renewable energy targets, and
several cities established new commitments to 100% renewable
energy. Despite the importance of the heat and transport sectors
to energy demand and global emissions, policy makers focused
predominantly on the power sector.

RENEWABLES 2017 - GLOBAL STATUS REPORT
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POWER

Record numbers reached for newly installed renewable
power generating capacity

Renewable power generating capacity saw its largest annual
increase ever in 2016, with an estimated 161 gigawatts (GW) of
capacity added. Total global capacity was up nearly 9% compared
to 2015, to almost 2,017 GW at year's end. The world continued
to add more renewable power capacity annually than it added
(net) capacity from all fossil fuels combined. In 2016, renewables
accounted for an estimated nearly 62% of net additions to global
power generating capacity.

Solar PV saw record additions and, for the first time, accounted
for more additional capacity, net of decommissioning, than did
any other power generating technology. Solar PV represented
about 47% of newly installed renewable power capacity in 2016,
and wind and hydropower accounted for most of the remainder,
contributing 34% and 15.5%, respectively.

The ongoing growth and geographical expansion of renewable
power capacity was driven by the continued decline in prices
for renewable energy technologies; by rising power demand
in some countries; and by targeted renewable energy support
mechanisms.  Some  well-established renewable energy
technologies, such as hydropower and geothermal energy, have
long since become cost-competitive with fossil fuels where
resources are plentiful. Solar PV and wind power are now joining
in, challenging fossil fuels in a growing number of locations.

Plants owned by utilities or large investors dominated renewable
electricity production in 2016, and the scale of renewable energy
plants continued to grow. Major corporations and institutions
around the world continued to make large commitments to
purchase renewable electricity.

HEATING AND COOLING

Modest improvements achieved, but renewable heating
and cooling still constrained by low fossil fuel prices and
lack of policy support

Modern renewable energy supplies approximately 9% of total
global heat demand. In 2016, the vast majority of renewable heat
continued to be supplied by biomass, with smaller contributions
from solar thermal and geothermal energy. While additional
capacities of modern bio-heat and solar thermal were installed in
2016, growth in both markets has slowed.

District heating systems are incorporating solar thermal energy
for larger installations. Interest is expanding in the use of district
heating as a way to provide flexibility to power systems, by storing
energy from the electric power grid as heat, which reflects a more
general increased interest in the electrification of the heating
sector.

Continued improvements of materials, systems and industrial
processes in the heating and cooling sector facilitated increases
in renewable energy use. In general, however, deployment
of renewable technologies in this market continued to be
constrained by a number of factors including comparatively low
fossil fuel prices and a relative lack of policy support.

TRANSPORT

Liquid biofuels remain the primary renewable energy
in the transport sector, but electrification continues to
expand

Liquid biofuels continued to represent the vast majority of the
renewable energy contribution to the transport sector. In 2016,
they provided around 4% of world road transport fuels, which
account for the majority of transport energy use.

Biogas use in transport grew substantially in the United
States and continued to gain shares of the transport fuel mix
in Europe. Although other regions have established natural
gas infrastructure into which biogas could be incorporated,
deployment has remained limited.

Electrification of the transport sector expanded during the year.
Direct links between renewable energy and electric vehicles (EVs)
were few, but the share of renewables in electrified transport is
rising as the share of renewables in grid power increases. Further
electrification of the transport sector has the potential to create a
new market for renewable energy and to facilitate the integration
of variable renewable energy.

Policy support for renewable energy in the transport sector
lags behind such support in the power sector. While there was
increased attention to the decarbonisation of transport at the
international level in 2016, direct links with renewable energy
were limited in this arena as well.
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2015 2016

New investment (annual) in renewable power and fuels' billion USD 312.2 241.6
Renewable power capacity (total, not including hydro) GW 785 921

Renewable power capacity (total, including hydro) GW 1,856 2,017

Hydropower capacity 2 GW 1,071 1,096
[ Bio-power capacity GW 106 12
[ Bio-power generation (annual) TWh 464 504
Geothermal power capacity GW 13 13.5
Solar PV capacity GW 228 303
Concentrating solar thermal power capacity GW 47 4.8

BN Wind power capacity GW 433 487
Solar hot water capacity ® GWin 435 456

[ Ethanol production (annual) billion litres 98.3 98.6

[ Biodiesel production (annual) billion litres 301 30.8
Countries with policy targets # 173 176
States/provinces/countries with feed-in policies # 110 110
States/provinces/countries with RPS/quota policies # 100 100
Countries with tendering/public competitive bidding * # 16 34
Countries with heat obligation/mandate # 21 21
States/provinces/countries with biofuel mandates® # 66 68

"Investment data are from Bloomberg New Energy Finance and include all biomass, geothermal and wind power projects of more than 1 MW; all hydro
projects of between 1and 50 MW; all solar power projects, with those less than 1 MW estimated separately; all ocean energy projects; and all biofuel projects

with an annual production capacity of 1 million litres or more.

2The GSR 2016 reported a global total of 1,064 GW of hydropower capacity at end-2015. The value of 1,071 GW shown here reflects the difference between
end-2016 capacity (1,096 GW) and new installations in 2016 (25 GW). Differences are explained in part by uncertainty regarding capacity retirements and
plant repowering each year. Note also that the GSR strives to exclude pure pumped storage capacity from hydropower capacity data.

3Solar hot water capacity data include water collectors only. The number for 2016 is a preliminary estimate.
“Data for tendering/public competitive bidding reflect all countries that have held tenders at any time up through the year of focus.

5Biofuel policies include policies listed both under the biofuels obligation/mandate column in Table 3 (Renewable Energy Support Policies) and in Reference

Table R25 (National and State/Provincial Biofuel Blend Mandates).

Note: All values are rounded to whole numbers except for numbers <15, biofuels and investment, which are rounded to one decimal point.
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2. MARKET AND INDUSTRY TRENDS

BIOMASS ENERGY
Despite challenges, bioenergy production increases

Despite a number of challenges, in particular from low oil prices
and policy uncertainty in some markets, bioenergy production
continued to increase in 2016. Bioenergy development and
deployment activities continued spreading into new regions
and countries, noticeably in India, and some promising initial
developments also were seen in Africa.

Bio-heat production grew slowly in 2016, although the use of
bioenergy in industry has stabilised in recent years. Bio-power
production has increased more quickly - by some 6% in 2016 -
with rapid growth in the European Union (EU) and in Asia, where
generation rose particularly sharply in the Republic of Korea.

Global ethanol production was stable, with record levels in the
United States and sharp increases in China and India. The year
also saw new initiatives in Africa, notably in Nigeria and South
Africa. Global production of biodiesel recovered after a fall in
2015, with particularly strong growth in Indonesia and Argentina.
Production of hydrotreated vegetable oil (HVO) increased 20% in
2016. Biomethane use in transport also grew sharply, due largely
to growth in the United States, stimulated by the Renewable Fuel
Standard.

The year saw continuing progress in the commercialisation
and development of advanced biofuels, with expansion in the
capacity and production of fuels by both thermal and biological
routes and the announcement of new plants in China and India,
widening the geographical range of such facilities.

GEOTHERMAL POWER AND HEAT

Geothermal industry sees measured progress in
some key markets

The geothermal industry continued to face challenges in 2016,
burdened by the inherent high risk of geothermal exploration
and project development, the associated lack of risk mitigation,
and the constraints of financing and competitive disadvantage
relative to low-cost natural gas. Yet the industry made progress
with new project developments in key markets, and industry
leaders cemented partnerships to pursue new opportunities.

Indonesia and Turkey each added about 200 megawatts (MW) of
capacity, representing the bulk of additions in 2016 for a total
of 13.5 GW. Globally, geothermal power produced an estimated

78 terawatt-hours (TWh) during the year. Geothermal direct use
amounted to an estimated 286 petajoules (PJ) in 2015 (79 TWh).
Expansion of geothermal direct use continued in 2016, including
in several district heating systems in Europe.

HYDROPOWER
=

Global generation of hydropower rises, with China
retaining the global lead; climate risk remains a pressing
concern for the industry

At least 25 GW of new hydropower capacity (excluding pumped
storage) was commissioned in 2016, increasing global capacity to
approximately 1,096 GW. Drought conditions improved notably in
the Americas and Asia; it is estimated that global generation rose
by more than 3% relative to 2015, to about 4,100 TWh. China's
domestic market continued to contract, but the country retained
the global lead with 8.9 GW added. Significant capacity also was
added in Brazil, Ecuador, Ethiopia, Vietnam, Peru, Turkey, Lao
PDR, Malaysia and India.

Modernisation and retrofitting of existing facilities continues
to be a significant part of industry operations, including the
implementation of advanced control technologies and data
analytics for digitally enhanced power generation. Climate risk in
the context of project financing and operations remains a pressing
concern for the industry, and efforts were made to improve
understanding of the climate impacts of hydropower projects as
well as of their climate mitigation benefits and resilience.

Ocean Ener
A gy

Ocean energy companies continue to advance and
deploy their technologies

For the ocean energy industry, the year was similar to 2015, with
a growing number of companies around the world advancing
their technologies and deploying new and improved devices.
However, commercial success for ocean energy technologies
remained in check due to perennial challenges. These include
financing obstacles in an industry characterised by relatively
high risk and high upfront costs and by the need for improved
planning, consenting and licensing procedures. Global ocean
energy capacity, mostly tidal power generation, was about 536
MW by the end of 2016.

SOLAR PHOTOVOLTAICS (PV)

Solar PV leads the way in power generating capacity
and is considered a cost-competitive source of new
generation in many emerging markets across the world

Solar PV was the world's leading source of additional (net of
decommissioning) power generating capacity in 2016. The annual
market increased nearly 50% to at least 75 GWdc - equivalent
to more than 31,000 solar panels installed every hour - raising
the global total to at least 303 GWdc. The top five countries,
led by China, accounted for 85% of additions. Yet emerging
markets on all continents are contributing significantly to global
growth, and many see solar PV as a cost-competitive source for
increasing electricity production and for providing energy access.
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Nevertheless, markets in most locations continue to be driven
largely by government policies.

Despite tremendous demand growth, the year brought
unprecedented price reductions, particularly for modules.
Downwards pressure on prices has challenged manufacturers.
But declining capital expenditures and improving capacity
factors are helping to make solar PV increasingly competitive
with traditional power sources, and new record low bids were set
in tenders in 2016. Falling prices and rising demand lured new
players into the industry, including electric utilities and oil and
gas companies.

At least 17 countries had enough solar PV capacity by year's
end to meet 2% or more of their electricity demand, and several
countries met far higher shares during 2016, including Honduras
(9.8%), Italy (7.3%), Greece (7.2%) and Germany (6.4%).

CONCENTRATING SOLAR THERMAL POWER
(csP)

Integration of thermal energy storage into CSP plants is
enabling the provision of dispatchable power

In 2016, 110 MW of concentrating solar thermal power (CSP)
capacity came online, bringing global capacity to more than 4.8 GW
by year's end. This was the lowest annual growth rate in total
global capacity in 10 years, at just over 2%. Even so, CSP remains
on a strong growth trajectory, with as much as 900 MW expected
to enter operation during the course of 2017.

For the second year in a row, all new facilities that came online
incorporated thermal energy storage (TES), which is now seen
as central to the value that CSP technology can add by providing
dispatchable power to grids with high penetrations of variable
renewables. Parabolic trough and tower technologies continued
to dominate the market.

CSP furthered its push into developing countries that have high
direct normal irradiance (DNI) levels and specific strategic and/or
economic alignment with the benefits of CSP technology. In this
respect, CSP is receiving increased policy support in countries
with limited oil and gas reserves, constrained power networks,
a need for energy storage, or strong industrialisation and job
creation agendas. Research and development - under way in
Australia, Europe, the United States and elsewhere - continued
to focus on improvements in TES.

SOLAR THERMAL HEATING AND COOLING

Capacity grows worldwide and across different
sectors, despite market challenges

Approximately 36.7 gigawatts-thermal (GW) of new solar thermal
capacity was commissioned in 2016, increasing total global
capacity by 5% to approximately 456 GWi. China accounted for
about 75% of global additions, followed by Turkey, Brazil, India
and the United States. Moreover, globalisation of solar thermal
heating and cooling technologies continued with sales picking
up in several new emerging markets, including Argentina, the
Middle East and parts of Eastern and Central Africa.

The year 2016 was challenging in the larger, established markets
due to a number of factors, including low oil and gas prices;
declining demand from homeowners, long the core market
segment for the solar thermal industry; and reduced interest
in solar thermal technology among installers. Many suppliers
of these systems responded by successfully diversifying their
portfolios for commercial clients.

Significant growth was registered in several non-residential
segments. In Denmark, the installed area of new solar district
heating almost doubled relative to 2015, increasing interest
in other European countries, especially Germany, which saw
intensive project development during 2016. Air collector systems
for drying agricultural products had a strong year in Germany
and Austria. The use of solar thermal technologies in industry
expanded quickly in Mexico and India in particular. Solar cooling
systems are used increasingly in sun-rich countries to supply
cooling in commercial and public buildings in conjunction with
year-round solar hot water.

E WIND POWER

Onshore wind power proves competitive; offshore
wind power in Europe sees record-low bid prices

Almost 55 GW of wind power capacity was added in 2016,
bringing the global total to nearly 487 GW. China again led for new
installations, despite a significant decline in the country’s annual
market. Asia represented about half of added capacity, with
Europe and North America accounting for most of the rest, but
new markets continued to open around the world. By year's end,
more than 90 countries had seen commercial activity. At least 24
countries met 5% or more of their annual electricity demand with
wind power in 2016, and at least 13 met more than 10%.

The year 2016 was good for top turbine manufacturers, and
technology innovation continued in the face of competition from
low-cost natural gas and, increasingly, from solar PV. Challenges
to the industry included curtailment, particularly in China, and
policy uncertainty.

Onshore wind power is the most cost-effective option for new
grid-based power in an increasing number of markets, Offshore,
about 2.2 GW of capacity was connected to grids, including the
first commercial projects in the Republic of Korea and the United
States, and substantial new capacity in Germany, the Netherlands
and China. In Europe, offshore wind power saw record low bids
for tenders in Denmark and the Netherlands, bringing the region's
industry closer to its goal to produce offshore wind power more
cheaply than coal by 2025.
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3. DISTRIBUTED RENEWABLE ENERGY
FOR ENERGY ACCESS

DRE deployment expands in the developing world,
although financing remains limited

Approximately 1.2 billion people (about 16% of the global
population) live without electricity, and about 2.7 billion people
(38% of the global population) are without clean cooking facilities.
The vast majority of people without access to both electricity
and clean cooking are in sub-Saharan Africa and in the Oceania
region, and most of them live in rural regions.

New business models and technologies are accelerating access
to distributed renewable energy (DRE) systems in the developing
world. The old paradigm of energy access through grid extension
alone is becoming obsolete as bottom-up customer demand is
motivating hundreds of millions of households to generate their
own modern energy to provide services through off-grid units or
community-scale mini-grids. Mobile technology, Pay-As-You-Go
(PAYG) business models, the availability of microloans, the
viability of micro-grids and falling technology prices continue to
support DRE deployment worldwide. The most popular business
models within the DRE sector in 2016 were distributed energy
service companies (DESCOs) for mini/micro/pico-grids, the
PAYG model for stand-alone systems, and microfinance and
microcredit.

Perhaps the biggest barrier to universal access to DRE systems
is lack of investment. Funding from multilateral organisations and
bilateral donors continued to be the main source of financing for
energy access investments, although DRE investment accounts
for only a fraction of their energy access investment portfolios.

In 2016, many countries implemented policy measures aiming
to support DRE deployment, including dedicated electrification
targets, fiscal incentives, regulations, auctions and exemptions
on value-added tax (VAT) and import duties. Quality Assurance
(QA) frameworks also were adopted, particularly for off-grid solar
products, to reduce the sale of low-quality products on the market.

4, INVESTMENT FLOWS

Investment declines, but installation of renewable power
capacity worldwide hits a record high

Global new investmentin renewable power andfuels (notincluding
hydropower projects larger than 50 MW) was USD 241.6 billion in
2016', Although this represents a decrease of 23% compared to
2015, the decline accompanied a record installation of renewable
power capacity worldwide. Investment in renewable power and
fuels has exceeded USD 200 billion per year for the past seven
years. Including investments in hydropower projects larger than
50 MW, total new investment in renewable power and fuels was
at least USD 264.8 billion in 2016.

For the fifth consecutive year, investment in new renewable power
capacity (including all hydropower) was roughly double that
in fossil fuel generating capacity. Investment in renewables
continued to focus on solar power, followed closely by wind
power, although investment in both sectors was down relative to
2015. Asset finance of utility-scalei projects, such as wind farms
and solar parks, dominated investment during the year, at USD
1871 billion. Small-scale solar PV installations (less than 1 MW)
accounted for USD 39.8 billion worldwide, representing a decline
of 28%.

Developing and emerging economies overtook developed
countries in renewable energy investment for the first time in
2015, but developed countries retook the lead in 2016. Investment
in developing and emerging countries dropped by 30% to
USD 116.6 billion, while that in developed countries fell 14% to
USD 125 billion.

Trends in renewable energy investment varied by region in 2016,
with investment up in Europe and Australia; down in China, the
United States, the Middle East, Africa, Asia-Oceania (except
Australia) and Latin America; and stable in India. China accounted
for 32% of all financings of renewable energy, followed by Europe
(25%), the United States (19%) and Asia-Oceania (excluding
China and India; 11%), and the Americas (excluding Brazil and the
United States), Brazil, and the Middle East and Africa accounted
for 3% each.

There were two main reasons for the decline in investment
in renewable energy during 2016. One was the slowdown in
investments in Japan, China and some other emerging countries.
The other was the significant cost reductions in solar PV and
in onshore and offshore wind power, which also improved the
cost-competitiveness of those technologies. The result was that
in 2016 investors were able to acquire more renewable energy
capacity for less money.

i Investment-related data do not include hydropower projects larger than
50 MW, except where specified.

ii "Utility-scale” refers to wind farms, solar parks and other renewable
power installations of 1 MW or more in size, and to biofuel production
facilities with capacity exceeding 1 million litres.
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Annual Investment / Net Capacity Additions/Production in 2016

1 2 3 4 5
Investment in renewable power and fuels . : . .
(not including hydro > 50 MW) China United States ' United Kingdom Japan Germany
Investment in renewable power -
and fuels per unit GDP" Bolivia Senegal Jordan Honduras Iceland
Geothermal power capacity Indonesia Turkey Kenya Mexico Japan
Hydropower capacity China Brazil Ecuador Ethopia Vietnam
Solar PV capacity China United States  Japan India United Kingdom
Concentrating solar thermal power . .
(CSP) capacity? South Africa | China - - -
BN Wind power capacity China United States | Germany India Brazil
Solar water heating capacity China Turkey Brazil India United States
[ Biodiesel production United States Brazil Argentina/Germany/Indonesia
[ Fuel ethanol production United States | Brazil China Canada Thailand
Total Capacity or Generation as of End-2016
1 2 3 4 5
Renewable power (incl. hydro) China United States  Brazil Germany Canada
Renewable power (not incl. hydro) China United States | Germany Japan India
Renewable power capacity per capita o A
(not including hydro) Iceland Denmark Sweden/Germany Spain/Finland
[ Bio-power generation United States China Germany Brazil Japan
Geothermal power capacity United States Philippines Indonesia New Zealand Mexico
Hydropower capacity* China Brazil United States | Canada Russian Federat.
Hydropower generation* China Brazil Canada United States Russian Federat.
CSP capacity Spain United States | India South Africa Morocco
Solar PV capacity China Japan Germany United States ltaly
Solar PV capacity per capita Germany Japan ltaly Belgium Australia/Greece
BN Wind power capacity China United States  Germany India Spain
BN Wind power capacity per capita Denmark Sweden Germany Ireland Portugal
Solar water heating collector capacity® ' China United States  Turkey Germany Brazil
Solar water heating collector .
capacity per capita® Barbados Austria Cyprus Israel Greece
Geothermal heat capacity © China Turkey Japan Iceland India
Geothermal heat capacity per capita® | Iceland New Zealand | Hungary Turkey Japan

' Countries considered include only those covered by Bloomberg New Energy Finance (BNEF); GDP (at purchasers' prices) data for 2015 from World Bank. BNEF data include the following:

all biomass, geothermal and wind power projects of more than 1 MW; all hydropower projects of between 1and 50 MW; all solar power projects, with those less than 1 MW (small-scale capacity)
estimated separately; all ocean energy projects; and all biofuel projects with an annual production capacity of 1 million litres or more. Small-scale capacity data used to help calculate investment per
unit of GDP cover only those countries investing USD 200 million or more.

2 Only two countries brought CSP plants online in 2016, which is why no countries are listed in places 3, 4 and 5.

3 Per capita renewable power capacity (not including hydropower) ranking based on data gathered from various sources for more than 70 countries and on 2015 population data from World Bank.

4 Country rankings for hydropower capacity and generation differ because some countries rely on hydropower for baseload supply whereas others use it more to follow the electric load and to match

peaks in demand.

5 Solar water heating collector rankings for total capacity and per capita are for year-end 2015 and are based on capacity of water (glazed and unglazed) collectors only. Data from International
Energy Agency Solar Heating and Cooling Programme. Total capacity rankings are estimated to remain unchanged for year-end 2016.

5 Not including heat pumps.

Note: Most rankings are based on absolute amounts of investment, power generation capacity or output, or biofuels production; if done on a basis of per capita, national GDP or other, the rankings
would be different for many categories (as seen with per capita rankings for renewable power not including hydropower, solar PV, wind power, solar water collector and geothermal heat capacity).
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5. POLICY LANDSCAPE

New or revised renewable energy targets have been
adopted in all regions; policy makers continue to
implement a range of support policies

As of 2016, nearly all countries supported renewable energy
development and deployment directly through some mix of
policies enacted at the national, sub-national and local levels.
Policy makers continued to implement a range of renewable
energy targets and direct support policies during the year
to attract investment, drive deployment, foster innovation,
encourage greater flexibility in energy infrastructure and support
the development of enabling technologies such as energy
storage.

New or revised targets were adopted in all regions of the globe
in 2016. Notably, at COP22 leaders of 48 developing nations
committed to work towards achieving 100% renewable energy
in their respective nations. Throughout the year, 117 countries
submitted their first Nationally Determined Contributions (NDCs)
under the Paris Agreement, and 55 of these countries featured
renewable energy targets.

A broad range of policies - including feed-in tariffs (FITs),
tendering, net metering and fiscal incentives - provided support
aimed at economy-wide economic development, environmental
protection and national security. Technology advances, falling
costs and rising penetration of renewables in many countries also
have continued to require that policies evolve to stimulate both
deployment and integration as effectively as possible. As in past
years, policy support was focused mostly on the power sector,
whereas support for renewable technologies in the heating and
cooling and transport sectors has developed at a slower pace.

POLICIES FOR ELECTRICITY

The power sector continues to be the primary focus of
renewable energy policy support

FITs remained the most widely utilised form of regulatory
support to the renewable power sector. However, tenders
(competitive bidding or auctions) for renewable energy are the
most rapidly expanding form of support for renewable energy
project deployment and are becoming the preferred policy tool
for supporting deployment of large-scale projects. During 2016,
several countries - including Malawi and Zambia - held their
first renewable energy tenders, and China tendered 5.5 GW of
capacity. Poland, Greece and Slovenia all adopted hybrid policy
schemes that support small-scale projects through FITs and large
projects through tenders. Decision makers in many countries
continued to advance policies to facilitate integration of variable
renewable generation into national energy systems.

POLICIES FOR HEATING AND COOLING

Renewable heating and cooling technologies see support
through mandates and incentives

Policy makers continued to focus on financial incentives in the
form of grants, loans or tax incentives to increase deployment of
renewable heating and cooling technologies. In addition, some
enacted policies designed to advance technological development.
Several countries, including Bulgaria, Chile, Hungary, ltaly, the
Netherlands, Portugal, Romania, the Slovak Republic and the
United States enacted new financial support mechanisms or
revised existing ones; in South Africa, bidding closed for the
country's long-delayed solar water heater supply, delivery and
warehousing tender. Despite these positive developments, the
renewable heating and cooling sector faced policy uncertainty
in several countries.

RENEWABLE ENERGY TRANSPORT POLICIES

Biofuels for road transport attract continued attention
from policy makers, while aviation and maritime sectors
make slow progress

Biofuel blend mandates and financial incentives for biofuel
blending programmes remained the most common forms of
support for renewable energy in the transport sector. Despite
ongoing debates over biofuel production and use, including
sustainability concerns, biofuel support policies were adopted
throughout 2016. Biofuel blend mandates were added or
revised in Argentina, India, Malaysia, Panama and Zimbabwe,
and the United States released new blending mandates under
its Renewable Fuel Standard. The year also brought increased
policy support for development and use of advanced biofuels,
including Denmark’s advanced biofuels mandate.

CITY AND LOCAL GOVERNMENT RENEWABLE
ENERGY POLICIES

The number of cities around the world committing to 100%
renewable energy continues to grow

Local policy makers have spearheaded the promotion of
renewable energy in municipalities around the world through
the use of their unique purchasing and regulatory authority. The
number of cities committed to transitioning to 100% renewable
energy in total energy use or in the electricity sector has
continued to rise. In 2016, the Australian Capital Territory added
a new commitment, and several other large cities - such as
Calgary (Canada), Tokyo (Japan), Cape Town (South Africa) and
New York (United States) - set significant targets during the year.

6. ENABLING TECHNOLOGIES AND
ENERGY SYSTEMS INTEGRATION

Enabling technologies help foster a greater uptake of
renewable energy in all sectors

The GSR's first chapter on Enabling Technologies aims to
convey information on current developments in various
energy technologies, infrastructure, markets and institutional
frameworks that advance and facilitate expanded deployment of



renewable energy technologies. Enabling technologies can take
many forms, including storage systems, heat pumps and electric
vehicles (EVs).

Enabling technologies can create new markets for renewable
energy in buildings, industry and transport. For example,
electrification of vehicles not only reduces local air pollution, but
also allows for rapidly growing renewable power technologies
to displace fossil fuels in a sector where renewables other than
biofuels previously were barred from entry. In such instances,
air quality is enhanced further, along with other benefits of
expanded renewables deployment. Heat pumps allow renewable
power to substitute for fossil fuels in buildings and for industrial
heat applications. Energy storage solutions help to balance grid-
connected renewable energy supply against energy demand and
to facilitate off-grid renewable energy deployment.

Enabling technologies also help to better accommodate rapidly
growing shares of variable renewable electricity generation.
Power systems have always required flexibility to accommodate
ever-changing electricity demand, system constraints and supply
disruptions, but growing shares of variable generation may
require additional flexibility from the broader energy system.
The increased integration of the electricity sector with thermal
applications in buildings and industry and with transport is one
such approach, as is increased use of energy storage.

About 0.8 GW of new advanced, non-pumped energy storage
capacity became operational in 2016, bringing the year-end
capacity total to an estimated 6.4 GW. Most of the growth
was in battery (electro-chemical) storage. By year's end, total
European installed heat pump capacity reached about 73.6 GWi,
producing 148 TWh of useful energy. In 2016, global sales of EVs
reached an estimated 775,000 units - representing around 1% of
global passenger car sales, and more than 2 million passenger
EVs were on the world's roads by year's end.

/. ENERGY EFFICIENCY

New targets, additional investment, declining energy
intensity

Action to improve energy efficiency increased during 2016 in all
sectors and at all levels of government and in the private sector.
Worldwide, there is a growing recognition that energy efficiency
plays a key role in reducing pollution and that it can provide
multiple additional benefits, including enhanced energy security,
reduced fuel poverty and improved health. Energy savings help
renewable energy to meet a higher share of energy demand and
to enter new markets.

Despite lower oil prices, households, businesses and govern-
ments worldwide continue to invest strongly in energy efficiency
improvements. Incremental investments in energy efficiency in
buildings, industry and transport increased by 6% in 2015, to
USD 221 billion.

Primary energy intensity improved by 2.6% in 2015. Improvements
were more marked in developing and emerging economies,
most of which are still growing rapidly and have more efficiency
potential remaining. High primary energy intensity can be driven
by high shares of relatively energy-intensive economic activities,

REN21

use of less-efficient technologies, under-utilisation of productive
capacity, or a large share of thermal power generation, in
particular coal, rather than non-thermal renewable power.

Energy intensity per square metre in the buildings sector has
improved, but not fast enough to offset the doubling of floor area
since 1990. Energy demand for several appliance and equipment
categories also continues to rise, despite improvements in
efficiency, due largely to a rapid increase in units per household,
in addition to the growing number of electrified households.
Buildings can take advantage of the synergies between energy
efficiency and renewable energy by facilitating the use of on-site
renewable energy to meet building energy loads.

Policies have been the main driver of energy efficiency
improvements, with innovations in technology and finance also
playing important roles. An increasing number of countries
is setting energy efficiency targets; adopting new policies and
standards, and updating existing ones; and introducing new
financial incentives to channel additional funding towards energy
efficiency. Many policies attempt to harness the synergy between
energy efficiency and renewable energy.

8. FEATURE: DECONSTRUCTING
BASELOAD

Dispelling the myths of traditional baseload power

Growth in variable renewable energy is changing how traditional,
established power systems are planned, designed and operated
for greater flexibility. Traditional baseload generators such as coal
and nuclear power plants are beginning to lose their economic
advantage and may no longer be the first to dispatch energy.
In areas where demand is growing (notably in developing
economies), there is an opportunity for new and less-developed
power systems to grow in concert with higher shares of renewable
generation as more-flexible systems are developed.

Anumber of countries and regions - including Denmark, Germany,
Uruguay and Cabo Verde - have integrated high shares (20-
40%) of variable renewable energy, demonstrating the potential
to shift away from the traditional baseload paradigm. Improved
resource forecasting, electricity storage, demand response,
and co-ordination and trade of electricity supply across larger
balancing areas are among the flexibility options that can be
employed to integrate variable renewables; decisions regarding
which options are most appropriate and cost-effective vary
according to different institutional, technological and economic
contexts. The ease of grid integration also varies from country
to country.

A range of planning, operational and institutional changes to
the power system can be pursued to promote overall least-cost
operation and investment strategies while preserving reliability.
As variable renewable energy resources and other enabling
technologies continue to achieve more favourable cost and
performance characteristics, the incentive to deploy them will
continue to increase, moving new and existing systems further
from the baseload paradigm.
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GLOBAL OVERVIEW

he year 2016 saw several developments and ongoing trends

that all have a bearing on renewable energy, including the
continuation of comparatively low global fossil fuel prices;
dramatic price reductions of several renewable energy
technologies (especially solar PV and wind power); and a
continued increase in attention to energy storage.

World primary energy demand has grown by an annual average of
around 1.8% since 2011, although the pace of growth has slowed
in the past few years, with wide variations by country.! Growth
in primary energy demand has occurred largely in developing
countries, whereas in developed countries it has slowed or even
declined.?

For the third consecutive year, global energy-related carbon
dioxide (COz) emissions from fossil fuels and industry were nearly
flat in 2016, rising only an estimated 0.2%, continuing to break
away from the trend of 2.2% average growth during the previous
decade.® This slowing of emissions growth was due largely to
declining coal use worldwide but also to improvements in energy
efficiency and to increasing power generation from renewable
energy sources.* Globally, coal production declined for the
second year in a row.® In 2016, additional countries committed to
moving away from or phasing out coal for electricity generation
(e.g., Canada, Finland, France, the Netherlands and the US
state of Oregon) or to no longer financing coal use (e.g., Brazil's
development bank).® Countering this trend, however, a number of
countries announced plans to expand coal production and use.”

Despite the overall decline in coal production, relatively low global
prices for oil and natural gas during much of the year continued
to challenge renewable energy markets, especially in the heating
and transport sectors.® Fossil fuel subsidies, which remained

significantly higher than subsidies for renewables, also continued
to affect renewable energy growth.® Building on international
commitments to phase out fossil fuel subsidies - such as the 2009
commitments by the Group of Twenty (G20) and by Asia-Pacific
Economic Cooperation (APEC) - by the end of 2016 more than
50 countries had committed to phasing out fossil fuel subsidies.
Subsidy reforms were instituted during 2016 in Angola, Brazil, the
Dominican Republic, Egypt, Gabon, India, Iran, Kuwait, Nigeria,
Qatar, Saudi Arabia, Sierra Leone, Sudan, Thailand, Trinidad and
Tobago, Tunisia, Ukraine, Venezuela and Zambia."

Endnotes: see full version online at www.ren21.net/gsr
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Figure 1. Estimated Renewable Energy Share of Total Final Energy Consumption, 2015
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Source: See endnote 12 for this chapter.

As of 2015, renewable energy provided an estimated 19.3%' of
global final energy consumption. Of this total share, traditional
biomass, used primarily for cooking and heating in remote and
rural areas of developing countries, accounted for about 9.1%,
and modern renewables (not including traditional biomass)
increased their share relative to 2014 to approximately 10.2%. In
2015, hydropower accounted for an estimated 3.6% of total final
energy consumption, other renewable power sources comprised
1.6%, renewable heat energy accounted for approximately 4.2%,
and transport biofuels provided about 0.8%."? (= See Figure 1)

The overall share of renewable energy in total final energy
consumption has increased only modestly in recent history,
despite tremendous growth in the renewable energy sector,
particularly for solar PV and wind power. A primary reason for
this is the persistently strong growth in overall energy demand
(with the exception of a momentary pull-back in 2009 following
the onset of a global economic recession), which counteracts
the strong forward momentum for modern renewable energy
technologies. In addition, the use of traditional biomass for heat,
which makes up nearly half of all renewable energy use, has
increased, but at a rate that has not kept up with growth in total
demand.® (» See Figure 2,)

In 2016, the power sector experienced the greatest increases in
renewable energy capacity, whereas the growth of renewables in
the heating and cooling and transport sectors was comparatively
slow. (= See Reference Table R1.) As in 2015, most growth in
renewable energy capacity was in solar PV (which led by a wide
margin) and in wind power; hydropower continued to represent
the majority of renewable power capacity and generation.
Bioenergy (including traditional biomass) remained the leader by
far in the heat (buildings and industry) and transport sectors.

Growth rates of renewable energy capacity vary substantially
across regions and nations, with most new capacity being
installed in developing countries, and primarily in China.* China

has been the single largest developer of renewable power and
heat for the past eight years. In 2016, an ever-growing number
of developing countries continued to expand their renewable
energy capacities, and some are rapidly becoming important
markets. Emerging economies are quickly transforming their
energy industries by benefiting from lower-cost, more efficient
renewable technologies and more reliable resource forecasting,
making countries such as Argentina, Chile, China, India and
Mexico attractive markets for investment® Nonetheless, some
unique challenges remained in developing countries during
the year, including a lack of infrastructure and of power sector
planning, as well as off-taker risks.”

At the national, state and local levels, government policy
continued to play an important role in renewable energy
developments, although uncertainty in the policy arena also
created challenges.”® The number of countries with renewable
energy targets and support policies increased again in 2016;
targets were in place in 176 countries (up from 173 in 2015), and
several jurisdictions made their existing targets more ambitious.
(» See Policy Landscape chapter) Despite the significance of
the heat and transport sectors to energy demand and global
emissions, policy makers continued to focus predominantly on
the power sector.”

At the global level, the 2015 Paris Agreement of the United
Nations Framework Convention on Climate Change (UNFCCC)
formally entered into force at the 22nd Conference of the Parties
(COP22) in Marrakesh, Morocco in November 2016.2° Renewable
energy figured prominently in a large portion of the Nationally
Determined Contributions (NDCs) that countries submitted in
the lead-up to November.?’ Renewable energy markets were
affected only indirectly by these developments during 2016; more
concrete policy developments resulting from commitments to
the Paris Agreement and new announcements had not yet been
enacted and/or implemented in most countries.?

i The methodology for calculating the renewable share of total final energy consumption has been modified from earlier versions of the Renewables Global
Status Report (GSR). Based on the previous methodology, the estimated share for 2015 is about 19.6%. For details, see endnote 12 for this chapter.
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Figure 2. Growth in Global Renewable Energy Compared to Total Final Energy Consumption, 2004-2014
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Other international efforts of note also took place during the
year. At COP22, leaders of the 48 nations that constitute the
Climate Vulnerable Forum jointly committed to work towards
achieving 100% renewable energy in their respective nations.?
Cities around the world echoed this pledge as they continued
to advance commitments to 100% renewable energy, with some
already having achieved their goals. (= See Policy Landscape
chapter,)

The World Trade Organization continued negotiations on the
Environmental Goods Agreement, which seeks to eliminate
tariffs on a number of products including renewable energy
technologies, although discussions stalled in December.?

Carbon pricing policies (either carbon taxes or emissions trading
systems) were in place in a number of jurisdictions worldwide
in 2016.% (» See Figure 3. If well designed, carbon pricing
policies may incentivise the development and deployment of
renewable energy technologies by increasing the comparative
costs of higher-emission fuels and technologies. However, some

uncertainty exists as to whether these mechanisms alone are
sufficient to drive deployment of renewable energy, even if well-
designed, due to other factors at play, including the structure of
power markets and regulations governing market access.?

In parallel with growth in renewable energy markets, renewable
energy employment expanded during 2016. The number of jobs
in renewables rose again, reaching an estimated 9.8 million jobs
worldwide - a majority of which were in Asia.?” (= See Sidebar 1.

The year also saw continued advances in renewable energy
technologies, including innovations in solar PV manufacturing and
installation and in cell and module efficiency and performance;
improvements in wind turbine materials and design as well as in
operation and maintenance (O&M), which further reduced costs
and raised capacity factors; advances in thermal energy storage
for concentrating solar thermal power (CSP); new advanced
control technologies for electric grids that facilitate increased
integration of renewable energy; and improvements in the
production of advanced biofuels.?®
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Figure 3. Carbon Pricing Policies, 2016
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Note: This figure includes only policies that were implemented as of end-2016. Carbon pricing policies that were enacted or announced but not yet
implemented by year’s end do not appear. These include national emissions trading systems (ETS) in China and Ukraine; a national carbon pricing plan in
Canada; a national carbon tax in Chile and in South Africa; a provincial carbon tax in Alberta (Canada); and a provincial ETS in Manitoba and in Ontario
(Canada). Additional countries and states/provinces not listed here also may have plans to implement carbon pricing policies.

Ongoing advances in energy efficiency are reducing the cost of
providing energy services with renewable energy, whether on-grid
or off-grid. (= See Sidebar 3 and Enerqy Efficiency chapter,) As
penetrations of variable renewable energy continued to increase
in 2016, there also was increased attention to energy storage,
particularly in the power sector?® Electric vehicles, valued for
their contribution to improving local air quality, gained attention in
some markets for their ability to help integrate variable renewable
electricity generation. (= See Enabling Technologies chapter,)

Modern renewable energy is being used increasingly in power
generation, heating and cooling, and transport. The following
sections discuss 2016 developments and trends in these sectors.




POWER

Renewable power generating capacity saw its largest annual
increase ever in 2016, with an estimated 161 gigawatts (GW) of
capacity added.*® Total global renewable power capacity was up
almost 9% compared to 2015, to nearly 2,017 GW at year's end.”
Solar PV saw record additions and, for the first time, accounted
for more additional power capacity (net of decommissioned
capacity) than any other generating technology.®?> Solar PV
represented about 47% of newly installed renewable power
capacity in 2016, and wind and hydropower accounted for most of
the remainder, contributing about 34% and 15.5%, respectively.®
(- See Reference Table R1.)

The world now adds more renewable power capacity annually
than it adds (net) capacity from all fossil fuels combined.®* In
2016, renewables accounted for an estimated nearly 62% of net
additions to global power generating capacity and represented

REN21
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far higher shares of capacity added in several countries around
the world.®® By year's end, renewables comprised an estimated
30% of the world's power generating capacity - enough to
supply an estimated 24.5% of global electricity, with hydropower
providing about 16.6%.% (= See Figure 4.)

By the end of 2016, the top countries for total installed renewable
electric capacity continued to be China, the United States,
Brazil, Germany and Canada.® China was home to more than
one-quarter of the world's renewable power capacity - totalling
approximately 564 GW, including about 305 GW of hydropower.3®

Considering only non-hydro’ capacity, the top countries were
China, the United States and Germany; they were followed by
Japan, India and lItaly, and by Spain and the United Kingdom
(with about equal amounts of capacity by year's end).*® (= See
Figure 5 and Reference Table R2.) The world's top countries
for non-hydro renewable power capacity per inhabitant were
Iceland, Denmark, Sweden and Germany.*°

Throughout 2016, variable renewables achieved high penetration
levels in several countries: for example, wind power met 37.6% of
electricity demand in Denmark, 27% in Ireland, 24% in Portugal,
19.7% in Cyprus and 10.5% in Costa Rica; and solar PV accounted
for 9.8% of electricity demand in Honduras, 7.3% in ltaly, 7.2%
in Greece and 6.4% in Germany.*' Higher penetration levels of
variable renewable energy have been met with curtailments in
some countries, particularly in China.*> However, for short periods
of time, some countries and regions managed to integrate very
high levels of variable renewable energy as shares of total
demand, for example in Denmark (140%) and Scotland (106%).%

The ongoing growth and geographical expansion of renewable
energy was driven by the continued decline in prices for
renewable energy technologies (in particular, for solar PV and
wind power), by rising power demand in some countries and

i The distinction of non-hydropower capacity is made because hydropower remains the largest single component by far of renewable power capacity and
output, and thus can mask trends in other renewable energy technologies if always presented together.

Figure 4. Estimated Renewable Energy Share of Global Electricity Production, End-2016
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Figure 5. Renewable Power Capacities in World, BRICS, EU-28 and Top 6 Countries, 2016
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Note: Not including hydropower. Distinction is made because hydropower remains the largest single component by far of renewable power capacity, and
thus can mask developments in other renewable energy technologies if included. (= See Reference Table R2 for data including hydropower.) The five

BRICS countries are Brazil, the Russian Federation, India, China and South Africa.

by targeted renewable energy support mechanisms.** Solar PV
and onshore wind power are now competitive with new fossil
fuel generation in an increasing number of locations due in part
to declines in system component prices and to improvements in
generation efficiency.*® Bid prices for offshore wind power also
dropped significantly in Europe during 2016.%° (= See Market and
Industry Trends chapter and Sidebar 2.)

Such declines are particularly important in developing and
emerging economies and in isolated electric systems (such as
islands or isolated rural communities) where electricity prices
tend to be high (if they are not heavily subsidised), where
there is a shortage of generation and where renewable energy
resources are particularly plentiful, making renewable electricity
more competitive relative to other options.#” Many developing
countries are racing to bring new power generating capacity
online to meet rapidly rising electricity demand, often turning
to renewable technologies (that may be grid-connected or off-
grid) through policies such as tendering or feed-in tariffs (FITs) to
achieve this desired growth quickly.*®

Throughout 2016, there were noteworthy renewable energy
developments in the power sector in most regions of the world.

Asia: China leads the world in installed capacities of
hydropower, wind power and solar PV.#® The country saw
record installations of solar PV, raising the country's total
capacity by 45%.%° Curtailment rates of wind and solar power
increased in 2016, reflecting ongoing integration challenges.”
Outside of China, most of the renewable power generated in
Asia is from hydropower, but its share is decreasing relative
to other renewable power technologies, especially solar PV

and wind power.*? In India, wind power and solar PV capacity
increased substantially, and bio-power generation was up 8%
relative to 2015.%® Indonesia and Turkey led the world in new
geothermal power installations in 2016.5

Europe: Continuing an ongoing trend, renewable energy
accounted for a large majority (86%) of all new power
installations in the EU, dominated by wind power and solar
PV.%5 Nonetheless, legislative proposals by the European
Commission during the year, known collectively as the “Clean
Energy for All Europeans Package”, caused some concern
for the renewables sector (including manufacturers, project
developers, investors and financing institutions). Concerns
stemmed from proposals to remove priority access and
dispatch for renewable energy, from the level of 2030 targets
for renewable energy and energy efficiency, from the absence
of binding national targets or indicative benchmarks, and from
the planned mandatory replacement of FITs by tendering.®®

North America: In the United States, renewable energy
accounted for over 15% of total electricity generation, up from
13.7% in 2015.5” Bio-power generation was down in 2016, but
electricity generated by wind energy and solar PV increased
substantially.®® More solar PV capacity was installed in the
United States in 2016 than any other power source.*® Operation
of the country's first offshore wind farm also began during the
year®® In Canada, hydropower continued to be a dominant
source of power generation, although wind power has been
the largest source of new generation for the past 11 years.®'
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Latin America: Countries across the region achieved high
shares of electricity generation with variable renewable
energy. For example, Honduras supplied 9.8% of its electricity
with solar PV, and in Uruguay wind power supplied 22.8%
of electricity consumption in 2016.% In addition, a number
of Caribbean islands (e.g, Aruba, Curagao, Bonaire and
St. Eustatius) reached renewable energy shares of over 10% in
the total power mix.%® In Brazil, the cancellation of the renewable
power auctions during the year, motivated in part by declining
electricity demand and the recent economic downturn, created
uncertainty in renewable technology markets, which affected
manufacturers; however, substantial hydropower capacity was
commissioned in 2016.54

Africa: Egypt, followed by Morocco, leads the region in installed
renewable power capacity; both countries have significant
hydropower capacity.®® In South Africa - which (together
with Ethiopia) leads sub-Saharan Africa in total installed
renewable power capacity - renewable energy reached 5%
of total electricity generating capacity in 2016.°° South Africa
and several countries in northern Africa (Algeria, Egypt and
particularly Morocco) are becoming important markets for CSP
as well as centres of industrial activity for solar PV modules
and wind turbine components.®” Several countries, including
Ghana, Senegal and Uganda, commissioned solar PV plants
during the year, and Kenya was one of the few countries
worldwide to bring additional geothermal capacity online.®®
Several large hydropower projects also are under development
on the continent.®®

Oceania: In Australia, which leads the region in renewable
electricity capacity, the majority of capacity is hydropower
(59%) and wind power (32%), although solar PV capacity is
growing quickly.”®

Middle East: Capacities of solar PV, wind power and CSP are
comparatively small, but a number of countries were building
new wind power and solar PV projects and developing domestic
manufacturing capacity during 2016. Projects exceeding 200
megawatts (MW) were either under construction or planned
in Jordan, Oman, the State of Palestine and the United Arab

Emirates (UAE).”" Jordan, Saudi Arabia and Abu Dhabi and
Dubai (UAE) all held solar PV tenders during the year.”

Globally, renewable electricity production in 2016 continued to
be dominated by plants owned by utilities or large investors,
and the scale of plants (solar PV, wind power and CSP) and of
some generator equipment (such as wind turbines) continued to
grow.” Utilities in China, Denmark, Germany, India, Sweden and
the United States continued to invest in large-scale renewable
energy projects, especially in solar PV and wind power, and in
some cases they also invested in renewable energy technology
companies.” Companies that traditionally have focused on fossil
fuel extraction or nuclear power technology manufacturing also
continued to move into renewable energy during the year.”®

Major corporations and institutions around the world also made
large commitments to purchase renewable electricity. In 2016,
34 businesses joined RE 100, a global initiative of businesses
committed to 100% renewable electricity; new members included
companies in China and India, as well as companies engaged
in heavy industry. By year's end, 87 companies worldwide were
participating in the initiative.”® Most big companies that invest in
renewable energy focus on wind energy (accounting for 54% of
power purchased) and solar PV (21%), procuring the renewable
electricity through renewable energy certificates (RECs) and,
increasingly, through power purchase agreements (PPAs) or
direct ownership.”” An increasing number of large corporations
committed in 2016 to PPAs of unprecedented size, many of which
are contracts directly with renewable energy generators rather
than with utilities.”® The overall volume of PPAs in 2016, at 4.3
GW, was the second highest on record, although it was down
20% from 2015.7°

The development of community renewable energy' projects
continued in some countries in 2016.2° Canada saw its first
community wind farm begin operation, and Chile, which
implemented a dedicated policy forcommunity energy in late 2015,
registered 12 new communities to receive funds for renewable
energy projects in 2016.5" However, growth in community energy
projects is declining in several countries, particularly where
policies are shifting from FITs towards tendering (as in parts of

i See Glossary for definitions of this and other terms used in this report.
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Europe, for example in Germany and the United Kingdom, but
also in Japan).®? In the United Kingdom, following policy changes
that reduced tax benefits and FIT rates, 44 community energy
projects stalled, and the number of new projects that were
initiated declined dramatically relative to 2015.%% In Japan, policy
amendments that removed priority access for renewable energy
meant that many community power projects no longer were able
to connect to electric grids.®*

Although community energy projects have focused historically on
the production of power, they have begun to expand into energy
retailing (supply), storage and demand-side management.®® This
trend of diversifying community involvement, most prominent in
OECD countries, is being met with varying degrees of success
due largely to policy constraints.®®

Many energy markets are changing to integrate larger shares of
variable renewable energy - by becoming more flexible, manag-
ing shorter trading times and integrating demand response on
both the supply and demand sides.?” New market participants
- often small and medium-sized enterprises and decentralised
independent energy producers - are playing an increasingly
important role. Some existing participants (e.g., electric utilities)
are developing new business models that focus on decentralised
renewable energy rather than on centralised conventional fossil
fuels or nuclear power; examples of energy companies under-
going such transitions include RWE and E.ON in Europe.®® In
response to the conceptual shift away from centralised electricity
generation, utilities have shown increased interest in virtual power
plants: networks of decentralised renewable energy generation,
energy-efficient buildings, and battery storage connected to and
remotely controlled by software and data systems.

Innovations in renewable energy retailing continued to emerge
in 2016. For example, preliminary test runs of peer-to-peer
trading models - in which a direct contract is made between
the energy generator and the energy user - took place in New
York City.®® Trading platforms for such peer-to-peer models also
have emerged in Germany, the Netherlands and the United
Kingdom.®' In addition, a new model of pooling residential storage
systems (which often are paired with distributed systems) to
provide services to the grid was approved in Switzerland; similar
models were implemented in Vermont (United States) and tested

in Germany.®? Such systems allow prosumers to play an active
role in balancing power for the first time.

Renewable energy hybrid projects - which combine two or more
renewable power technologies - are being built or developed in
several countries, including Australia, China, India, Morocco and
the United States.®® Wind power-solar PV projects are becoming
more common, in large part due to the natural synergies of
the two resources: wind speeds often accelerate when solar
irradiation drops.*

Several plans (some only in the early stages) to interconnect
existing grids or to build “super-grids” were in place during 2016
(for example, in Africa, Asia and South America), many of which
aim specifically to advance the integration of renewable energy.®®
Substantial investments also were made in upgrading national
grids - for example, expanding transmission lines to transport
renewably generated power in India, Jordan and Chinal, which
diverted significant investment in 2016 from renewable projects
to grid improvements and to reforms in the power market to
better utilise the country's existing renewable energy resources.*

For the more than 1 billion people worldwide without access
to electricity (most of whom are in sub-Saharan Africa and
Asia), renewable energy systems, especially those in rural areas
far from the centralised grid, continued to offer important and
often cost-effective options to provide such access.® (> See
Distributed Renewable Energy chapter.) The number of off-grid
solar PV systems in particular has been increasing rapidly to this
end.®® Multilateral and bilateral financing institutions continued to
provide funding to further develop and deploy renewable energy
projects (notably solar PV and mini-grid systems) in 2016.

In developing and developed countries, the use of electric mini-
grids continued to expand, driven in part by desires to improve
the reliability of power supply in the face of extreme weather and
other disruptions, but also for reasons including energy access
and preferences for renewable energy supply.®® Interconnections
with regional/national grids and other mini-grids are increasing
in some developed countries, particularly in the United States,
which leads in global mini-grid capacity.® In a rising number of
developing countries, renewables-based mini-grids are playing
an important role in meeting energy access goals.

Rion ad

i InJanuary 2017, the Chinese government announced plans to spend USD 360 billion on renewable energy through 2020 to reinforce its position as the
world leader in renewable energy investments. See endnote 96 for this chapter.
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HEATING AND COOLING

Energy use for heat (water and space heating, cooking and
industrial processes) accounted for more than one-half of total
world final energy consumption in 2016.%" Energy demand for
cooling is significantly lower, but it is increasing rapidly in many
countries.

Renewable energy is used directly to meet heating and cooling
demand by means of solar, geothermal or biomass (solid, liquid
and gaseous) resources. Renewable electricity also can be used
for heating and cooling. In 2016, renewable energy's share of final
energy use in the heat sector remained stable at around 25%; of
this share, more than two-thirds was traditional biomass, used
predominantly in the developing world."%?

Modern renewable energy’ supplied the remaining one-third,
or approximately 9% of total global heat production.’® The use
of modern renewable heat has increased at an average rate of
2.3% per year since 2007, accounting for a rising share of overall
heat consumption.’® Industrial users consume most (56%) of the
heat generated by modern renewable technologies, followed by
commercial district heating systems, which consume another
5%.°° A significant amount also is used by households - for
example, with modern biomass stoves and solar thermal heat
systems.

Trends in the use of renewable energy for heating vary by
technology, although the relative shares of the main renewable
heat technologies have remained stable during the past few
years. The use of traditional biomass has increased 9% since
2007, even as the share of traditional biomass in total global
energy use has been declining.'®

Focusing only on modern renewable energy, bioenergy accounts
for almost 90% of renewable direct heat use, solar thermal
represents around 8%, and geothermal accounts for 2%.” While
additional capacities of modern bio-heat and solar thermal were
installed in 2016, growth in both markets has continued to slow.
Geothermal direct use also continued a gradual expansion during
the year. (= See Biomass Energy, Solar Thermal Heating and
Cooling, and Geothermal Power and Heat sections in Market and
Industry Trends chapter,)

Bioenergy accounts for around 7% of all industrial heat
consumption.’®® In 2016, the use of solar process heat continued
to increase in the food and beverage industry as well as in the
mining industries, all of which have substantial demand for
low-temperature heat, Solar process heat expanded into other
industries as well; for example, in Oman construction continued
on a1GW solar thermal plant for advanced oil recovery.’®®

Biomass is the primary renewable energy source used for district
heating.™ Increasingly, solar thermal is being incorporated
into district heating systems at significant scales, with several
large projects in some European countries. Denmark is in the
lead and commissioned the world's largest solar thermal plant
(110 megawatts-thermal (MWw)) in 2016." Denmark's success
has inspired project development elsewhere in Europe, especially
in Germany and Poland, and solar district heating is attracting
attention in China as well"? (= See Solar Thermal Heating and
Cooling section in Market and Industry Trends chapter,) Several
European countries have expanded their use of geothermal
district heating plants in recent years; the region had more than
260 plants as of 2016."

In countries where district heating is more mature - such as
Denmark, Finland and Sweden - so-called fourth-generation
systems have begun to move beyond conceptualisation and
towards design and eventual implementation. These advanced
systems are integrated with a mix of smart electric grids, large-
scale heat pumps, natural gas and thermal grids, long-term
infrastructure planning processes, and energy-efficient buildings,
all with the aim of incorporating increased shares of renewable
energy.™

Electricity accounts for only an estimated 1.5% of the total
renewable heat production in buildings and industry, but
electrification of heat received increasing attention in 2016."5 As
FITs and net metering are phased out in many countries, there
is growing interest in the potential to store electricity generated
by small-scale renewable energy systems (especially solar PV) in
batteries for self-consumption, or to use it to produce hot water."®
In addition, the use of heat pumps continues to rise, particularly in
new, efficient single-family homes with a low heat load."” (- See
Heat Pumps section in Enabling Technologies chapter,)

Interest also is expanding in the use of district heating to provide
flexibility to power systems, by converting renewable electricity
into heat.™ Although still at a very limited scale, seasonal heat
storage (both inter-seasonal and short-term storage) is being
combined increasingly with the electric grid, using excess
electricity for a power-to-heat process.” Seasonal storage
systems for heat generated by renewable energy-based district
heating systems were used in a number of European countries
in 2016.™2°

The number of hybrid systems for heat (combining multiple
technologies) continued to increase in 2016.%" In such systems,
solar thermal often is coupled with different technologies -
depending on country-specific circumstances - to help ensure a
secure supply of heat.”® For example, in Germany solar thermal
systems are more likely to be combined with natural gas burners,
whereas in China they are more likely to be combined with

i Modern renewable energy for heat includes modern bioenergy combustion (= see Biomass Energy section in Market and Industry Trends chapter), solar thermal
generation and geothermal direct use, and in this case also heat provided by renewably generated electricity.
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electric heat.””® Hybrid systems that rely exclusively on the use of
renewable energy technologies (such as solar thermal coupled
with biomass boilers) also are possible, although for cost reasons
they are less common than systems paired with fossil fuels.’*
In the United Kingdom, a demonstration hybrid district heating
project that combines solar thermal, heat pumps and energy
storage began supplying heat and hot water to homes in 2016."2°

Space cooling accounts for about 2% of total world final energy
consumption; most of the demand is met by means of electrical
appliances.*® Rising demand for space cooling, especially in
developing countries, has led to a dramatic increase in peak
electricity demand in a number of countries.””’ It also has helped
to spur interest in solar cooling, particularly in sun-rich countries,
and some notable projects began operation in 2016.% In general,
however, markets for renewable-based cooling technologies
(non-electric) have not kept pace with the rising demand
for cooling, due largely to the installation flexibility and cost-
competitiveness of electricity-based cooling.”® Some field tests
and demonstration projects of combined cooling systems with
solar PV panels and heat pumps were in progress during 2016.%°

There are important differences across regions in demand for
heating and cooling as well as in the use of renewable energy to
provide these services:

Asia: China, the world's largest consumer of heat, supplies
only around 1.8% of its demand with renewable heat™
Due in part to the slowing rates of residential construction,
investment in solar thermal installations declined for the
third consecutive year’®? At the same time, district heating
has grown substantially, offering new opportunities for
incorporating renewable heat®® In India, around 10% of heat
demand is met by modern renewables, mostly in the form of
bioenergy (bagasse, rice husks, straw and cotton stalks) used
in industry.** A number of solar thermal systems for process
heat also were installed during the year in India, supported by
international programmes of the United Nations Environment
Programme (UNEP) and UNIDO.*® Across China, India and
the rest of developing Asia, around 50% of the population relies
on traditional biomass for cooking.’®

Europe: The EU continued to produce more heat from
renewable energy than did any other region in 2016; most (about
61%) of this heat was consumed in buildings.®” An estimated
18.6% of the region's total heating and cooling consumption
is met by renewable sources, primarily solid biomass, up from
14.9% in 20108 In Germany, Europe's largest consumer of
heat, the share of renewables in heating and cooling (most
of which is bioenergy) remained stable in 2016, although the
country's total generation of renewable heat increased 6%."*°
In Sweden, which has the region's highest share of renewables
in its heating and cooling mix, biomass accounted for 60% of
the heat provided to district heating systems*® In Denmark,
a majority of the heat supplied to district heating systems
was generated from biomass and waste in 2016, although the
country also has made significant strides in incorporating solar
thermal into its district heating systems.'!

North America: The region was the world's second largest
producer of renewable heat, with renewables meeting around
10% of heat demand.*> The US market for woody biomass
and pellet boilers did not grow in 2016, due in part to low oil
prices, but interest in wood chips for district heating or small
commercial boilers continued to increase® Some electric
utilities and some companies in the fossil fuel delivery industry
(e.g., oil and propane suppliers) have begun to diversify their
portfolios by launching programmes to lease air-source heat
pumps for both heating and cooling purposes.** In Canada,
renewables provide around 22% of industrial heat demand,
mostly using bioenergy residues from the pulp and paper
industry.'

Latin America: Across Latin America, renewable energy
supplies 35% of heat demand, nearly one-quarter of which is
met with traditional biomass (concentrated mainly in Bolivia,
Colombia, El Salvador, Guatemala, Honduras, Nicaragua,
Paraguay and Peru), with significant variations across
countries“® A few countries in the region rely heavily on
renewable sources for industrial heat (largely solid biomass
fuels such as bagasse and charcoal), including Paraguay
(90% renewable), Uruguay (80%), Costa Rica (63%) and
Brazil (54%).*” Solar thermal use in industry is growing rapidly




in Mexico, where a total of 95 process heat plants had been
installed by the end of 2016,

Africa: Approximately 2.7 billion people in Africa, or 69% of
the continent's population, use traditional solid biomass for
cooking.*® (= See Reference Table R11.) However, access to
modern renewable heat is increasing in some countries. South
Africa and Tunisia led the continent in newly installed solar
thermal heat capacity in 2016.%° In South Africa, deployment of
solar thermal systems for water heating has been driven by the
need to reduce peak electricity demand in supply-constrained
markets, whereas in Tunisia deployment has been driven by a
desire to reduce fossil fuel imports.® In Egypt, the country's
first demonstration solar thermal cooling plant was installed
during the year."

Middle East: In general, interest in solar thermal energy
for both domestic water heating as well as commercial and
industrial heat is on the rise across the region, with large
projects under development in Kuwait, Qatar, Oman and the
UAE in 2016."%% In the UAE, the 2012 solar thermal obligation in
Dubai continued to have a positive effect on the solar thermal
market.®* In Jordan, about 15% of all households are equipped
with solar water heating systems.'®®

In 2016, continued improvements in the sector - including in the
efficiency of industrial processes, building materials, and heating
and cooling systems - facilitated increased use of renewable
energy for heating and cooling. In general, however, deployment
of renewable technologies in these markets is constrained by
several factors, including limited awareness of the technologies,
the distributed nature of consumption and fragmentation of the
markets, comparatively low fossil fuel prices, ongoing fossil fuel
subsidies and a comparative lack of policy support. In developing
countries, despite significant potential for solar thermal heating
and cooling, the lack of installation know-how remains an
important barrier, particularly for industrial-scale heat.'s®

Nevertheless, throughout 2016 there was evidence in
international policy of increasing awareness and political support
for renewable heating and cooling technologies. A number
of the NDCs delivered to the UNFCCC for COP22 specifically
mentioned goals to expand the use of renewable heating
technologies, and the European Commission’s proposal for a
new Renewable Energy Directive to 2030, released in November
2016, includes a recommendation to increase the share of
renewables in heating and cooling by 1% annually, while leaving
specific implementation strategies to member states.™ For the
first time in EU policy discussions, the strategy also specifically
highlighted the importance of renewable energy for district
heating and cooling.'®®
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TRANSPORT

Global energy demand in transport has increased by just under
2% annually on average since 2005; it accounts for about 28%
of overall energy consumption and for 23% of energy-related
greenhouse gas emissions.” Qil products account for around
93% of final energy consumption in transport.'®®

There are three main entry points for renewable energy in the
transport sector: the use of 100% liquid biofuels or of biofuels
blended with conventional fuels; natural gas vehicles and
infrastructure that can be fuelled with gaseous biofuels; and the
electrification of transport, which can use batteries or hydrogen
produced by renewable electricity.

Biofuels (ethanol and biodiesel) represent the vast majority
of the renewable share of global energy demand for transport.
They provide around 4% of world road transport fuel®" In 2016,
global ethanol production remained stable relative to 2015, with
decreases across Europe and in Brazil offset by increases in the
United States, China and India.'®® Global biodiesel production
increased by around 9% compared with 2015, with substantial
increases in the United States and Indonesia.'®® (= See Biomass
Energy section in Market and Industry Trends chapter.,)

The technology for producing, purifying and upgrading biogas
for use in transport is relatively mature, and vehicles and
infrastructure based on natural gas are increasing slowly but
steadily internationally.'®* However, several barriers remain to
broader biogas penetration in the transport sector, including
the lack of regulations regarding access to natural gas grids,
the lack of natural gas infrastructure, the decentralised nature
of biogas feedstock and comparatively high economic costs.!®®
Most biogas production for transport purposes is concentrated
in Europe and the United States.'s®

Electrification of the transport sector increased during the year,
expanding the potential for greater integration of renewable
energy in the form of electricity for trains, light rail, trams, and two-
and four-wheeled electric vehicles (EVs). Further electrification
of the transport sector has the potential to create a new market
for renewable energy and to ease the integration of variable
renewable energy using the possibility of storage offered by EVs.
(= See Electric Vehicles section in Enabling Technologies chapter,)

39



40

GLOBAL OVERVIEW

Although direct links between renewable energy and EVs remain
limited, as the share of renewables in grid power increases, so
does the share of renewables in electrified transport. Some EV
service providers, such as car sharing companies in the United
Kingdom and the Netherlands, have begun offering a provision
for charging vehicles with renewable electricity.®” On a very
limited scale, companies in several countries are developing
prototypes that use solar PV directly, for example on passenger
cars in China and Japan and a solar-powered bus in Uganda.'®

Barriers to electrification in the transport sector continued to
include relatively high EV purchase costs, perceived limits to
range and battery life, and a lack of charging infrastructure.’®® In
most developing countries, additional barriers relate to the lack
of a robust electricity supply, which reduces the attractiveness of
using electricity for transport.”®

Road transport accounts for 75% of transport energy use.”" Each
region has a unique mix of renewable fuels, vehicle types and
fuelling infrastructure. Regional trends in road transport during
2016 include:

North America: The United States continued to be the
largest producer of biofuels, with use of these fuels supported
by agricultural policy and by the federal renewable fuel
standard.”? Production of both ethanol (at a similar pace as
2015) and biodiesel (reversing the decline witnessed in 2015)
increased in 2016. The United States is one of the five largest
producers of biogas for vehicle fuel worldwide (all others are
in Europe).”® Renewable gas accounts for 20-35% of natural
gas used in transport, and 37 new renewable natural gas
projects ongoing in 2016 indicate growing interest.” EV sales
also increased (by 38%) in the United States during the year,
and the country accounts for 28% of passenger EV sales in
the global market.””® In Canada, ethanol production decreased,
while biodiesel production increased, and EV sales were up
56% from 2015.176

Latin America: Brazil, the second largest producer of biofuels
(after the United States), saw declines in both ethanol and
biodiesel production in 2016, reversing the increase in 2015."
Colombia and Peru also saw decreases in both ethanol and
biodiesel production during the year.”® Countering this decline,
production of both biofuels increased in Argentina, while
in Mexico ethanol production increased from near zero in

previous years to 20 million litres.” The EV market in Latin
America is still in its infancy but is seeing early developments,
particularly in Costa Rica and Colombia.”®® Argentina, Brazil
and Colombia all have a developed natural gas infrastructure
into which biogas could be incorporated, but this has not yet
seen much if any deployment’®

Europe: Policy and public support for first-generation biofuels
continued to wane due in part to sustainability concerns, but
also because of the increasing interest in electric mobility; as a
result, investment in new biofuels production capacity declined
in 2016."%2 Regional production of both ethanol and biodiesel
was down, although increases occurred in some individual
countries (such as for ethanol production in Hungary, Poland,
Sweden and the United Kingdom).®®* Countering the decline in
biofuels, biomethane continued to gain share of the transport
fuels mix, particularly in Sweden, which provided record shares
(over 70%) of biomethane in its supply of compressed natural
gas (CNG) for transport.'®* Europe is home to four of the world's
five largest producers of biogas for vehicle fuel: Germany,
Sweden, Switzerland and the United Kingdom '

Regional sales of EVs also increased (by 14%) in 2016."® Europe
accounts for 29% of global sales of passenger EVs; Norway
leads the region in total sales, followed by the Netherlands,
the United Kingdom and France.®” In 2016, installation of what
is reportedly the world's first solar controlled, bi-directional
charging station for EVs was completed in the Netherlands. '
(» See Electric Vehicles section in Enabling Technologies
chapter.,)

Asia: Growth in ethanol production in Asia continued to slow;
China, India and Thailand led the region in production. Biodiesel
production continued to rise, particularly in Indonesia where the
significant increase in 2016 countered the decline in 2015. Both
China and India have an established natural gas infrastructure
into which biogas could be incorporated.’®® Movement in this
direction during the year included the start of operation of
India’s first biomethane-fuelled bus, with more stations, buses
and routes planned.®® EV sales increased in China, the largest
market for passenger EVs worldwide" China also is the
global leader in sales of electric two-wheelers.'? Japan, which
accounted for 8% of the global market for passenger EVs in
2016, saw sales decline (-12%) for the second year in a row.'®®
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Africa: Production of fuel ethanol increased 11% (from
comparatively low levels) in 2016, albeit well below the 30%
growth in 2015.%* Some early EV sales have been seen in
South Africa and Morocco.”®® Biomethane road transport pilot
projects also have been launched in South Africa in recent
years,'%

Aviation accounts for around 11% of the total energy used in
transport®” In October 2016, the International Civil Aviation
Organization announced a landmark agreement by 66 nations
accounting for 86% of aviation activity to mitigate greenhouse
gas emissions in the sector; the first phase of the agreement is
expected to begin in 2021.°8 Alongside technical and operational
improvements, the agreement will support the production and use
of sustainable aviation fuels, specifically drop-in fuels produced
from biomass and different types of waste.*® In aviation, biofuel
use moved from a concept to business-as-usual for a few airlines
in 2016.2°° A number of significant agreements for provision of
aviation biofuels were signed during the year, including a few
worth over USD 1 billion.?”" There also was ongoing development
work on prototypes for short-range electric flights.2%?

Shipping consumes around 7% of the total energy used in
transport.?® Ships can incorporate wind and solar energy directly,
and for propulsion they can use biofuels or other renewable-
based fuels (e.g, hydrogen).?* However, the integration of
renewable energy into shipping continued to stagnate in 2016.2%°
Late in the year the International Maritime Organization agreed
to a 0.5% sulphur cap by 2020, which will have implications for
the burning of heavy fuel oil and therefore also may increase
interest in liquefied natural gas (LNG) and renewable fuels.?%®
Developments associated with gaseous fuels — including a new
action plan in China and some deployment of LNG-fuelled ships
(e.g., in Australia) - may offer opportunities for the incorporation
of biogas.??” Active research and prototype development of wind
energy-assist technologies also continued during the year.?®

Rail accounts for around 2% of the total energy used in the
transport sector; it can incorporate biofuels in fleets fuelled by oil
products (around 57% of the total) and renewable power in fleets

powered by electricity (around 36% of the total).?*® The renewable
electricity share in the total energy mix of the world's railways
increased from 3.4% in 1990 to around 9% in 2013, with some
countries reaching much higher penetrations by 2016.2° As of
early 2017, for example, all electric trains in the Netherlands were
powered 100% by wind power, one year ahead of schedule.?"

A few railways implemented new projects in 2016 to generate
their own electricity from renewables (e.g, wind turbines on
railway land and solar panels on railway stations), notably in
India and Morocco.?”? Also in 2016, Chile announced that new
construction of solar PV and wind farms will help power the
Santiago subway.?"® Ongoing tests of smart energy management
in both intercity and urban trains (such as onboard energy
management and dynamic response) also occurred during the
year to help manage and store variable renewable energy.?™

Motivated in part by the need to manage local air pollution,
some countries (for example, Germany, India, the Netherlands
and Norway) began discussing for the first time a phase-out of
internal combustion engines, a step that would have implications
for both biofuels and renewable electricity in transport.®

Following the historic climate agreement in Paris in December
2015, the international community focused increased attention
on decarbonisation of the transport sector, although only 22 of
the NDCs submitted refer specifically to renewable energy in the
transport sector, and only two (Niue and New Zealand) link EVs
to renewable energy.?® During 2016, some governments, mostly
in Europe, began looking at medium- to long-term strategies
to decarbonise the sector, often involving long-term structural
changes; many also considered or developed strategies to more
closely link the transport and electricity sectors.?”” For example,
Germany's climate action plan, developed in 2016, aims to reduce
emissions in the sector 40-42% by 2030, with a longer-term
objective to fully decarbonise the sector.?® However, much of the
focus of international decarbonisation discussions was on the
electrification of transport, with very little attention focused on
ensuring a renewable electricity supply.?®
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SIDEBAR 1. Jobs in Renewable Energy

The renewable energy sector employed 9.8 million people in
2016 - a 11% increase over 2015, Jobs in renewables, excluding
large-scale hydropower, increased 2.8% to 8.3 million in 2016.
In some major markets, job losses followed policy changes,
a decrease in investment and rising automation. Even so,
global employment numbers continued to rise due to record
deployment of renewables, driven by falling prices and
supportive policies in several markets. Solar PV was the largest
employer, followed by biofuels, large-scale hydropower, wind
energy and solar heating and cooling. (- See Table 1)

Global employment in solar PV increased 12% in 2016, to 3.1
million jobs. In China, solar PV employment was up 19%, with
growth mostly in construction and installation. In the United
States and India, strong growth in annual installations boosted
employment by 17% and 24%, respectively. By contrast, solar
PV-related employment declined in Japan and the EU (in 2015)
due to market contraction.

Biofuels employment increased around 3% to an estimated 1.7
million, even though mechanisation reduced labour needs in the
feedstock supply chain in the two largest producers: the United
States and Brazil. Indonesia's palm oil-based biodiesel sector
saw employment increase by around 60% to 154,000 jobs.
Biofuel production also rose in South-Eastern Asia, including in
Thailand, Malaysia and the Philippines, which together employed
close to 192,000 people in 2016. Colombia's labour-intensive
biofuels sector supported around 85,000 jobs.

Some 1.2 million people worked in the wind power industry in
2016, a 7% increase over 2015. In China, jobs in wind energy
edged up slightly to 509,000, accounting for close to half of
the global total. Germany, the United States, India, Turkey, the
United Kingdom and Brazil followed.

The number of solar heating and cooling related jobs
declined by an estimated 12%. In China, the dominant market,
employment fell yet again as annual installations continued to
decline. Other significant employers included Brazil, Turkey,
India, the United States and Germany.

Jobs in small-scale hydropower remained steady in 2016,
whereas jobs in large-scale hydropower decreased 7%.
China, India and Brazil were the leading employers for large-
scale hydropower. Most of the jobs were in operation and
maintenance, followed by construction and installation.

Overall, renewable energy-related employment (not including
large-scale hydropower) continued to shift towards Asia, which
accounted for 62% of jobs, compared to 51% in 2013. Across
all renewable energy technologies, not considering large-scale
hydro (omitted from the remaining discussion'), the leading
employers continued to be China, Brazil, the United States,
India, Japan and Germany.

China remained the leader with 3.6 million jobs, up 3%
relative to 2015; solar PV was China's main source of job
creation. Contraction in solar thermal heating and small-scale
hydropower resulted in job losses, while reduced production
combined with rising labour productivity lowered the number
of jobs in bio-power and biofuels.

Employment in Brazil's biofuel sector fell 5%, driven primarily
by an 8% drop in ethanol jobs due to increased mechanisation.

The slowdown in new installations reduced employment in the
wind power (down 21%) and solar water heater industries.

In the United States, expanded jobs numbers were due
primarily to employment increases in the solar PV and wind
power (up 16%) industries, buoyed by the extension of federal
tax credits in late 2015, Biodiesel job gains compensated for
cuts in ethanol-related jobs, keeping total biofuel employment
stable.

In India, tenders for utility-scale solar plants and capital
subsidies for distributed generation pushed up solar PV
employment by 17% in 2016, with most of the gains in project
development and installation. The number of wind power jobs
rose 26% due to a significant increase in new capacity.

In Japan, new solar PV installations declined due to tariff cuts
and to difficulties in securing grid connections. As a result, solar
PV employment declined 20% relative to the 2014 estimate.

The number of renewable energy jobs in the EU fell slightly
in 2015 to 1.16 million. Reductions in solar PV installations and
module manufacturing resulted in a 22% decrease in solar
PV jobs in 2015. At the same time, employment increased in
geothermal, wind and solid biomass power.

Germany continued to lead Europe in renewable energy
employment, even as the number of jobs declined about 6%
in 2015, Offshore wind power and small-scale biomass heating
(primarily household and other solid fuel systems) were the
country's only industries to create additional jobs; although
employment in the offshore sector rose 10% (to 20,500 jobs),
total wind power jobs declined 4% due to reduced onshore
activity. Solar PV-related employment slipped to less than
one-third of Germany's 2011 peak. France, the second largest
European employer, saw renewable energy jobs fall 5%. In
the United Kingdom, close to 110,000 people were employed
in 2015, a 2% decline relative to 2014, Employment in Spain
stabilised in 2015 at 75,500 jobs, following six years of job cuts
resulting from policy changes and the national economic crisis.

Renewable energy employment increased during 2016 in
several other countries, particularly in Asia. In Bangladesh,
the number of jobs in solar PV rose 10%, due primarily to
growth in deployment of mini-grids and solar water pumps.
Malaysia's role as a solar PV manufacturing hub for export
markets continued to expand, with employment up 46% (to
about 27,900). Considering all renewable energy technolo-
gies, employment in Malaysia reached 95,500 jobs in 2016.

i This sidebar is drawn from Renewable Energy and Jobs - Annual Review
20177. Data are principally for 2015-2016, with dates varying by country and
technology, including some instances where only earlier information is
available.

i The most recent EU data available are for 2015, with some exceptions
(= See Table 1 notes).

iii National and regional employment trends exclude jobs in large-scale
hydropower, given differences in the methodology used for estimating
large-scale hydro employment and uncertainties in underlying data.
IRENA estimates large-scale hydro numbers using an employment
factor approach and includes only direct jobs; numbers for most other
renewables are based primarily on data from primary and secondary
sources and include direct and indirect jobs. Uncertainties in large-scale
hydro estimates exist due to a lack of reliable data on variables such as
construction time and employment factors.
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JOBS IN' RENEWABLE ENERGY

Table 1. Estimated Direct and Indirect Jobs in Renewable Energy, by Country and Technology

. .. United . Bang- European Union'
China Brazil India Japan
States ladesh Germany France RestofEU

THOUSAND JOBS

Solar PV 3,095 1,962 4 241.9 121 302 140 316 16 67
7 Liquid biofuels 1,724 51 783¢ | 2837 35 3 228 22 48
BN Wind power 1,155 509 324 | 1025 | 605 5 0.33 142.9 22 165

o eating!/ 828 690 | 434¢ | 13 | 138 | 07 9.9 55 20
u Solid biomass? 9 723 180 79.7¢ 58 454 50 238
[ Biogas 333 145 7 85 15 45 44 15
blydropower 21 95 15 9.3 12 5 6.7 4 35

(small-scale)®

Geothermal
energy?

CSP 23 " 82 0.7

3

182 35 2 17.3 375 62

Hydropower
(large-scale)®

1,519 312 183 28 236 18 6 9 46
arge-scale hydropower)

Note: Figures provided in the table are the result of a comprehensive review of primary (national entities such as ministries, statistical agencies, etc.) and secondary
(regional and global studies) data sources and represent an ongoing effort to update and refine available knowledge. Totals may not add up due to rounding.

@ Power and heat applications (in the case of geothermal energy in the EU, 110,000 jobs in heat pumps also are included). ® Although 10 MW is often used as a
threshold, definitions are inconsistent across countries. © About 238,300 jobs in sugar cane and 174,600 in ethanol processing in 2015; also includes rough estimate
of 200,000 indirect jobs in equipment manufacturing in 2015, and 169,900 jobs in biodiesel in 2016. ¢ Equipment manufacturing and installation jobs. ¢ Based on
employment factor calculations for biomass power and CHP. f Includes 222,500 jobs for ethanol and about 61,100 jobs for biodiesel in 2016. ¢ Traditional biomass

is not included. " The total for "World' is calculated by adding the individual totals of the technologies, with 4,870 jobs in ocean energy, 16,400 jobs in renewable
municipal and industrial waste and 14,500 jobs in miscellaneous which are not broken down by technology. ' All EU data are from 2015, except for wind energy jobs
data for Finland and Netherlands, which was available for 2016. The two major EU countries are represented individually.’ Includes 7,700 jobs in publicly funded
R&D and administration, not broken down by technology. ¥ Includes 13,550 jobs in renewable municipal and industrial waste and 1,000 jobs in ocean energy.

' Direct jobs only.

Source: IRENA

Figure 6. Jobs in Renewable Energy
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8.3 milion + 1.Dmillion
Tonr 9.8 million jobs

= 50,000 jobs
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02 MARKET AND INDUSTRY TRENDS

BIOMASS ENERGY

There are many pathways by which biomass feedstocks can
be converted into useful renewable energy. A broad range of
wastes, residues and crops grown for energy purposes can be
used directly as fuels for heating and cooling or for electricity
production, or they can be converted into gaseous or liquid
fuels for transport or as replacements for petrochemicals!
(» See Figure 6 in GSR 2015) Many bioenergy technologies
and conversion processes are now well-established and fully
commercial.? A further set of conversion processes - in particular
for the production of advanced liquid fuels - is maturing rapidly.®

In 2016, local and global environmental concerns, rising energy
demand and energy security continued to drive increasing
production and use of bioenergy. Bioenergy consumption and
investment in new capacity are supported by policy in many
countries. (= See Policy Landscape chapter) However, in
some countries, low fossil fuel prices during 2016 discouraged
investment in bioenergy-based heating; unlike transport use of
biofuels, bio-heat is not sheltered by blending mandates from
changes in fossil fuel prices. Increased competition from other
low-cost renewable sources of electricity acted as a barrier to
bio-power production during the year.* The continuing discussion
about the sustainability of some forms of bioenergy has led to
regulatory and policy uncertainty in some markets, and has made
for a more difficult investment climate.®

BIOENERGY MARKETS

Bioenergy (in traditional’ and modern uses) is the largest
contributor to global renewable energy supply.® Total primary
energy supplied from biomass in 2016 was approximately 62.5
exajoules (EJ).” The supply of biomass for energy has been
growing at around 2.5% per year since 2010.® The bioenergy
share in total global primary energy consumption has remained
relatively steady since 2005, at around 10.5%, despite a 21%
increase in overall global energy demand over the last 10 years.®

The contribution of bioenergy to final energy demand for heat
in buildings and industry far outweighs its use for electricity and

transport combined.® (- See Figure 7,)

i Traditional use of biomass refers to the use of fuelwood, animal dung and agricultural residues in simple stoves with very low combustion efficiency. There
are no precise universally accepted definitions for what comprises traditional use of biomass. The definition adopted by the IEA (see endnote 7) is "the
use of solid biomass in the residential sector of non-OECD member countries, excluding countries in non-OECD Europe and Eurasia”. This, however,
fails to take into account the inefficient use of biomass in many industrial and commercial applications in these countries, the efficient use of biomass in
developing countries and the inefficient use within residential heating in some OECD, European and Eurasian countries. A discussion on this and other
methodological issues associated with biomass can be found in Sustainable Energy for All, Sustainable Energy for All 2015: Progress Toward Sustainable
Energy (Washington, DC: June 2015), http://www.se4all.org/sites/default/files/GTF-2105-Full-Report.pdf.

Endnotes: see full version online at www.ren21.net/gsr
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MARKET AND INDUSTRY TRENDS

Bio-Heat Markets

Biomass in many forms - as solids, liquids or gases - can be
used to produce heat. Solid biomass is burned directly using
traditional stoves and more modern appliances to provide heat
for cooking and for space and water heating in the residential
sector. It also can be used at a larger scale to provide heat for
institutional and commercial premises and in industry, where it
can provide either low-temperature heat for heating and drying
applications or high-temperature process heat. The heat also can
be co-generated with electricity via combined heat and power
(CHP) systems, and distributed from larger production facilities
by district energy systems to provide heating (and in some cases
cooling) to residential, commercial and industrial customers.

The traditional use of biomass for heat involves the burning of
woody biomass or charcoal as well as dung and other agricultural
residues in simple and inefficient devices. Given the informal
nature of the supply, it is difficult to acquire accurate data on
the use of these biomass materials." However, the traditional
use of biomass in 2016 is estimated at 33 EJ; although there is
growth in absolute terms, the share of traditional bioenergy in
total global energy consumption has been falling gradually.”?
(-~ See Figure 2 in Global Overview chapter,)

Consumption of fuelwood for traditional energy uses has remained
stable since 2010, at an estimated 1.9 billion cubic metres (m3),
equivalent to around 15 EJ® The largest shares of fuelwood (as
well as other fuels such as dung and agricultural residues) are
consumed in Asia, South America and Africa* The production
of fuel charcoal for cooking (which is most common in urban
areas) has increased by an average of around 2% a year since
2010, although the rate of growth has slowed in the last few years.
Production decreased slightly in 2015, to 52 million tonnes, and a
similar quantity is estimated to have been produced in 2016."

Growth in the use of modern bioenergy for heating also has
slowed in recent years, to around 1% per year. In 2016, modern
bioenergy applications provided an estimated 13.9 EJ of heat, of
which 9.1 EJ was for industrial uses and 4.8 EJ was consumed
in the residential and commercial sectors, where it was used
principally for space heating in buildings and for cooking."® Based
on these production data, modern biomass heat capacity in 2016
increased to an estimated 311 GWn."”

Bioenergy (mostly from solid biomass) accounts for around 7%
of all industrial heat consumption, and its use in industry has not
increased in recent years.” This use is concentrated in bio-based
industries such as the pulp and paper sector, timber, and the
food and tobacco sectors. The cement industry also used larger
volumes of waste fuels (estimated at 0.5 petajoules (PJ)) in 2016
relative to previous years.”

The principal regions for industrial bio-heat are Asia (e.g.,
bagasse!, rice husks, straw and cotton stalks in India) and South
America (particularly Brazil, where bioenergy from agricultural
and wood residues is used to produce heat in the food, tobacco,
and pulp and paper industries, and bioenergy from bagasse is
used in the sugar and alcohol industries).?® North America is the
next largest user: in Canada, 22% of industrial heat was provided
by bioenergy in 2016, mostly in the pulp and paper industry.”

There are signs of reduced use of bioenergy in North America,
with stronger growth in Asia, reflecting changes in production
patterns in key industry sectors, especially pulp and paper.??

In the buildings sector, the United States is the largest consumer
of modern biomass for heat. Despite low oil prices, the US market
for woody biomass and pellet boilers remained stable in 2016.%

Europe is the largest consumer of bio-heat by region. EU member
states have promoted renewable heat in order to meet mandatory
national targets under the Renewable Energy Directive.?
Germany, France, Sweden, ltaly and Finland and Poland were
the largest producers and users in Europe in 2016.%° In Eastern
Europe, the market for bioenergy in district heating continued to
grow; in Lithuania, wood chips have overtaken natural gas as the
major fuel in district heating schemes.

The market for wood pellets for heating grew only slowly in
2016 as the mild winter in Europe - the world's largest market
- reduced demand.?”” Nonetheless, Europe accounted for
some 70% of global demand for pellets for heating, led by Italy,
Germany, Sweden and France.?®

Biogas also is used in industrial and residential heating
applications. In Europe, it is used increasingly to provide heat for
buildings (space) and industry (processes), often in conjunction
with electricity production via CHP.2® Asia leads the world in the
use of small-scale biogas digesters to produce gas for cooking
and water and space heating. For example, around 4.9 million
household and village-scale biogas plants are now present in
India, fuelled mostly by cattle dung and agricultural wastes.*°

Bio-Power Markets

Global bio-power capacity increased an estimated 6% in 2016, to
112 GW.® Generation rose 6% to 504 terawatt-hours (TWh).*? The
leading country for electricity generation from biomass in 2016
was the United States (68 TWh), followed by China (54 TWh),
Germany (52 TWh), Brazil (51 TWh), Japan (38 TWh), India and
the United Kingdom (both 30 TWh).®* (= See Figure 8,)

Although the United States remained the largest producer of
electricity from biomass sources, generation fell 2% in 2016 to
68 TWh, down from 2015 levels of 69 TWh, as existing capacity
faced increasing price competition from alternative renewable
generation sources under the Renewable Portfolio Standards of a
number of states.** However US bio-power capacity in operation
reportedly increased by 197 MW (0.5%) to 16.8 GW through the
installation of 51 small-scale generation plants,3®

In Europe, growth in electricity generation from both solid
biomass and biogas continued in 2016, driven by the Renewable
Energy Directive.®® In Germany, Europe's largest producer of
electricity from biomass, total bio-power capacity increased 2%,
to 7.6 GW, and generation was up 2.5% to 52 TWh.*” Elsewhere in
Europe, the United Kingdom's bio-power capacity increased 6%
to 5.6 GW, due mainly to large-scale generation and to continuing
growth in biogas production for electricity; however, generation
was up only 1% because increases in output from solid biomass
and anaerobic digestion were offset by reductions in generation
from landfill gas.*® In Poland, the capacity auction schemes with
dedicated tranches for municipal solid waste (MSW) plants and

i Bagasse is the fibrous matter that remains after extraction of sugar from sugar cane.
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Figure 7. Shares of Biomass in Total Final Energy Consumption and in Final Energy Consumption, by End-use Sector, 2015
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for biogas-based generation stimulated the deployment of new
bio-power capacity. As a result, bio-power capacity grew from
1.27 GW to 1.34 GW, and generation increased 50% (from 10 TWh
to 15 TWh) in 2016.%°

In China, in response to revised objectives in the 13th Five-Year
Plan, bio-power capacity rose by an estimated 13% in 2016, to
12 GW, and generation increased to an estimated 54 TWh.** The
combustion of MSW and of agricultural wastes accounted for
most of this generation.*

Elsewhere in Asia, capacity and generation rose strongly in
Japan, with bioenergy featuring in the feed-in tariff scheme.
Japan's imports of wood pellets for direct combustion and for
use in co-firing installations has grown rapidly. The country's
capacity for dedicated biomass plants reached a total of 4 GW
in 2016, and generation totalled some 38 TWh, a 5% increase
from 2015.4% In the Republic of Korea, generation rose by 44% to
8 TWh, reflecting political efforts to reduce coal use in electricity
generation by co-firing with biomass.*® India’s bio-power capacity
increased as well, with on-grid capacity up by 164 MW (up 0.3%)
to 8.3 GW, and off-grid capacity up by 18.9 MW (up 2%) to
330 MW, generation rose 8% relative to 2015, to 30 TWh.*

Brazil is the largest overall consumer of electricity and bio-power
in Latin America. The country's capacity, which grew rapidly in
2015, rose 5% in 2016, to 13.9 GW.* Generation also rose 5%, to
51 TWh.* Over 80% of the biomass-based electricity generation
in Brazil is fuelled by bagasse, which is produced in large
quantities in sugar production.*

Transport Biofuel Markets

In 2016, global biofuels production, which closely tracks demand,
increased around 2% compared to 2015, reaching 135 billion
litres.*® This increase was due largely to a rebound in biodiesel
production after a decline in 2015. The United States and Brazil
remained the largest biofuels producers by far, accounting for 70%
of all biofuels between them, followed by Germany, Argentina,
China and Indonesia.** An estimated 72% of biofuel production
(in energy terms) was fuel ethanol, 23% was biodiesel, and 4%
was hydrotreated vegetable oil (HVO).%° (= See Figure 9.)

Global production of fuel ethanol was almost unchanged between
2015 and 2016 at approximately 99 billion litres.5" The United States
and Brazil maintained their leading roles in ethanol production with
59% and 27%, respectively, of global production in 2016.% China,
Canada and Thailand were the next largest producers.®®

US ethanol production rose 3.5% to 58 billion litres during the
year.** Domestic demand was supported by the annual volume
requirements under the US Environmental Production Agency's
(US EPA) final Renewable Fuel Standard (RFS2) allocations.
Ethanol production in Brazil fell slightly, to 27 billion litres’%®
In Canada, which ranked fourth globally in 2015, production
declined 3% in 2016, to 1.7 billion litres.®

After North and South America, Asia is the third largest regional
producer of ethanol, and China is the region's largest producer.
Ranking third for ethanol production globally in 2016, China
produced an estimated 3.2 billion litres, an increase of 5% over

2015.5” About 99% of the ethanol produced annually in China
is based on conventional starch-based feedstocks. All ethanol
production and distribution is controlled by state-owned oil
companies, and only state-approved companies can carry out
blending and receive incentives and subsidies.

China's biofuels policies have focused mainly on ethanol
production. An E10 mandate is in place in 4 provinces and 27
cities, but production has been constrained and, historically, no
blending was allowed to take place outside of these areas.®® This
limitation was eased in 2016, however, and some stockpiled grain
was released for ethanol production in line with plans to boost
domestic ethanol production.®®

Elsewhere in Asia, ethanol production increased 3.9% in
Thailand to 1.2 billion litres, and in India it reached 0.9 billion litres,
encouraged by stronger policy support in the form of mandates.®°

In Europe, the next-largest producing region, ethanol production fell
6% to 4.8 billion litres in 2016.5" Production fell sharply (by 14%) in
France, one of Europe's largest producers, due to a poor grain harvest,
but grew strongly in Hungary (38%) and the United Kingdom (23%).%

Biodiesel production is more geographically diverse than ethanol,
with production spread among many countries. The leading
countries for production of fatty acid methyl ester (FAME) biodiesel
were the United States (18% of global production), Brazil (12%), and
Indonesia, Germany and Argentina (each with 10%).® Following
a significant decrease in 2015, when output was down 6.5% to
28.7 billion litres, global production rose 7.5% in 2016 to 30.8 billion
litres.®* The increase was due mainly to restored production levels
in Indonesia and Argentina and to significant increases in North
America; US biodiesel production rose 15% in 2016, reaching 5.5
billion litres in response to improved opportunities for diesel within
the RFS2.%5 In Canada, production rose 19% to 0.4 billion litres.®®

By contrast, biodiesel production in Brazil fell 3% to 3.8 billion
litres, despite an increase in the blending mandate.®” The reduction
probably resulted from a decline in demand for diesel consumption
linked to a reduced level of business activity.®® In Argentina,
biodiesel production recovered from a fall in 2015, rising 43% to
3.0 billion litres.®® This expansion was stimulated by increased
domestic demand (which accounts for around 45% of production)
and improved market prospects in the United States and Peru.”

European biodiesel production declined 5% to 10.7 billion litres.”
Germany was again the largest European producer (3.0 billion
litres), followed by France (1.5 billion litres).”? Production fell by
11% in both of these countries but increased in Spain (1.1 billion
litres, up 1%) and Poland (0.9 billion litres, up 8%).”®

In Asia, after a significant decline to 1.7 billion litres in 2015, Indonesian
production rose 76% to 3.0 billion litres in 2016, boosted by a number
of measures aimed at stimulating a domestic market and at making
Indonesia the region’s largest producer again” China's biodiesel
production fell an estimated 10%, to 0.3 billion litres, due to reduced
diesel fuel use (linked to a slowdown in industrial activity) and an
absence of widespread blending mandates.”

Global production of HVO grew some 22% from 4.9 billion
litres to 5.9 billion litres.’® Production was concentrated in the
Netherlands, the United States, Singapore and Finland.””

i Recently published information indicates that the Brazilian ethanol production is 1.7 billion litres higher than earlier information indicated.




The production and consumption of biomethane as a transport
fuel also continued to increase during the year. In the United
States, for example, consumption grew nearly six-fold between
2014 and 2016, when biomethane provided the equivalent
of 188 million gallons (712 million litres) of ethanol equivalent
(151 PJ).”® Conversion of biomass to biomethane was stimulated
by the 2014 EPA ruling on the RFS2, which increased incentives
for biomethane by promoting it to an advanced cellulosic biofuels
category.”® As a result of this substantial growth, in 2016 the United
States overtook the other significant markets for biomethane in
transport - Sweden and Germany - which together consumed
an estimated 6.4 PJ of biomethane fuel in transport.®°

BIOENERGY INDUSTRY

The bioenergy industry includes feedstock suppliers and
processors; firms that deliver biomass to end-users; manufacturers
and distributors of specialist biomass harvesting, handling
and storage equipment; and manufacturers of appliances and
hardware components designed to convert biomass to useful
energy carriers and energy services. Industry, with support from
academia and governments, also is making progress in bringing
new technologies and fuels to the market.

Solid Biomass Industry

A very diverse set of industries is involved in delivering, processing
and using solid biomass to produce heat and electricity, ranging
from the informal supply of traditional biomass, to the locally
based supply of smaller-scale heating appliances, to regional and
global players involved in large-scale district heating and power
generation technology supply and operations.

In Europe, the trend to convert large-scale power station capacity
from coal to wood pellets continued. For example, in Denmark, a
360 MW unit of a power station in Aarhus was converted from coal to
run on wood pellets, which will supply biomass-based heat to more
than 100,000 homes and electricity to about 230,000 homes ' In the
United Kingdom, Drax received European Commission approval to
convert a third unit of its coal-fired plant to run on wood pellets.®?

In both Japan and the Republic of Korea, wood pellet imports rose
during the year, reflecting the rapidly increasing use of bioenergy
for co-firing with coal in power generation. Japan imports 300,000
tonnes per year of industrial pellets, 70% of which come from
Canada, along with 600,000 tonnes of palm kernel shells from
Vietnam and other South-Eastern Asian countries.®

The global market for wood pellets for industrial (mostly power
station) use and heating use has continued to expand. Demand in the
industrial sector reached some 13.8 million tonnes in 2016.%4 A similar
quantity (around 14 million tonnes) of pellets went to heating markets
(individual houses and district heating), notably in Italy, Germany and
Sweden.®® The wood pellet heating market has grown steadily at a
rate of nearly 1 million tonnes per year over a 10-year period.®®

The United States is the largest exporter of wood pellets. In 2016, US
manufacturers produced approximately 6.9 million tonnes of wood
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pellets and exported 4.8 million tonnes.®” During the first half of 2016,
85% of exported pellets were sold to the UK Drax plant.®® Canadian
exports also rose 47% in 2016 to 2.5 million tonnes.® Latvia, Europe’s
largest producer, exported 1.9 million tonnes mainly to Denmark and
the United Kingdom, as well as to Sweden and lItaly.®

Along with some large-scale plants designed to provide supply
chain security to particular users (such as Drax), the pellet industry
mostly comprises independent producers and is based around
sawmill operations.®' For example, 142 pellet plants are operational
in the United States and 58 in Canada.®> However, there are signs
of industry consolidation. In the EU, for example, Graanul (Estonia)
was the largest producer in 2016, with 11 pellet plants across
Estonia, Latvia and Lithuania.®

The sustainability of bioenergy, and particularly of the large-scale
use of pellets derived from wood, continues to be a controversial
issue.®* The European Commission, in its proposals for a new
Renewable Energy Directive launched in November 2016,
stated its intent to reinforce mandatory sustainability criteria for
bioenergy by extending the scope to cover solid biomass and
biogas for heating and cooling and electricity generation.®® As of
2016, such mandatory criteria applied only to biofuels, although
member states can introduce criteria for the heat and electricity
sectors, as the United Kingdom and Denmark have done.%

The torrefaction of wood enables the production of pellets with
a higher energy density and results in a product compatible
with systems designed for coal. Although commercialisation of
the technology has been slower than expected, some promising
developments occurred in 2016. For example, Airex Energy
(Canada) started producing torrified pellets at its Bécancour plant in
Canada, with a capacity of 15,000 tonnes per year.® Finnish company
Biopower Oy invested USD 74-84 million (EUR 70-80 million) to build
a bio-coal plant in Mikkeli, Finland that will produce 200,000 tonnes of
bio-coal pellets annually and is due to come online in 2017-18.%°

Liquid Biofuels Industry

Liquid biofuel production is concentrated among a small number
of large industrial players with dominant market shares. These
include ethanol producers Archer Daniels Midland (ADM), POET
and Valero in the United States, and Copersucar, Oderbrecht
(ETH Bioenergia) and Raizen in Brazil.°®® A number of large-scale
companies with fossil fuel backgrounds (such as Shell, Neste and
Honeywell UOP) and from bio-based industries (such as UPM
from the pulp and paper sector) are engaged in developing and
producing new biomass-based fuels.”!

New patterns of trade for ethanol are developing, particularly with the
rise in both demand and production in China. In 2015, China became
a major importer of ethanol from the United States; US exports to
China rose 2.4-fold in 2016.°? Indigenous Chinese production also
increased, based on high stocks of grains. China recently introduced
an import tax on ethanol to support domestic production, and as of
2016 the country was exporting ethanol to some Asian markets,%3

Net imports of biodiesel to the United States more than doubled
between 2015 and 2016 (from 1.0 billion to 2.3 billion litres). 4

i The US Department of Agriculture (USDA) defines bio-coal as "A biomass fuel processed by torrefaction of agricultural wastes such as wood residues
into a high density, energy-concentrated fuel product in the form of pellets or briquettes". USDA, National Agricultural Library, "Glossary: Biocoal",
https://agclass.nal.usda.gov/mtwdk.exe?k=glossary&l=60&w=1439&n=1&s=5&t=2.

»°

Renewable Energy

Policy Networ

for the 21st Century

o~
~

49


https://agclass.nal.usda.gov/mtwdk.exe?k=glossary&l=60&w=1439&n=1&s=5&t=2

MARKET AND INDUSTRY TRENDS

Argentina was a leading supplier of this increase: the country has
significant biodiesel production capacity, and since 2010 it has
been supplying markets in the EU as well as in the United States,
Peru and other countries. Despite growing domestic demand,
however, Argentina’s biodiesel manufacturing capacity has been
underutilised (at 40-55%) since 2013, when the EU imposed a
heavy import tax on Argentinian biodiesel.”°®

In Africa, despite significant potential and attempts in some countries
to design biofuels strategies, development of production has been
slow, held back in part by problems in accessing appropriate
technology®® Some promising developments have occurred,
however; for example, Nigeria launched a national biofuels strategy
in 2016/ The Nigeria National Petroleum Corporation (NNPC)
announced plans to set up a biorefinery that will use agricultural
products to produce ethanol and other products, and Union Dicon
Salt has agreed to a joint project with Delta State (Nigeria) to plant
100,000 hectares of cassava and to build an ethanol processing plant
that will produce 22,000 litres a day along with starch products.®®
Biofuels Nigeria also is planning to build a biodiesel plant in Kogi
State using jatropha as feedstock.®® In South Africa, Ethala Biofuels
announced plans for a sweet sorghum biorefinery project that will
produce ethanol and other products.™

In 2016, worldwide efforts to demonstrate the production and use
of advanced biofuels were expanded. The aim of developing and
commercialising advanced biofuels is three-fold: first, to produce
fuels that can provide more life-cycle carbon savings than some
biofuels produced from sugar, starch and oils; second, to produce
fuels with less impact on land use (e.g., from wastes and residues),
thereby reducing indirect land-use change impacts and also
reducing competition for food or for productive agricultural land;

and finally, to produce biofuels with properties that enable them
to directly replace fossil fuels in advanced transport systems
such as aviation engines, or to be blended in high proportions
with conventional fuels (“drop-in biofuels”). A number of routes
are under development to produce advanced biofuels in the form
of ethanol, butanol, diesel jet fuel, gasoline, methanol and mixed
higher alcohols from an array of feedstocks.™ (- See Figure 10.)

The market for new biofuels in 2016 was led by HVO, followed
by ethanol from cellulosic materials such as crop residues and
by fuels from thermochemical processes including gasification
and pyrolysis.™ Production of fuels from HVO (including used
cooking oil (UCO), tall oil' and others) increased greatly in
2016, mostly because capacity that had been announced or
commissioned in 2015 came fully online and improvements
were made in production efficiency.™ For example Neste, which
owns three large-scale renewable HVO diesel production
facilities in Singapore, the Netherlands and Finland, announced
plans to increase its production to 2.6 million tonnes (3.3 billion
litres) by 2017 by improving productivity at these existing sites
rather than adding new locations.™ The US Renewable Energy
Group, which has 14 production sites in the United States and
Germany, announced that its cumulative biodiesel production
had exceeded 2 billion gallons (7.6 billion litres) early in 2017.1

Plans were announced in 2016 for the construction of several
additional cellulosic ethanol manufacturing plants, which will
extend the geographical coverage of production outside the United
States and Europe. Italy's Beta Renewables (which operates the
Crescentino cellulosic ethanol plant in Italy) engaged in further
joint-venture projects in the United States, Brazil, China and the
Slovak Republic.™ In Finland, North European BioTech Oy was

i Tall oil is a mixture of compounds found in pine trees and is obtained as a byproduct of the pulp and paper industry.

Figure 10. Some Conversion Pathways to Advanced Biofuels
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Source: See endnote 111 for this section.
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developing advanced ethanol production plants in Pietarsaari and
Kajaani; once in operation, these plants will be able to produce
50 million litres each of advanced ethanol per year using softwood
sawdust, recycled wood and other forestry wastes and residues.™

In Asia, DuPont (United States) signed a licensing agreement with
New Tianlong Industry Company Ltd. (China) to begin construction
of China's largest cellulosic ethanol manufacturing plant, to be located
in Siping City.™ India Glycols opened India’s first cellulosic plant in
Kashipur, which runs on wood chips, cotton stalk, cane bagasse,
maize stover and bamboo.™ Also in India, during 2016, memoranda of
understanding relating to five additional cellulosic ethanol plants were
finalised.”® In Thailand, Toray and Mitsui (both of Japan) announced
plans to build a large-scale plant to convert sugar bagasse to ethanol;
the facility is expected to come online in August 2018.”!

Commercialisation of thermal processes such as pyrolysis
and gasification also advanced in 2016. Enerkem (Canada)
commissioned a commercial-scale plant in Edmonton, Canada
based on the gasification technology and ethanol synthesis
technology demonstrated at the company’s Westbury plant. The
Edmonton plant uses 300 tonnes per day of sorted municipal
waste to produce methanol, and a facility allowing ethanol
production was being constructed as of 2016.%? Also in 2016, the
Altair Renewable Jet Fuel Project in the US city of Los Angeles
began producing “drop-in" biofuels via Honeywell UOP's
Renewable Jet Fuel Process in a retrofitted part of an existing
oil refinery. The plant, which uses vegetable oils, animal fats and
greases as feedstocks, is capable of producing 2,500 barrels
(015 billion litres) per day of bio-jet fuel.”?®

Strong interest in the development of aviation biofuels continued
in 2016, although quantities remained relatively small and mostly
for demonstration use.” By the end of the year, the American
Society for Testing and Materials (ASTMY) had certified two
additional technology pathways to produce bio-jet fuels, bringing
the total to five?® Several aircraft manufacturers have been
instrumental in the development of bio-jet fuels, including Airbus
and Boeing. In addition, a number of air carriers worldwide
continued to use biofuels in 2016, including Aeromexico, Alaska
Airlines, British Midland, FedEx, Finnair, Gol, KLM, Lufthansa,
Qatar Airways, Scandinavian Airlines (SAS), Southwest Airlines
and United Airlines.””® Several voluntary initiatives at the local
and regional levels have sought to establish bio-jet supply chains
at specific airports, such as the supply of bio-jet fuel to Arlanda
airport In Stockholm, Sweden by SkyNRG and Air BR'? The US
Air Force also continued to actively develop bio-aviation fuels
for defence purposes, working with a number of companies to
establish production facilities, and the US Navy continued with
its Great Green Fleet initiative during 2016.728

In the marine sector, an initiative was established In the
Netherlands to develop sustainable drop-in biofuels (similar to
UPM's wood-derived product) for marine applications.”® The
Maersk Group (Denmark) is testing biofuels and other alternatives
in larger ships and has a dedicated container ship for the purpose
of testing biofuels derived from a wide variety of sources.™ In Italy,
ENI provided biodiesel prepared using the company's Ecofining
process for the Italian navy's offshore patrol vessel Foscari.®'

| S— P

Gaseous Biomass Industry

Most biogas production occurs in the United States, where it is
based predominantly on the collection of landfill gas, and in Europe.
Production in Europe is focused more on the anaerobic digestion
of agricultural wastes, including animal manures, and increasingly
on the digestion of recovered food wastes (for example, in Sweden
and the United Kingdom).*2 Other regions, including Asia and Africa,
were taking up the technologies as of 2016. Growth rates have been
higher in these new regions, albeit from a low starting level

Expanding markets for biogas and biomethane are stimulating
commercial activity worldwide. In response to the recent growth
of biomethane as a transport fuel in the United States under RFS2,
BP announced that it will buy the bio-methane business owned
by Clean Energy Fuels for USD 155 million (EUR 147 million).’*
In Europe, waste management firm Suez bought a 22% stake in
biogas producer Prodeval, which developed a high-performance
membrane purification process for biomethane production.'®
Meanwhile, strong growth in the market for biogas facilities has
led to Xergi, a supplier and builder of such systems, being named
one of the fastest growing businesses in Denmark.'*

In India, where biogas capacity is estimated at 300 MW, many
industrial processes now produce biogas, driven by strong water-
quality standards that limit the release of effluents into waterways.*” In
other parts of Asia, there is a similar trend to produce and use biogas
obtained by treating liquid effluents and wastes. In late 2016, Green
& Smart Holdings (Malaysia) announced the start of operations of its
first biogas-based power plant (2 MW), which runs on palm oil mill
effluent and will export electricity to the national grid.”*®

In Africa, biogas production has continued to expand, largely from
municipal and agricultural wastes. In South Africa, renewable
energy developer New Horizons teamed with gas firm Afrox to
open an energy-from-waste biogas plant near Cape Town, at a
cost of USD 29 million (ZAR 400 million).*® In Kenya, the country's
first biogas-powered grid-connected CHP plant commenced
generation at a commercial farm, producing 2 MW of electricity and
enough heat to cultivate 704 hectares of vegetables and flowers,
with enough surplus power to supply 5,000 to 6,000 rural homes.*®

i ASTM certification is required before commercial airlines can use a fuel for an international flight.
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GEOTHERMAL POWER AND HEAT

GEOTHERMAL MARKETS

Geothermal resources provide electricity and thermal energy
services (heating and cooling). In 2016, the estimated electricity
and thermal output from geothermal sources was 567 PJi
(157 TWHh), with each providing approximately equal shares!
Some geothermal plants produce both electricity and thermal
output for various heat applications.

An estimated 0.4 GW of new geothermal power generating
capacity came online in 2016, bringing the global total to an
estimated 13.5 GW.? Indonesia and Turkey were in the lead for
new installations. Kenya, Mexico and Japan also completed
projects during the year, and several other countries had projects
under development.® (- See Figure 11.)

The countries with the largest amounts of geothermal power
generating capacity at the end of 2016 were the United States
(3.6 GW), the Philippines (1.9 GW), Indonesia (1.6 GW), New
Zealand (1.0 GW), Mexico (0.9 GW), ltaly (0.8 GW), Turkey
(0.8 GW), Iceland (0.7 GW), Kenya (0.6 GW) and Japan (0.5
GW).4(= See Figure 12,)

Indonesia added about 200 MW of new capacity in 2016, ending
the year with 1.64 GW.° By early 2017, the country also had started
commercial operations at the 110 MW Sarulla plant, one of the
largest geothermal plants in the world. The plant is notable for
being a combined-cycle operation, analogous to a Turkish plant
coming online in 2017, where conventional flash turbines are
supplemented with a binary system to extract additional energy
from the post-flash turbine steam, maximising energy extraction
and efficiency.®

Existing capacity in Indonesia is estimated to be less than 6%
of the country's total geothermal power potential, and Indonesia
aims for continued rapid development of these resources.” To

facilitate progress, as of early 2017 the government had plans to
mitigate the risks of exploration and development by mapping
the country's geothermal resources, and was considering a
feed-in tariff to provide a predictable fixed price for geothermal
energy to further reduce risk to project developers.®

Following the opening of 10 plants in 2015, Turkey added at least
another 10 new geothermal power plants in 2016, increasing
capacity by about 200 MW for a total of 821 MW.® With so much
additional capacity online, the country has seen continued
rapid growth in electricity generated from geothermal energy;
generation rose 25% in 2016 alone, to 4.21 TWh.® All the new
plants were binary Organic Rankine Cycle (ORCH) units, with
capacity of up to 25 MW each." Turkey also is developing projects
with conventional flash turbine technology that is suitable for the
country's remaining high-temperature resources. For example,
the 70 MW Unit 2 of the Kizildere Ill plant, to be operational in
2017, will combine a 51 MW flash-steam turbine to harness high-
pressure steam with a 19 MW binary-cycle unit to capture usable
energy from the flash turbine's exhaust stream.”?

Kenya completed a 29 MW addition at the Olkaria Ill complex in
2016, increasing the facility's capacity to 139 MW."® At year's end,
Kenya's total operating capacity was about 630 MW.™

In Mexico, a 25 MW condensing flash unit was added to the
Domo San Pedro plant, taking over from two 5 MW temporary
wellhead units that were installed in 2015 to get production under
way.”® The net addition of 15 MW brought Mexico's total capacity
to about 950 MW. This plant is the first private geothermal project
in the country, but another was in the early stages of exploratory
drilling as of early 2017 Mexico awarded three additional
exploration permits in 2016 to private Mexican companies under
the country's new Geothermal Energy Law, which governs the
exploration and use of geothermal resources.”

Japan's progress on geothermal development has been mixed,
with competing desires for alternatives to fossil and nuclear
fuels on one hand, and concerns about safety and potential
unintended economic and environmental consequences on the
other. A combination of a higher FIT and an exemption from
environmental impact assessments for small plants (less than
7.5 MW) has encouraged interest in small-scale geothermal
power projects in Japan.'® A small geothermal facility in Tsuchiyu
was completed in 2015, and at least one small ORC generator
came online in 2016. However, as of early 2017 the country had
no large-scale projects under development.’®

Another small project in Japan's Fukushima prefecture was in
the planning stage during 2016, but not without apprehension
from local business interests.?® Many hot spring resort owners
and local governments in Japan are concerned that development
of geothermal power projects will put such businesses at risk.”!
To alleviate these concerns, in 2016 the national government
established an expert advisory committee to provide information
on geothermal energy development to local governments. The

i This does not include the renewable final energy output of ground-source heat pumps. (= See Enabling Technologies chapter.,)

i Ina binary plant, the geothermal fluid heats and vaporises a separate working fluid that has a lower boiling point than water; the fluid drives a turbine for
power generation. Each fluid cycle is closed, and the geothermal fluid is re-injected into the heat reservoir. The binary cycle allows an effective and efficient
extraction of heat for power generation from relatively low-temperature geothermal fluids. ORC binary geothermal plants use an organic working fluid, and
the Kalina cycle uses a non-organic working fluid. In conventional geothermal power plants, geothermal steam is used directly to drive the turbine.
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Figure 11. Geothermal Power Capacity Additions, Share by Country, 2016
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Figure 12. Geothermal Power Capacity and Additions, Top 10 Countries, 2016
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government also announced plans to cover some of the initial
costs of exploratory drilling and data gathering to address
development risk.?

Project development and other geothermal activities were under
way in several other countries during 2016, including the United
States. Although the country saw no net increase in geothermal
capacity, leaving the total at 3.6 GW (2.5 GWhe), electricity
generation increased by 9.4% relative to 2015, to 17.4 TWh.?* The
United States has about 0.8 GW of ongoing projects that are
likely to be operational by 2020, and another 0.9 GW of projects
that are under development with the potential to come online
if small hurdles are overcome.?* However, progress is reportedly
constrained by an unfavourable regulatory environment and by
competition from relatively low natural gas prices.?

The Philippines is second only to the United States for total
geothermal power capacity in operation. No capacity was brought
online in 2016, and the country’s geothermal industry association
called for FITs for geothermal power, similar to those granted
to other renewables, to spur development of more-challenging
low-temperature  resources.®® Low-temperature  resources
may require deeper drilling and the application of binary-cycle
technology, which increases development risk and the ultimate
cost of produced energy.?’ In early 2016, the Asian Development
Bank (ADB) announced plans to back the first Climate Bond in
Asia and Oceania, in the form of a 75% guarantee of principal
and interest on a USD 225 million bond, specifically for the
refurbishment of the Philippines’ Tiwi and Mak-Ban geothermal
facilities.?®

In China, the central government plans to increase the sustainable
use of geothermal energy in cities to reduce local air pollution
and greenhouse gas emissions.?® As of 2015, China had less than
30 MW of geothermal power capacity, mostly in Tibet, but the
country's 13th Five-Year Plan for geothermal energy calls for an
additional 500 MW by 2020.°

Unlike many of its Asian neighbours, Malaysia had no
geothermal plants in operation by end-2016. This will change
upon completion of a 30 MW plant under construction in the
state of Sabah on the island of Borneo.®' To support the nascent
geothermal energy development in Malaysia, in 2016 the
government was in the process of establishing a Geothermal
Resource Centre to create a platform for collaboration with
foreign institutions, to bring together stakeholders and specialists
in geothermal energy and to offer training in related sciences.*

Croatia also initiated construction of its first-ever geothermal
power project in 2016.% This 16 MW binary plant will utilise the
170°C geothermal brine and steam from the Pannonian basin,
one of the key geothermal areas in Europe.®*

Ethiopia shares the geothermal riches of the Great Rift Valley
with Kenya, but limited development has occurred to date, with
about 7 MW in place.® However, in 2015, the country pushed
the agenda by signing a 500 MW PPA for the first phase of the
Corbetti project, which is expected to be built in two stages
within 8 to 10 years.*® The International Finance Corporation has
worked with Ethiopia to enact regulations to facilitate private

investor engagement in geothermal projects.®” In 2016, Ethiopia
reclassified geothermal resources as renewable energy, making
geothermal energy use exempt from royalty payments that are
exacted from extractive mineral resources under the country's
mining laws.%®

Many of the islands of the Caribbean are volcanic and have the
potential to displace costly fuel imports with local geothermal
energy. In 2016, the Abu Dhabi Fund for Development announced
a new loan to St. Vincent and the Grenadines for the construction
of a 15 MW geothermal power plant that is expected to reduce
power costs, provide local jobs and improve the reliability of
electricity service.®® Later in the year, New Zealand signed a
partnership agreement with the Commonwealth of Dominica,
pledging to support the construction of a 7 MW geothermal plant
on the island.*® Plans also are under way to expand an existing
10 MW plant on the island of Guadeloupe.*

Geothermal direct use - direct thermal extraction for heating
and cooling, excluding heat pumps' - was estimated to be
286 PJ (79 TWh) in 2016, based on historical growth rates for various
geothermal heat applications, which suggests that an estimated
1.3 GWw of capacity was added in 2016, for a global total of
23 GW.“ Direct use capacity has grown by an annual average of
6% in recent years, while direct heat consumption has grown by an
annual average of 3.5%.* The difference is explained in part by rapid
growth in geothermal space heating (7.1% annually), which exhibits
below-average capacity utilisation.*

i Direct use refers here to deep geothermal resources, irrespective of scale, as distinct from shallow geothermal resource utilisation, specifically by use of
ground-source heat pumps. (- See Heat Pumps section in Enabling Technologies chapter.)
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The single largest direct use application is estimated to be
swimming pools and other public baths, followed by space
heating (including district heat networks).** These two broad
markets command around 80% of both direct use capacity and
consumption. The remaining 20% of direct use capacity and heat
output is for applications that include domestic hot water supply,
greenhouse heating, industrial process heat, aquaculture, snow
melting and agricultural drying.®

China utilised the largest amount of direct geothermal heat
(20.6 TWh) in 2015.47 Other top users of direct geothermal
heat are Turkey (125 TWh), Iceland (7.4 TWh), Japan
(71 TWh), Hungary (27 TWh), the United States (2.6 TWh)
and New Zealand (2.4 TWh).*® These countries accounted
for approximately 70% of direct geothermal use* As of
2015, the countries with the largest geothermal direct use
capacity were China (6.1 GWi), Turkey (2.9 GWw), Japan
(2.1 GWh), Iceland (2.0 GW), India (1.0 GWin), Hungary (0.9 GWh),
Italy (0.8 GWi) and the United States (0.6 GWn).%° Together,
these eight countries accounted for about 80% of total global
capacity.”

Several EU countries have added direct use capacity through
the continued expansion of geothermal district heating. Between
2012 and 2016, 51 new or renovated geothermal district heating
plants were completed in the EU, adding about 550 MW of
capacity.®? In 2016, Europe had more than 260 geothermal district
heating systems, including co-generation systems, with a total
installed capacity of approximately 4 GWwn. The main markets
are France, the Netherlands, Germany and Hungary.*®* One of
the projects that started operations during the year is a 20 MW
plant for district heating in the city of Munich.** The plant is the
latest of many small-scale geothermal facilities in Bavaria that
use relatively low-temperature resources, often to produce both
heat and power.*®

In France, geothermal district heating is extending beyond the
Paris metropolitan area, which has seen significant development
of these systems in recent years. In early 2017, the city of Bordeaux
issued a contract to develop geothermal resources to serve the
bulk of the heating needs of about 28,000 homes.¢ In addition,
the use of geothermal heat is spreading to the French industrial
sector. In 2016, a 24 MW enhanced geothermal plant opened in
Rittershoffen, in the Upper Rhine Valley.’” The plant is reported
to be the country’s first high-temperature (greater than 150°C)
geothermal facility supplying industrial process heat; the heat is
extracted from a 170°C aquifer at a depth of 2.5-3.0 kilometres.®®
The Rittershoffen project benefited from lessons learned from the
nearby pioneering enhanced geothermal system (EGS) power
plant at Soultz-sous-Foréts. Chemical and hydraulic stimulations
of the field did not result in notable induced seismic activity.®®

Development of geothermal for heat also continued in China,
where direct use of geothermal energy covered slightly more
than 100 million square metres (m?) of heated space as of 2015.%°
China’s central government envisions a significant increase, in
pursuit of the sustainable use of geothermal resources to reduce
air pollution while also protecting water resources. Under the 13th
Five-Year Plan, China aims to increase direct use of geothermal
heat by another 400 million m? by 2020.'

GEOTHERMAL INDUSTRY

The geothermal industry continued to face challenges in 2016,
burdened by the inherent high risk of geothermal exploration
and project development, the associated lack of risk mitigation,
and the constraints of financing and competitive disadvantage
relative to low-cost natural gas. Yet the industry made progress
with new project development in key markets, and industry
leaders cemented partnerships to tackle new opportunities.

Progress on the development of geothermal energy around the
world has been constrained, in part, by a lack of clear resource
assessment standards. To help address this challenge, in 2016
new geothermal specifications were completed under the
UN Framework for Fossil Energy and Mineral Reserves and
Resources. The framework’s objective is to harmonise standards
for reporting geothermal resources in a manner similar to other
extractive industries worldwide, for the benefit of investors,
regulators and the general public.5?

The industry is sensitive to trends in oil and natural gas prices. Low
oil and gas prices tend to reduce global demand for drilling rigs
for oil and gas exploration, which can have a positive effect on the
geothermal industry by reducing the associated costs of geothermal
exploration and the development of new fields.®® Conversely, low
fossil fuel prices in general, and natural gas prices in particular, tend
to reduce the competitiveness of geothermal heat and power.5

In late 2016, Chevron Corporation (United States), one of the
world's largest operators of geothermal facilities, announced
its intention to sell its geothermal assets in Indonesia and
the Philippines. These include the Darajat and Salak fields in
Indonesia and the Tiwi and Mak-Ban plants in the Philippines.%®
The purchase of the Indonesian plants (637 MW in total) by a
consortium of holding companies in the Philippines and Indonesia
was completed in April 2017, with the acquisition of the remaining
assets (747 MW in total) pending regulatory approvals.®®
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Some top technology providers have formed partnerships in
recentyearsto pursue projects jointly. In 2015, Ormat Technologies
(United States) and Toshiba Corporation (Japan) reached a
strategic agreement to join Ormat's binary technology and
Toshiba's flash technology in a combined-cycle configuration.®”
In 2016, Mitsubishi Hitachi Power Systems Ltd., formed by the
2014 merger of the thermal power divisions of Mitsubishi (Japan;
parent company of Turboden, Italy) and Hitachi (Japan), won
an order for a 55 MW turbine in Costa Rica.®® The company
anticipated that Japan's International Cooperation Agency would
pave the way for projects in all major geothermal power markets
through low-interest loans for exploration and development.®®

Technology advances continued during 2016 and into 2017. In early
2017, after 176 days of drilling, the Icelandic Deep Drilling Project
achieved a significant milestone for the geothermal industry with
the completion of its 4,659-metre-deep borehole on the Reykjanes
Peninsula. The well successfully found supercritical fluid at a
temperature of 427°C, with promising characteristics for energy
production. The project aimed to investigate the feasibility of finding
and utilising supercritical hydrothermal fluids, which modelling
suggests could have 10 times the power output of a conventional
geothermal well, potentially allowing for improved economics and
reduced environmental impact per unit of energy produced.”

Also in Iceland, methods have been developed to reinject to the
ground both carbon dioxide and hydrogen sulphide (HS) for
sequestration in mineral form.” Together, CO2 and H.S comprise
more than 80% of the off-gases at the country’'s geothermal
plants.” In Iceland’s CarbFix project, more than 95% of injected
CO:2 has become bound as carbonate minerals within a period
of two years, faster than was predicted.”® Alternatively, once
separated from other gases, the CO. can be made available
to local commercial interests, such as greenhouses and algae
producers.™

Because the CO. concentrations in geothermal gases can be
significant, some experts are concerned about the potential
greenhouse gas impact of open-loop geothermal power

generation, although emission rates depend on local geology and
operating conditions. In California, CO2 emissions from geothermal
power plants are significantly lower per kilowatt-hour (kWh) than
those from coal- or natural gas-fired plants — emissions have been
estimated at less than 0.2 kilograms per kWh from flash steam
geothermal plants and about 0.03 kilograms per kWh for dry
steam geothermal plants (all open-loop)'.®

|rr

In Turkey, by contrast, studies have found that a “typical” open-
loop 50 MW geothermal plant emits 1kilogram of CO2 per kWh, or
approximately 1,200 tonnes per day, probably due to high levels of
dissolved calcite in the country's geothermal reservoirs.”® In some
instances, CO2 emissions from geothermal power generation in
Turkey may be double those from coal-fired power plants.” It has
been postulated that this might place future projects in Turkey at
odds with the environmental criteria of development agencies,
including the developing criteria for green bonds.® Efforts are
under way to study means to capture the CO. from Turkey's
geothermal plants for commercial use.”

Some technology advances have promised to expand the
application of geothermal power. In the US state of Utah, the
world's first geothermal-hydro plant hybridisation was realised
when Enel S.p.A. (ltaly) started operating a hydro-generator
in a geothermal injection well during 2016. As a result, the
25 MW Cove Fort plant captures the energy of the geothermal
brine flowing back into the earth, increasing plant efficiency.® In
North Dakota, a first-of-its-kind geothermal power project was
launched during the year, utilising hot water that flows naturally
from petroleum production wells to co-produce electricity. The
sheer number of oil- and gas-producing wells at the site means
that the energy production potential is significant.®'

Research continued in the field of enhanced (or engineered)
geothermal systems (EGS) during 2016, particularly in the United
States, where government-funded research has aimed to realise
commercial, cost-competitive power production.t? The common
feature among all the most productive geothermal regions of
the world is naturally occurring hydrothermal activity, defined
by the presence of high heat, geothermal fluid and permeability.
To achieve economical geothermal production elsewhere, or
to enhance production at existing locations, fracturing of sub-
surface rock formations can create the needed permeability
to form a productive geothermal reservoir, which is known as
EGS.® In other instances, adequate permeability may exist in hot
sedimentary aquifers, but fracturing may be needed to ensure
adequate well productivity.®

An example of an EGS project is the Rittershoffen project in
France, mentioned above; this facility is a thermal application,
but such systems also can be used to generate electricity with
the use of binary-loop technology. EGS has been identified as
a key to expanding the potential of geothermal heat and power
production worldwide.®®

i Stand-alone closed-loop binary cycle power plants can avoid significant venting of CO2 and other pollutants from the geothermal fluid.
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HYDROPOWER MARKETS

Global hydropower capacity additions in 2016 are estimated to
be at least 25 GW, with total capacity reaching approximately
1,096 GW!' The top countries for hydropower capacity are China,
Brazil, the United States, Canada, the Russian Federation, India
and Norway, which together accounted for about 62% of installed
capacity at the end of 2016.2 (> See Figure 13 and Reference
Table 5.) Global hydropower generation was estimated to be
4,102 TWh in 2016, up about 3.2% over 2015.° Global pumped
storage capacity (which is counted separately) was an estimated
150 GWi at year's end, with about 6.4 GW added in 2016.

More than one-third of new hydropower capacity was
commissioned in China. After China, the countries adding the
most capacity in 2016 were Brazil, Ecuador, Ethiopia, Vietnam,
Peru, Turkey, Lao PDR, Malaysia and India.® (= See Figure 14,
China also was the leading installer of pumped storage capability
during the year, followed by South Africa, Switzerland, Portugal
and the Russian Federation.®

China added 8.9 GW of hydropower capacity in 2016 for a year-
end total of 305 GW.” In addition, 3.7 GW of pumped storage
capacity was completed for a total of 27 GW.® Hydropower
generation in China continued its upwards trend, rising about 6%
to 1,193 TWh, due in part to improving hydrological conditions.®
Projects completed in 2016 represent an investment of USD 8.8
billion (CNY 61.2 billion), down 22.4% from 2015; as such, 2016
marked the fourth consecutive year of decline!® China's 13th

Five-Year Plan for Hydropower Development envisions significant
additional deployment of hydropower capacity (rising to 340 GW
by 2020), as well as pumped storage (rising to 40 GW) to support
the country's overall power infrastructure.”

In Brazil, hydropower capacity increased by 5.3 GW (5.8%),
including 5.0 GW of large-scale' (greater than 30 MW) capacity,
for a year-end total of 96.9 GW.”? Brazil's hydropower output
increased 7.4% over 2015, to 410 TWh, thanks to improved
hydrological conditions in 2016 following several years of
drought-induced decline. The improved hydropower production,
combined with a significant increase in wind power generation,
allowed the country to reduce output from thermal power plants
by 30% relative to the previous year.®

The final three units (totalling 1,092 MW) of Brazil's 1.82 GW Teles
Pires plant came online in August.* In addition, about one-sixth
of the 11.2 GW Belo Monte plant was completed, with three of the
larger 611 MW turbines installed during the year; the remainder
of the facility is expected to be finished by 2019.® Among other
notable projects commissioned was the 3.75 GW Jirau plant, with
the 10 remaining units (75 MW each) installed in 2016."°

Ecuador ranked third for newly installed hydropower capacity.
Two large projects started operations, nearly doubling the
country's hydropower capacity.” The 1.5 GW Coca Codo facility
and the 487 MW Sopladora plant are expected to meet nearly
half of the country’s electricity needs and could allow Ecuador
to export electricity to neighbouring Colombia.® To the south,
Peru also brought online two significant projects in 2016. The
525 MW Cherro del Aguila facility and the 456 MW Chaglla plant
expanded Peru’s hydropower capacity by almost one-quarter, to
5.2 GW.®

In Africa, Ethiopia reached a significant milestone in 2016. The
remaining 1.5 GW of Ethiopia's Gibe Ill came online, marking
the completion of this 1.87 GW plant.?® The plant nearly doubles
the power generating capacity of the country and is expected
to serve about half its output to neighbouring countries Kenya,
Sudan and Djibouti.?’ To accommodate power exports, Ethiopia
also is building a transmission interconnection with Kenya to be
completed in 2018, along with internal transmission upgrades to
improve poor grid reliability at home.??

Several other countries, all in Asia, added significant hydropower
capacity - including Vietnam, Lao PDR, Malaysia, Turkey
and India. Vietnam ranked fifth worldwide for additions,
commissioning a total of 11 GW, for a cumulative 16.3 GW of
capacity in operation.?®> The two remaining units of the 1.2 GW
Lai Chau plant were connected to the grid, following the first
unit coming online in 2015. In addition to generating hydropower,
this plant is expected to regulate flows for flood protection and
water supply during the dry season.?* Also online in 2016 was

Unless otherwise specified, all capacity numbers exclude pure pumped storage capacity if possible. Pure pumped hydro plants are not energy sources but

means of energy storage. As such, they involve conversion losses and are powered by renewable and/or non-renewable electricity. Pumped storage plays
an important role in balancing power, in particular for variable renewable resources.

i This total may include some "mixed"” plants that incorporate pumping capability alongside net incremental generation from natural inflows (open loop) and,

as such, can be counted as hydropower capacity. The global capacity of mixed plants in 2016 was estimated at about 38 GW, corresponding to global pure
pumped storage capacity of 122 GW for a total of nearly 160 GW of pumping capability. International Renewable Energy Agency, Abu Dhabi, UAE, personal

communication with REN21, May 2017.

i Brazil reports hydropower capacity separately by size category, describing all facilities smaller than 30 MW as “small”. India reports hydropower above a

threshold of 25 MW, with smaller units reported as “renewable energy".
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Figure 13. Hydropower Global Capacity, Shares of Top 6
Countries and Rest of World, 2016
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the second 260 MW generating unit of Vietnam’'s Huoi Quang
plant and the 30 MW Coc San facility.?> Neighbouring Lao PDR
finished two stages (420 MW) of its project on the Nam Ou River,
which is the largest tributary of the Mekong River in northern Lao
PDR.?® Malaysia continued rapid expansion of its hydropower
capacity with the completion of the 372 MW Ulu Jelai project,
and two new dams added 265 MW at Tasik Kenyir, the largest
manmade lake in South-Eastern Asia.?

Turkey's reported hydropower capacity expanded by 0.8 GW in
2016, bringing total installed capacity to 26.7 GW.2® Following
a sharp recovery in production in 2015, hydropower output
remained virtually unchanged in 2016, at 66.9 TWh.?®

India brought online approximately 0.6 GW of new hydropower
capacity, all in units of 65 MW or smaller.?® At year's end, the
country had a total of 47.5 GW of hydropower capacity.®' India’s
hydropower facilities generated 129 TWh during 2016, similar to
total output in the previous year.®?

The United States continued to rank third globally for installed
hydropower capacity, adding a net of 380 MW, for a year-end
total of 80 GW.*® Output increased 6.7% relative to 2015, with
266 TWh generated.®* The state of California saw its hydropower
output more than double, from 13.8 TWh in 2015 to 28.9 TWh
in 2016, thanks to high levels of precipitation after several years
of persistent drought conditions.®® Following erosion damage to
spillways at California's Oroville Dam, the state announced a plan
in early 2017 to bolster dam safety and flood protection. The plan
will require the state to allocate additional funds for flood control
and emergency response capability, to enhance its existing dam
inspection programme and to seek federal action to further
improve dam safety.%

The Russian Federation remained one of the top countries for
total capacity. During 2016, the country’s stated hydropower
capacity increased by about 230 MW for a total of 481 GW.*’
Two new facilities were finalised late in the year in the northern
Caucasus. The 30 MW Zaragizhskaya facility in Kabardino-
Balkaria completes a three-plant cascade and was built without a
dam, and the 140 MW (160 MW in pump mode) Zelenchukskaya
is a mixed pumped storage plant that incorporates two reversible
turbines to combine conventional hydropower generation with

REN21
BN

pumped storage capability.*® Both plants are expected to boost
local power generation and to contribute to system reliability. The
Russian Federation also completed modernisation projects at
several hydropower facilities in order to improve their reliability,
safety and efficiency.®® Hydropower generation (178 TWh)
increased by a significant 11.3% in 2016, following a drop in 2015,
due to improved hydrological conditions.*® For example, inflows
to reservoirs in the far east of Russia were 30-60% above the
long-run average.”

The World Bank remains committed to continuing its support
for well-designed and well-implemented hydropower projects
of all sizes for both local development and climate mitigation,
while noting that resettlement of communities, flooding of
large areas of land and significant changes to river ecosystems
must be carefully considered and mitigated.* Under the Africa
Climate Business Plan, launched at the Paris climate conference
in late 2015, the Bank highlighted the importance of deploying
hydropower (and associated water regulation), along with other
renewable power technologies, as a key component in its efforts
to accelerate climate-resilient and low-carbon development in
sub-Saharan Africa.*®

The Bank aims to increase the share of hydropower in sub-
Saharan Africa’s energy mix from 24% in 2016; progress during
the year included advancement of the Lom Pangar project in
Cameroon, which is expected to ensure all-season water flows in
addition to providing needed electricity.** Also in 2016, the World
Bank suspended financing for the 4.8 MW Inga-3 Basse Chute
project in the Democratic Republic of the Congo following the
country's decision to deviate from a previously agreed strategic
direction.*® However, the Bank said it would continue dialogue
with the government, with the goal of ensuring that the project
follows international good practice.*®

Growing shares of variable renewable energy have given extra
impetus to the deployment of additional electricity storage
capacity.¥ (= See Feature and Enabling Technologies chapters.)
Pumped storage is the dominant source of large-scale energy
storage, and new projects are under development. Global pumped
storage capacity rose by more than 6 GW in 2016, with new capacity
installed in China, South Africa and Europe.*®
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South Africa completed the installation of three turbines
(333 MW each) of the 1.3 GW Ingula pumped storage plant in
2016; the fourth and final turbine became operational in January
2017 Peak flow through the plant's turbines is reported to equal
the volume of eight Olympic-sized swimming pools every minute.®®

In Europe, Switzerland's 1 GW Limmern pumped storage plant
was partially completed in 2016 as two of four reversible pump
turbines were synchronised with the grid. The two remaining
turbines were expected to begin operation in 2017.5" Portugal
started operating the 189 MW Baixo Sabor pumped storage plant
and completed construction of the 780 MW Frades Il station
(also known as Venda Nova ll1), with the latter entering service in
early 2017.52 Both are open-loop storage plants, using reversible
pumps to supplement generation from natural flow with pumping
capability.®® During several days in May 2016, Portugal met all
of its electricity demand with domestic renewable power, due in
part to the country’s ability to use pumped storage to balance
demand and supply.®*

On a smaller scale, pumped storage is being pursued to
supplement mini-grids and to help integrate variable renewable
energy. For example, a 200 MW pumped storage facility is
being implemented in the Canary Islands as part of a larger
programme to improve grid stability and to accommodate
variable generation.® In Gaildorf, Germany, a hybrid wind power
and pumped storage pilot project is under way; the upper
reservoirs are being integrated into the towers and bases of the
wind turbines, creating the added benefit of taller hub heights
and thus greater potential wind power generation.®®

HYDROPOWER INDUSTRY

As the vast stock of hydropower facilities around the world ages,
modernisation and retrofitting of existing facilities continues to
be a significant part of industry operations, with the potential
to increase greatly the performance of existing plants. For
example, as part of a comprehensive modernisation programme
of RusHydro (Russian Federation), completion of the Kamskaya
plant retrofitting in 2016 increased the plant's capacity by 14%,
and modernisation was expected to improve reliability and safety
as well.5

In addition to ongoing improvements to mechanical equipment
such as turbines, plant operators also continued to implement
advanced control technologies and data analytics for digitally
enhanced power generation. It is expected that these steps will
help to optimise plant management for greater reliability, efficiency
and lower cost, while also allowing for more flexible integration
with other grid resources, including variable renewable energy.®®
With improved system integration, hydropower plants can better
enhance their added value within larger power systems - for
instance, by shifting generation from baseload duty to cycling
duty, as system conditions may dictate. (= See Feature and
Enabling Technologies chapters.)

Climate risk is a pressing concern for the hydropower industry.
On one hand, freshwater reservoirs emit greenhouse gases,
and there is a significant risk that hydropower may be excluded
from some “green” investment mechanisms due to its perceived
carbon footprint. On the other hand, the impacts of climate
change may positively or negatively affect the hydropower sector

in the future.®® The relative resilience of hydropower projects in
the face of climate variability - including increased glacial run-
off and variability of rainfall - is both a planning and operational
consideration going forward, and a further risk in the context of
securing project financing. To address these concerns, in 2016 an
international research initiative developed a tool for estimating
net greenhouse gas emissions from planned and existing
reservoirs to provide a more consistent estimate of hydropower's
greenhouse gas footprint.%® Also in 2016, the Climate Bond
Initiative launched a working group with the aim of developing
criteria to identify hydropower-related investments that deliver
climate mitigation benefits and/or incorporate climate resilience
and adaptation.®’

The most significant providers of hydroelectric equipment in
2016 included GE (United States), Andritz Hydro (Austria), Voith
Hydro (Germany), Harbin (China), Dongfang (China) and Power
Machines (Russian Federation).®?

As hydropower development at home has slowed, Chinese-
based corporations have been expanding their involvement
in hydropower projects elsewhere, including construction,
the supply of hydroelectric equipment, and plant operations,
with particular focus on developing countries.®® For example,
Dongfang was the equipment supplier for the 1.87 GW Gibe IlI
plantin Ethiopia, and Harbin (with Andritz) supplied hydroelectric
equipment for the 1.5 GW Coca Codo plant in Ecuador.®*

GE's renewable energy segment reported increased revenues
during the year, in part due to higher hydropower-related sales
following the acquisition of Alstom hydropower operations in
2015.% Andritz Hydro reported unchanged, difficult market
conditions with a continued decline in new orders (-13%) and
sales (-5%) for 2016, and announced the launch of structural
reorganisation of operations.®® Voith Hydro also was affected
by weakness in the global market during 2016. Although the
company managed to increase sales by 6%, new orders were
down slightly (-1%).5”

Despite the value of pumped storage to grid stability and
integration of renewable energy in general, the European
regulatory environment is characterised as unfavourable for
pumped storage facilities.®® For example, seven years on since
the initial project approval for the Limmern plant in Switzerland,
the plant owner has questioned its short- to medium-term
profitability due to low wholesale electricity prices and to the
small price differential between peak and off-peak power.®® Yet,
with an eye to growing shares of variable generation and the
plant's 80-year investment horizon, the long-term prognosis is
considered to be favourable.”




OCEAN ENERGY

OCEAN ENERGY MARKETS

Ocean energy refers to any energy harnessed from the ocean by
means of ocean waves, tidal range (rise and fall), tidal streams,
ocean (permanent) currents, temperature gradients and salinity
gradients.! Very few commercial ocean energy facilities have
been built to date. Of the approximately 536 MW of operating
capacity at the end of 2016, more than 90% was represented
by two tidal barrage facilities: the 254 MW Sihwa plant in the
Republic of Korea (completed in 2011) and the 240 MW La Rance
tidal power station in France (built in 1966).2

Aside from tidal range facilities such as Sihwa and La Rance,
which use established in-stream turbine technology, ocean
energy technologies are still largely in pre-commercial
development stages. Tidal current technologies are the furthest
along, with the first tidal turbine arrays nearing commercial
deployment. Wave energy converters are advancing to the pre-
commercial demonstration stage, and some pilot projects have
been developed utilising ocean thermal energy conversion and
salinity gradient technologies.® Since most of the advancement in
the industry is tied to pre-commercial testing and development,
the global ocean energy sector continues to rely on backing from
national and regional governments in the form of funding and
infrastructure support.#

A potentially significant commercial tidal range project, the
320 MW Swansea Bay Tidal Lagoon in Wales, was awaiting final
government approval at the end of 2016.° An independent review
into the feasibility and practicality of tidal lagoon energy in the
United Kingdom, completed late in the year, found a strong case
for a pioneering project on a scale comparable to Swansea Bay
based on economic and decarbonisation benefits, among others,
but it also noted the need for monitoring for potential impacts on
marine life.®

A great number of research and development (R&D) projects
is under way in a growing number of countries, with several
new deployments of ocean energy devices in 2016. Most of
the projects focus on tidal stream and wave energy, but some
active projects also exist in the areas of thermal and salinity
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gradients. To accommodate R&D, ocean energy test centres are
proliferating around the world, often with the active support of
local governments.” As of late 2016, projects were under way in
Canada, Chile, China, the Republic of Korea, the United States
and several countries in Europe.

OCEAN ENERGY INDUSTRY

The character of 2016 was similar to the previous year for the
ocean energy industry, with a growing number of companies
around the world advancing their technologies and deploying
new and improved devices. However, commercial success for
ocean energy technologies remained in check due to perennial
challenges. These include financing obstacles in an industry
characterised by relatively high risk and high upfront costs
and the need for improved planning, consenting and licensing
procedures.® As in 2015, at least one ocean energy technology
developer succumbed to the economic headwinds.®

The tidal industry was again very active in 2016 and celebrated
notable achievements, with several deployments in Scotland
as well as in France and Canada. In Scotland, Nova Innovation
(United Kingdom), with Belgian partner ELSA, claimed the
distinction of operating the world's first grid-connected tidal array
with two 100 kilowatt (kW) M100 direct-drive turbines deployed
in Shetland's Bluemull Sound; a third turbine was installed in early
2017.° Scotrenewables Tidal Power (United Kingdom) installed its
2 MW SR2000 turbine for the first time at the European Marine
Energy Centre (EMEC) in Orkney, Scotland." Claimed to be the
world's largest tidal turbine, the SR2000 is an integrated tidal
energy generator with two horizontal-axis turbines mounted on a
floating hull platform.™

Also in Scotland, the Meygen tidal energy project reached a
significant milestone in late 2016 with the first 1.5 MW tidal
turbine installed and delivering power to the grid. The Andritz
Hydro Hammerfest (United Kingdom) turbine fully met its
expected power specifications.”® By early 2017, all three Andritz
turbines were in place, and the first Lockheed Martin-designed
(United States) 1.5 MW AR1500 turbine was deployed at the site,
completing the first project phase.” The project, which is to reach
400 MW over several years, is owned by Tidal Power Scotland
- of which Atlantis Resources (United Kingdom) is a majority
stakeholder - and by Scottish Enterprise.”

Tidal stream technology developer Sabella SAS (France)
completed one year of testing of its full-scale, grid-connected
1 MW D10 tidal turbine off the coast of Brittany, in the Fromveur
Strait, where it had supplied electricity to Ushant Island.’® Also
in French waters, OpenHydro (a subsidiary of DCNS, France)
installed two open-centre tidal turbines at EDF's (France) tidal
array at Paimpol-Bréhat.” Another OpenHydro turbine hit the
water across the Atlantic, where Cape Sharp Tidal (Canada)
installed its first 2 MW tidal turbine at the Fundy Ocean Research
Center for Energy (FORCE) development facility in the Bay of
Fundy, supplying electricity to the Nova Scotia power grid.”
The project, which plans to install a second turbine in 2017, is
a joint venture between OpenHydro and Emera Inc. (Canada).”®
As of early 2017, several other tidal technology developers were
planning for deployment at FORCE in the coming years.?
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Wave energy also continued to progress in 2016 with several pilot
and demonstration projects around the world, including in Spain,
Sweden, the United States, the Republic of Korea and China.
Spain saw its first floating wave energy converter connected to
the grid at the Biscay Marine Energy Platform (BIMEP), in the
form of a 30 kW prototype by Oceantec (Spain).?' Spain is home
to the Mutriku multi-turbine wave power plant, the first such
facility in the world. The plant has been in operation since 2011
and generates electricity by harnessing wave-driven compressed
air (oscillating water column, OWC), similar to the new Oceantec
device.?? On the southern tip of the Iberian Peninsula, Eco Wave
Power (Israel) connected a 100 kW array of its energy conversion
devices to the power grid of Gibraltar in 2016, with plans to
expand the array to 5 MW.>

Swedish wave energy companies also made progress. In early
2016, Waves4Power deployed its WaveEL wave energy buoy in
Norwegian waters, and Seabased connected its 1 MW Sotenas
Wave Power array to the grid.?* The Sotenas plant couples linear
generators on the sea floor to surface buoys (a technology known
as point absorbers) and is said to be the world's first array of
multiple wave energy converters in operation.?

In the Pacific, the Bolt Lifesaver device by Fred Olsen (Norway)
was deployed for one year of testing at the US Navy's Wave
Energy Test Center (WETS) in Hawaii. The test was completed
in March 2017 with the unit having produced power continuously
over a span of six months.? Northwest Energy Innovations (United
States) continued grid-connected testing of its half-scale 20 kW
Azura wave energy device at WETS.? In addition, Columbia Power
Technologies (United States) began land-based testing of its
StingRAY wave energy converter at the National Wind Technology
Center, due to its core similarities to direct-drive wind turbines, with
open-water tests at WETS scheduled for 2017.%

Wave energy technologies are among the variety of ocean energy
technologies being developed in the Republic of Korea. Among
notable projects launched in 2016 was a study focused on integrating
wave energy converters, such as OWC devices, with mini-grid
connected energy storage on islands and other remote locations
that have suitable breakwaters.? The construction of a 500 kW
OWC pilot plant near Jeju Island was completed during the year.*

i Funding Ocean Renewable Energy through Strategic European Action.

In 2016, electricity started flowing from the first two turbines of
a seven-turbine, 3.4 MW wave energy demonstration project in
Zhejiang Province, China.* China also installed a 10 kW ocean
thermal energy conversion (OTEC) device; OTEC uses the
temperature difference between cooler deep and warmer surface
waters to produce energy.®? At the start of 2017, the country
released its 13th Five-Year Plan on Ocean Energy, which targets
50 MW of installed capacity by 2020.* The plan also envisions
expanded testing and demonstration facilities and a research
focus on tidal, wave and thermal energy conversion.*

Plans and roadmaps to support the industry advanced in other
parts of the world as well, often through collaborations between
government and industry. The core agenda of the European
Commission’s Ocean Energy Forum was completed in 2016 with
the publication of the Ocean Energy Strategic Roadmap. Intended
to establish a path towards a thriving European market for ocean
energy, the Roadmap outlined four Action Plans designed
to establish: a common technology development process to
minimise project risk and waste; a European investment support
fund for ocean energy farms; a European insurance and guarantee
fund to underwrite project risk; and an integrated planning and
consenting programme.*®

Some examples of smaller-scale, cross-border co-ordination
already exist in Europe. The FORESEA! project, launched in 2016,
provides competitive funding opportunities to ocean energy
technology companies to place their devices at test centres in
the United Kingdom, Ireland, the Netherlands and France. With a
total budget of USD 11.3 million (EUR 10.8 million), more than half
of which is funded by the EU, a first round of awards was made in
late 2016 and another in early 2017,

Another example of active support from government came
from Wave Energy Scotland (WES), formed in 2014 as
a subsidiary of the Highlands and lIslands Enterprise of the
Scottish Government. By late 2016, WES had awarded nearly
USD 14.5 million (GBP 11.8 million) to wave energy developers.*
Another USD 3.7 million (GBP 3 million) was awarded to
10 wave energy projects in early 2017 to explore new materials
and manufacturing processes.*® The European Investment Bank
committed up to USD 10.1 million (EUR 10 million) in loans for
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the Finnish wave energy technology developer AW-Energy. The
funding was expected to keep the company on track towards
commercialisation of its WaveRoller technology, with a 350 kW full-
scale device pending installation in Portugal.*®

Project de-risking by governments can come in the form of
direct research funding and also through the establishment
and operation of ocean energy test centres. In 2016, the US
Department of Energy (DOE) awarded USD 40 million to the
Northwest National Marine Renewable Energy Center in the
state of Oregon to construct a full-scale, grid-connected facility
to test wave energy technologies in open water. For the occasion,
the DOE noted that the country's technically recoverable wave
energy resources are in the vicinity of 1,000 TWh annually, which
is about one-quarter of US net generation in 2016.4°

Mexico also completed preparations for the Mexican Centre
for Innovation in Ocean Energy (CEMIE-Ocean), which aims
to foster collaboration between academia and industry for the
advancement of ocean energy science and technologies. The
Centre's activities were scheduled to commence in early 20174
Far to the south, Chile’s Marine Energy Research and Innovation
Center (MERIC) started its work to establish a foundation for
ocean energy development in the country. The centre was
launched in 2015 with USD 20 million in funding for the first
eight years of operation. Early research has focused on resource
assessment, permitting and legal frameworks related to marine
concessions, biofouling and marine corrosion.*

In a similar vein, two important reports examining ocean energy-
related challenges were published in 2016. One report focused
on the status of scientific knowledge on potential interactions
between ocean energy devices and marine animals, such as
the risk of animals colliding with moving components; various
potential impacts of sound propagation from ocean energy
devices; and any biological effect of electromagnetic fields
generated from underwater cables* Many of the concerns
associated with such interactions are driven by uncertainty,
due to lack of data, which continues to confound differentiation
between real and perceived risks.**

The other report addressed the challenges of consenting
processes for ocean energy development, where lack of clarity
in the process may create potential barriers to the industry. The
report's recommendations include the need to acknowledge and
define the role of marine spatial planning; to clarify jurisdictions of
different authorities; and to co-ordinate and streamline licensing
and consenting processes.*

As in 2015, a UK ocean energy company was forced into
administration mere months after deploying its device. In late
2015, Tidal Energy Ltd. had launched its 400 kW DeltaStream
tidal demonstration device off the coast of Wales, but by October
2016 difficult economic tides forced the company to seek new
ownership.#®

SOLAR PHOTOVOLTAICS (PV)
SOLAR PV MARKETS

During 2016, at least 75 GWdc' of solar PV capacity was added
worldwide - equivalent to the installation of more than 31,000 solar
panels every hour! More solar PV capacity was installed in 2016
(up 48% over 2015) than the cumulative world capacity five years
earlier? By year's end, global solar PV capacity totalled at least
303 GW.3 (> See Figure 15.)

For the fourth consecutive year, Asia eclipsed all other markets,
accounting for about two-thirds of global additions.* The top
five markets - China, United States, Japan, India and the United
Kingdom - accounted for about 85% of additions; others in
the top 10 for additions were Germany, the Republic of Korea,
Australia, the Philippines and Chile.® For cumulative capacity, the
top countries were China, Japan (which passed Germany) and the
United States, with ltaly a distant fifth.° (= See Figure 16.) While
China continued to dominate both the use and manufacturing
of solar PV, emerging markets on all continents have begun to
contribute significantly to global growth.” By end-2016, every
continent had installed at least 1 GW, at least 24 countries had
1 GW or more of capacity, and at least 114 countries had more
than 10 MW.2 The leaders for solar PV capacity per inhabitant
were Germany, Japan, Italy, Belgium and Australia.®

Market expansion was due largely to the increasing
competitiveness of solar PV, as well as to rising demand for
electricity and improving awareness of solar PV's potential as
countries seek to alleviate pollution and reduce CO2 emissions.”
In many emerging markets solar PV now is considered a cost-
competitive source for increasing electricity production and
for providing energy access." Nevertheless, markets in most
locations continue to be driven largely by government incentives
or regulations.”

In 2016, China added 34.5 GW (up 126% over 2015), increasing its
total solar PV capacity 45% to 77.4 GW, far more than that of any
other country.® (- See Figure 17 and Reference Table R6.) The

i An effort is made to report all capacity data in direct current (DC). Where capacity is known to be in alternating current (AC), it is made explicit in the text

and endnotes. (- See endnotes and Methodological Notes for further details.)




64

MARKET AND INDUSTRY TRENDS

record increase came despite a downwards adjustment in China's
target for 2020, made in response to a slowdown in the growth of
electricity demand.* A rush of installations (an estimated 20 GW)
came online in advance of a mid-year cut-off date for approved
projects to receive the 2015 FIT rate™ Following a brief dip, the
market picked up again and continued strongly into 2017, in
anticipation of the next cut-off deadline (June).'®

Xinjiang province (3.3 GW) was the top market in China -
followed by Shandong (3.2 GW) and Henan (2.4 GW) provinces
- even though Xinjiang was a “no-go" development area due to
high curtailment rates.” Although much of the new capacity was
installed far from population centres, 15 provinces added more
than 1 GW each, and 9 of those are in China's eastern regions.”®
Large-scale solar PV plants continued to represent most added
capacity and more than 86% of the cumulative total at end-2016,
despite the central government'’s effort to encourage smaller-
scale distributed installations. Even so, the distributed market
more than tripled relative to 2015.°

The rapid increase in solar PV capacity in China, up 11-fold
since the end of 2012, has caused grid congestion problems
and interconnection delays.?® Curtailment started to become
a serious challenge in 2015, and problems increased during
2016 due to inadequate transmission.?’ To address challenges
related to curtailment, in 2016 China set minimum guaranteed
utilisation hours (purchase requirements) for solar (and wind)
power plants in affected areas and continued to build several
ultra-high-voltage transmission lines to connect north-western
provinces with coastal areas.?? Against these challenges, solar
PV generated 66.2 TWh of electricity during the year (up 69%
over 2015), equivalent to 1% of China’s annual generation.?

The United States was a distant second after China for new
installations in 2016. For the first time, solar PV represented the
country's leading source of new generating capacity.?* More than
14.8 GW of capacity - almost double the installations in 2015 -
was brought onling, for a total of 40.9 GW.?® Overall, 22 states
installed more than 100 MW each, up from 13 states in 2015.2°
California again led for capacity added (5.1 GW), followed by Utah
(1.2 GW) and Georgia (1 GW), which became the third largest
state market even without additional mandates, subsidies or tax
incentives beyond federal tax credits.?”

Although all US sectors expanded, growth occurred primarily in
the utility segment.?® A record 10.6 GW of large-scale capacity
came into operation, with a further 17.8 GW in the pipeline at year's
end.?® Renewable Portfolio Standards (RPS) accounted for the
largest portion of projects in development in the United States,
but new procurement was driven by other factors, such as cost-
competitiveness with new natural gas plants in an increasing
number of locations across the country.®® Large corporate
customers accounted for a record 10% of large-scale additions.*'

The US non-residential (commercial and industrial) market
increased 49%, to 1.6 GW, due primarily to looming regulatory
deadlines in two key states and to an increase in community solar
projects.®> The residential sector experienced slower expansion
(up 19%), after record growth in recent years, in part because some
major markets are approaching saturation among early adopters.?
The majority (70%) of new residential installations occurred in
just five states; even so, additional states began to emerge as

important markets.** The success of distributed solar PV and
falling costs have led some US utilities to establish their own
solar programmes and others to fight for revisions or elimination
of supportive policies.*® Net metering, which has driven most US
customer-sited solar PV capacity, continued to be at the centre of
regulatory disputes in several states during 2016.%®

Japan's market was the world's third largest in 2016 - despite
contracting 20% after the 2015 boom - and was enough to propel
the country past Germany to rank second for cumulative solar PV
capacity. An estimated 8.6 GW was installed, bringing the country's
total to 42.8 GW.¥ Japan's slowdown was the result of several
factors, including declining FIT payments as prices fall, ongoing
land shortages and difficulties securing grid connections.*

Large-scale projects have driven most of Japan's solar PV
expansion in recent years.*® However, the country saw growing
demand in the residential sector, which accounted for 11.8%
of new installations.®® There also was increased interest in
residential solar-plus-storage options: as of early 2016, roughly
50,000 residential systems in Japan included storage.”!

Since the introduction of a FIT in 2012, Japan has seen a rapid
increase in renewable power capacity, with solar PV representing
most of the total. The large volume of solar PV projects and their
output has begun challenging Japan's fragmented electric power
grid, leading the government to revise regulations and leading
some utilities to refuse new interconnections and to curtail output
from existing plants without compensation.*? The first curtailment
of solar PV occurred under the new regulations in early 2016.4°
Even so, solar PV's share of Japan's power mix increased to 4.4%
in 2016 (from about 0.4% in 2012).44

The third largest market in Asia was India, which ranked fourth
globally for additions and seventh for total capacity.*® India added
about 41 GW (up from 2 GW in 2015) for a total approaching
9.1 GW.*® Tamil Nadu (with nearly 1.6 GW) overtook Rajasthan
(1.3 GW), followed by Gujarat (11 GW) and Andhra Pradesh
(1 GW) for cumulative capacity.*” Much of Tamil Nadu's annual
market was due to the commissioning of one 648 MW facility.*®
Demand for large-scale solar projects in India has been driven
by rapidly falling prices combined with strong policy support in
several states and at the national level since 2014.4°

India’s rooftop solar market has expanded significantly in recent
years but accounted for only about 10% of the country's total
solar PV capacity at the end of 2016.%° Financial, regulatory and
logistical challenges have hindered growth, and India remains a
long way from its rooftop target of 40 GW by 2022, But the most
immediate challenges for India’s solar sector are congestion in
the grid and curtailment.®? To help address these challenges, by
year's end India was constructing eight “green energy corridors”:
transmission lines to carry power from solar-rich states to high-
demand regions.®®

The Republic of Korea followed India in the region, adding
0.9 GW to rank seventh for additions and to end 2016 with
4.4 GW.** The Philippines and Thailand both passed national
targets, adding nearly 0.8 GW (total of 0.9 GW) and more than
0.7 GW (total of 215 GW) respectively, although a pause in Thai
government procurement drove many developers to seek out
new markets.®® Pakistan and Vietnam both had several large
plants under development by year's end, but policy uncertainties
were delaying progress.®®
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The EU became the first region to pass the 100 GW milestone in
2016 (quickly surpassed by Asia); the region ended the year with
an estimated 106 GW, more than 32 times its 2006 capacity.®’
Even so, as global additions increased 48% relative to 2015, EU
demand fell by 24%.°® The United Kingdom accounted for most
of the market decline, with several other EU countries seeing
capacity increases relative to 2015.%°

Approximately 5.7 GW was added in 2016, mostly in the United
Kingdom, Germany and France - which together installed about
70% of the region's new grid-connected capacity.®® Others
adding capacity included Belgium, Italy and the Netherlands.®’

Europe has become a challenging market for several reasons.
The region is transitioning from FIT incentives to tenders and
feed-in premiums for large-scale systems, and to the use of
solar PV for self-consumption in residential, commercial and
industrial sectors.%? Further, electricity demand is stagnating
and conventional utilities are lobbying simply to maintain
their position.®® In Germany and elsewhere, the reaction from
utilities is mixed - ranging from opposition to distributed solar
PV deployment to participation.® Electricity market design and
new business models are receiving increased attention.®® (= See
Feature chapter,)

Despite the market contraction in 2016, the United Kingdom
remained the region's top market, adding about 2 GW for a total
of 1.7 GW.*® The country’s biggest month for additions was
March, just before the Renewables Obligation closed to projects
of 50 kW and larger.%” Solar PV generated more electricity than
coal from April through September, reflecting historic lows for
coal-fired generation and the changing face of the UK electricity
supply; solar PV represented about 3% of UK generation for the
year.®® Despite ranking third in Europe, France saw its lowest
annual growth since 2009, adding 0.6 GW for a total of 7.1 GW.%

Germany's annual market remained at about 1.5 GW, well below
the Renewable Energy Law (EEG) annual target of 2.5 GW,
bringing total capacity to about 41.3 GW.” In October, Germany
and Denmark opened the world's first cross-border auctions for
solar PV, in which companies could bid for installations in either
country” All successful bids were awarded to projects to be

sited in Denmark, due to differing conditions between the two
countries (e.g., site restrictions in Germany but not Denmark).”?
Germany's solar-plus-storage market is growing rapidly as
consumers shift from FITs to self-consumption.”® The share
of newly installed residential systems paired with storage rose
from 14% in 2014 to 41% in 2015 and more than 50% in 2016,
when Germany represented about 80% of Europe's home energy
storage market.”

Utilities in Australia also are facing major impacts from solar PV.
The country added nearly 0.9 GW in 2016, for a total approaching
5.8 GW.”® Australia's market has been predominantly residential,
although the commercial and large-scale sectors started to take
hold in 2015 and 2016.”® By late 2016, almost 1.6 million solar
PV installations were operating in the country.”” About 30% of
dwellings in both Queensland and South Australia had solar PV
installations, with high shares also in several other states and
territories.’

Australia's low wholesale electricity prices and high retail prices
are encouraging consumers to shift to solar PV while providing
them with little incentive to sell their generation into the grid.”®
Additionally, utilities have continued to lobby for further charges
on self-consumption by solar PV system owners.t® These factors
have driven a small but rapidly growing market for residential
storage.’’ The market for rooftop solar-plus-storage systems took
off in 2016: an estimated 5% of new solar rooftop installations
included storage, amounting to 6,750 battery installations
(52 megawatt-hours (MWh)), up from 500 in 2015.8?

In addition to Australia, Germany and Japan, interest in solar-
plus-storage is picking up in other developed countries (e.g.,
France, Italy and the United Kingdom) for on- and off-grid
applications, where incentives exist or economics align.®®
Markets also continue to expand in many developing countries
(e.g., Bangladesh, India, Malawi, Peru), particularly in the off-grid
sector.®* (= See Distributed Renewable Energy chapter,)

Solar PV is playing an important role in providing energy access
in Latin America and the Caribbean, although the vast majority
of capacity installed to date has been in large-scale projects.®®
Chile was the region'’s top installer and ranked tenth globally for
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= SOLAR PV

Figure 15. Solar PV Global Capacity and Annual Additions, 2006-2016
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Figure 16. Solar PV Global Capacity, by Country and Region, 2006-2016
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Figure 17. Solar PV Capacity and Additions, Top 10 Countries, 2016
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Figure 18. Solar PV Global Capacity Additions, Shares of Top 10 Countries and Rest of World, 2016

India 55%

Next six United Kingdom 2.7%
COURNIES Germany 2.0%
9% Republic of Korea 1.1%

United States : o
Rest of world Australia 1.1%
20% Philippines 1.0%

. (o)

Source: See 8 A) il 1.0%

endnote 86
for this section.

Figure 19. Solar PV Global Additions, Shares of Grid-Connected and Off-Grid Installations, 2006-2016
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newly added capacity, thanks to a booming mining industry that
has pushed rapid development in the north.®® (= See Figure 18,
The country added over 0.7 GW in 2016 for a year-end total of
1.6 GW.8” Mexico followed, adding about 150 MW for a total of
0.3 GW.®® The market was driven largely by the country’s first
tenders, although distributed systems accounted for at least
one-third of additions in response to rising electric rates for large
consumers combined with falling solar PV prices.®® Argentina
also held its first tender during the year®® In Brazil, the only
renewable energy auction scheduled for 2016 was cancelled, and
most projects awarded contracts in tenders through 2015 were
stalled by a variety of factors, including high costs associated with
local content rules and difficulty obtaining affordable financing.®
Throughout the region, grid access, financing and administrative
barriers remained challenges to growth.®

Although relatively little capacity was operating in the Middle
East by the end of 2016, interest in solar PV has started to pick
up. Countries without domestic fossil fuels have begun investing
in solar power to diversify energy sources and economies, and
oil producers are taking advantage of good solar resources, low
land and labour costs, and favourable loan rates to preserve
their fossil resources for export.® Israel remained the region's
leading market, adding 0.1 GW for a total over 0.9 GW.** Jordan
and Kuwait both brought large plants online during the year,
and, in early 2017, Dubai inaugurated a 200 MW plant.®® Jordan,
Saudi Arabia and Abu Dhabi and Dubai (UAE) all held tenders,
and Iran signed several agreements to deploy solar PV and build
manufacturing facilities.®®

Across Africa, countries are turning to solar PV to diversify their
energy mix, meet rising electricity demand and provide energy
access.”” (» See Distributed Renewable Energy chapter for more
on solar PV for energy access.) Rapidly falling costs, new business

models and a global certification scheme have combined to
enable the emergence of projects of all sizes.®® Leaders for new
capacity in 2016 were South Africa (0.5 GW) and Algeria.®® Due
to a number of challenges - including lack of financing and clear
policies, weak legal frameworks, poor transmission infrastructure
and unclear land rights - numerous projects that began years
ago still awaited construction at year's end.” However, several
countries, including Ghana, Senegal and Uganda, brought plants
online in 2016.”" Tenders for projects (on- and off-grid) were
launched or PPAs were signed in several countries across Africa,
including Algeria, Egypt, Kenya, Morocco, Nigeria and Zambia,
which set a new regional benchmark for low-cost solar PV
power.%2

While demand is expanding rapidly for off-grid solar PV, the
capacity of grid-connected systems is rising more quickly and
continues to account for the vast majority of solar PV installations
worldwide.'® Decentralised (residential, commercial and industrial
rooftop systems) grid-connected applications have struggled to
maintain a roughly stable global market (in terms of capacity
added annually) since 2011, particularly with the transition from
FITs and net metering to self-consumption.® Centralised large-
scale projects, by contrast, have comprised a rising share of
annual installations - particularly in emerging markets - despite
grid connection challenges, and now represent the majority
of annual installations.’® (= See Figure 19,) The drivers include
increased use of tenders and availability of low-cost capital.®® By
one estimate, the average solar (mostly PV) project size in early
2016 ranged from 3 MW in Europe and 11 MW in North America,
to 45 MW in Africa and 64 MW in South America.'”’

Around the world, the number and size of large-scale plants
continued to grow in 2016. By year's end, at least 164 (up
from 124 a year earlier) solar PV plants of 50 MW and larger




were operating in at least 26 countries, with Israel, Jordan, the
Philippines and the United Kingdom joining the list during the
year'®® The cumulative capacity of plants of 50 MW and larger
that came online in 2016 was more than 5.9 GW.!°® China's Yanchi
project in Ningxia reportedly became the world's largest plant,
at 1 GW."® Considering plants of 4 MW or larger, about 35 GW
of projects was installed in 2016, bringing the world total to an
estimated 96 GW."

Several retailers and international corporations based in China,
Europe, India, North America and elsewhere invested heavily
in solar PV during the year Locally owned community solar
also continued to expand, although the pace of growth slowed
in some countries due to policy changes.™ New projects came
online in Australia, Europe and the United States.™ Japan had
an estimated 45 MW of community-owned' solar PV capacity by
the end of 2016." Increasingly in Australia and the United States,
utilities and other energy companies are developing “community”
projects to retain existing customers and attract new ones."®

Solar PV plays a substantial role in electricity generation in
several countries. In 2016, solar PV accounted for 9.8% of net
generation in Honduras and met 7.3% of electricity demand in
ltaly, 7.2% in Greece and 6.4% in Germany."” At least 17 countries
(including Australia, Chile, Honduras, Israel, Japan and several in
Europe) had enough solar PV capacity at end-2016 to meet 2%
or more of their electricity demand."® At the end of 2016 there
was enough solar PV capacity in operation to produce close to
375 TWh of electricity per year.™
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SOLAR PV INDUSTRY

Despite tremendous demand growth in 2016, the year brought
unprecedented price reductions for modules, inverters and
structural balance of systems.® Due to even greater increases
in production capacity, as well as to lower market expectations
(particularly in China) for 2017, module prices plummeted.’”
Average module prices fell by an estimated 29%, to USD 0.41
per watt (W) between the fourth quarter of 2015 and a year later,
dropping to historic lows.™??

Downwards pressure on prices has challenged manufacturers,
whose costs have not declined as quickly and who are seeing
small, if any, margins.'*® By contrast, 2016 was a good year for
developers.® Lower capital expenditures and improvements in
equipment efficiency and capacity factors are helping to drive
down costs; the cost of solar generation fell faster during the
year than experts had expected, and continued downwards
in early 2017.%° Subsequently, solar PV is increasingly cost-
competitive with traditional power sources, with large-scale solar
PV outcompeting even new fossil fuel projects in some markets,
especially in regions with low-cost financing.”® However,
challenges remain, with solar PV still vulnerable to policy changes
or measures to protect fossil fuels in some countries.'””

Countries around the world increasingly have been using tenders
to raise their solar generating capacity (= see Policy Landscape
chapter), and new record low bids were set again in 2016, with
bidding in some markets below USD 0.03 per kWh.?® Argentina,
Chile, India, Jordan, Saudi Arabia, South Africa and the UAE
all saw very low bids for solar PV in 2016 and early 2017.?° The
year also brought national record low bids for winning tenders
in China (Inner Mongolia), Denmark and Germany, and a new
low for Africa in Zambia.®® In the United States, falling PPA
prices’ have made solar PV more attractive than new natural gas
capacity in many locations.™

Low bids were due at least in part to expectations that technology
costs would continue to fall, as well as to relatively low weighted
average cost of capital and expected low operating costs in
some locations.™ The cost of financing plays a major role in
determining project costs, and depends heavily on operational
and regulatory risk.®® Yet low bids have spurred questions about
whether the cheapest projects will be profitable, or even built.*
There also is concern that low prices threaten product quality.'®®

A wide range in prices exists among different locations due to
variations in soft (non-technology) costs and cost of capital,
as well as in solar resource, market and regulatory conditions.
Project scale also has a significant impact on price.® Distributed
rooftop solar PV remains more expensive than large-scale solar
PV but has followed similar price trajectories, and is competitive
with (or cheaper than) retail prices in many locations.™”

China dominated global shipments in 2016, for the eighth year
running.®® Asia accounted for 90% (and China 65%) of global
module production; Europe's share continued to fall, to about 5%
in 2016; and the US share remained at 2%."*® The top 10 module

i Defined as having at least two of three criteria: most if not all of the project is locally owned; a community-based organisation controls voting; and the

majority of the project'’s social and economic benefits are distributed locally.

i US PPA prices reflect federal tax credits and other subsidies.
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manufacturers' accounted for about 50% of shipments during the
year, and the vast majority of manufacturing is China-based, with
overseas plants in South-Eastern Asia*® They included JinkoSolar
in the top spot, followed by Trina Solar and JA Solar (all China), as
well as Canadian Solar (Canada) and Hanwha Q Cells (Republic
of Korea); GCL (China), First Solar (United States), Yingli Green,
Talesun and Risen (all China) rounded out the top 10"

Locked in a race to build bigger, more advanced factories to produce
panels faster and more cheaply than their competitors, companies
announced expansions throughout the year* The largest Chinese
manufacturers continued expanding module assembly capacity
in South-Eastern Asia, in response to ongoing trade disputes
and to avoid US and EU import duties!“® Chinese giants GCL-
Poly and Longi Silicon Materials both announced plans for new
production lines.** Expansions elsewhere included: the first module
manufacturing plant in Ghana opened to serve the West African
market; Canadian Solar commenced module production at a new
facility in Brazil; Japanese thin film module producer Solar Frontier
began commercial production at a new plant; a new facility opened
in Kosovo; and, in early 2017, Solarion (Germany) announced plans
to expand its Leipzig facility to supply projects in Turkey.®

However, some manufacturers and other solar companies scaled
back expansion plans, closed facilities, changed strategies or
restructured to adjust to changing landscapes.® Although
some new production capacity opened in Europe, the region’s
overall module manufacturing output declined by 16%, to
2.7 GW.*" Companies including Panasonic (Japan), Enel (ltaly)
and Mainstream Renewable Power (Ireland) sought new markets
abroad as incentives and markets dried up at home® Dow
Chemical (United States) halted production of its solar shingle
line, and some big US manufacturers announced plans to refocus
at home (e.g.,, from large plants to rooftops) and to expand into
emerging markets abroad.*

On balance, global production of crystalline silicon cells and
modules rose significantly in 2016. Estimates of cell and module
production, as well as of production capacity, vary widely;
increasing outsourcing and rebranding render the counting
of production and shipments more complex every year.®®
Preliminary estimates of 2016 production capacity exceeded
80 GW for cells (up 29% year-over-year) and 83 GW for modules
(up 33% year-over-year).™ Thin film production increased by an
estimated 11%, accounting for 6% of total global PV production
(down from 8% in 2015).1%?

Consolidation continued as downwards pressure on prices and
slim margins made 2016 a challenging year for even the most
competitive producers, and led manufacturers in and outside
of China to lay off workers and some companies to fail'*® In
Japan, the number of bankruptcies in solar-related companies
reportedly reached a record high (65), due to fierce competition
in a shrinking market.®* The highest-profile insolvency case was
that of US-based project developer SunEdison which, after rapid
growth and substantial debt accumulation, filed for bankruptcy
protection in April and liquidated assets throughout 2016.'%

Mergers and acquisitions, as well as new partnerships, continued
as companies aimed to capture value in project development or to
move into new markets (locations or applications).®® For example,
solar PV inverter specialist Ingeteam (Spain) purchased Bonfiglioli's
(Italy) solar PV business to strengthen its position internationally
for sales and for operation and maintenance (O&M).*" Longi,
Trina Solar and Tongwei (all China) partnered to build a 5 GW
monocrystalline silicon ingot pulling production plant in China,
and China National Building Materials Group partnered with UK
solar developers WElink Energy and British Solar Renewables
to develop solar energy projects and zero-carbon homes in the
United Kingdom.*® Numerous projects around the world changed
hands; rapidly declining prices have created high demand for
projects won under tenders and not yet built."*®

Falling prices and expanding markets for solar PV have lured
new players to the industry.®® In 2016, Apple supplier Foxconn
(Taipei) purchased financially troubled Sharp (Japan), which
started making solar PV cells in the 1960s; and US electric
vehicle manufacturer Tesla partnered with Panasonic (Japan)
and acquired US installer SolarCity with plans to make an
integrated solar PV-storage-EV product.® Four of the world's top
wind turbine companies - GE, Gamesa, Goldwind and Mingyang
- had entered the solar industry by year's end.”®? Electric utilities
became more active in the sector, serving the distributed market
and constructing and operating large-scale solar PV plants.’®®
For example, Tata Power Company acquired a 1.1 GW solar and
wind power portfolio from Welspun Renewable Energy in India’s
largest clean energy deal;, RWE subsidiary Innogy acquired
developer Belectric Solar & Battery (both Germany) to further
its transition to renewable energy; and EDF (France) acquired
installer Global Research Options to expand its US presence.'s

Fossil fuel producers also moved further into solar energy in 2016.
Forexample, Bangchak Petroleum (Thailand) bought SunEdison's
solar PV plants in Japan; Coal India Limited, Thai state-owned oil
and gas company PTT and Wartsila (Finland) all entered into solar

i The solar PV value chain also includes manufacturers upstream (e.g., polysilicon, wafers, solar glass, chemicals, backsheets, and balance of systems
components) as well as downstream actors, including engineering, procurement and construction (EPC) companies, project developers, and O&M

providers.
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PV project development, as did oil and gas operator Eni (Italy) and
Africa’s largest oil and gas company Sonatrach (Algeria), which
agreed to develop projects jointly in Algeria.®® Statoil (Norway)
invested in the UK technology company Oxford PV.'6

Banks, pension funds and mutual funds also are investing in
large-scale solar PV (and wind power) projects and partnering
with solar companies, providing new pools of funding.'®” For
example, APG Asset Management, the Netherlands' largest
pension fund, committed to investing in solar companies in India,
and the largest US public pension fund invested in solar farms
in California.'®® Crowdfunding also continued to be an important
means for financing projects as well as technology innovations,
with new platforms launched in 2016."%°

Innovations and advances continued during the year in
manufacturing, product efficiency and performance, installation
and O&M.' They were driven largely by rapid price reductions,
which have forced companies to move forward their roadmaps to
decrease costs and differentiate themselves, as well as by growing
customer demands for increased functionality and a rising
number of grid requirements in some countries.”" SolarWorld
(Germany) and REC Solar (Norway) were among the big players
that upgraded production lines to Passivated Emitter Rear Cell
(PERC) technology/, a trend that continued into 2017.72 Module
manufacturers continued increasing the number of busbars' to
reduce internal electrical resistance, as well as reducing barren
spaces on modules to enhance light trapping.”® Perovskites'
achieved further improvements in efficiency and stabilisation
through ongoing R&D, and Oxford PV purchased a former Bosch
Solar facility to ramp up production of its perovskite technology.”

Efficiency gains from such advances have reduced the number
of modules required for a given capacity, lowering soft costs.””®
Labour and other soft costs of large-scale projects also are falling
thanks to customised design testing, pre-assembly of systems
and advances in racking.”® The year also saw an increased
interest in hybrid projects that locally integrate solar PV with other
renewables and energy storage technologies, an innovation that
can strengthen a plant's generation profile and enable sharing of
resources for construction and maintenance.””

As component and installation costs fall and as markets mature,
attention is focused increasingly on O&M."8 Significant challenges
remain in many developed markets where O&M is exposed to rising
price pressures and where there are significant inconsistencies
in scope and quality of service, as well as in emerging markets
that lack O&M skills and local capacity for manufacturing solar
components.”® However, O&M costs have fallen rapidly in some
countries due to clustering of projects and economies of scale,
improved performance and reliability of inverters, evolution in plant
and tracker designs, and robotic cleaning systems.'®

Inverters also are becoming more sophisticated and making a
growing contribution to grid management, and manufacturers

are working to improve long-term reliability and system-prediction
methods.® During 2016, key areas of focus included advancing both
materials and self-regulating technologies in order to build higher-
voltage central inverters and thereby reduce balance of systems
costs and the levelised cost of electricity (LCOE), as well as improving
performance and software to reduce O&M costs®? As with solar PV
production, inverter manufacturing is shifting to Asia (and Asia-based
companies), and, in 2016, large US and European manufacturers
were fighting to maintain market share!®® As the market matures,
the industry is becoming more concentrated, and the top 10 vendors
accounted for 80% of global shipments in the first half of 201624 The
top companies globally for shipments during the full year were Huawei
(China), Sungrow (China) and SMA (Germany).®

The concentrating PV (CPV) industry had another challenging
year. Despite record efficiencies and declining system prices,
CPV has been unable to compete with conventional solar PV.8¢ A
handful of companies remains; most are based in North America,
and many are relatively new to the industry®” In 2016, heavily
indebted Semprius (United States) was working with partners
to improve conversion efficiency in previously uneconomical
locations.®® Saint-Augustin Canada Electric acquired Soitec's
(France) CPV technology to increase its presence in the
renewable energy sector, with plans to open its first production
line in 2017.%° Also in 2016, Korea Electric Power Corp (Kepco)
acquired the Alamosa (Colorado) project from Cogentrix Solar
Holdings to move into the US power market.'*°

Efforts to advance recycling processes continued, although
there was relatively small demand for recycling of waste and
solar panels (at end-of-life, or damaged or defective panels) as of
2016.°" In addition to recycling's potential environmental benefits,
the process can yield materials to be sold in global commodity
markets or can be used for the production of new solar panels.®?
In 2016, Australia's Reclaim PV teamed with major manufacturers
to refine its processes; a US industry programme was launched
with the goal of making the national industry landfill-free; Japanese
companies NPC and Hamada established a joint venture with the
aim of recycling 80% of panel materials and reusing the rest; and
the Japanese government issued recycling guidelines.®® The EU
has regulated solar PV-related waste since 201494

*

i PERC is a technique that reflects solar rays back to the rear of the solar cell (rather than being absorbed into the module), thereby ensuring increased

efficiency as well as improved performance in low-light environments.

ii Busbars are the thin strips of copper or aluminium between cells that conduct electricity. The size of the busbar determines the maximum amount of

current that it can carry safely.

iii Perovskite solar cells include perovskite (crystal) structured compounds that are simple to manufacture and are expected to be relatively inexpensive to
produce. They have experienced a steep rate of efficiency improvement in laboratories over the past several years.
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CONCENTRATING SOLAR THERMAL
POWER (CSP)

CSP MARKETS

Concentrating solar thermal power (CSP), also known as solar
thermal electricity (STE), saw 110 MW of capacity come online
in 2016, bringing global capacity to more than 4.8 GW by year's
end.! (- See Figure 20 and Reference Table R7) This was the
lowest annual increase in total global capacity in 10 years, at just
over 2%.? Even so, CSP remains on a strong growth trajectory,
with as much as 900 MW expected to enter operation during the
course of 2017.3

South Africa led the market in new additions in 2016, becoming
the second developing country to do so after Morocco in 2015.4
South Africa was followed by China, where the first of numerous
new CSP plants came online in 2016.>° CSP market growth
continued to be driven outside of the traditional markets of Spain
and the United States, and, by year's end, facilities were under
construction in several countries representing nearly all regions.®

For the second year in a row, all new facilities that came online
incorporated thermal energy storage (TES).” Most new CSP
plants are being developed with TES, and 2016 marked a
decade since the first commercial CSP system with TES was
deployed.® (= See Figure 21.) TES continues to be viewed as
central to the competitiveness of CSP by providing the flexibility
of dispatchability.®

Parabolic trough and tower technologies continued to dominate
the market, with parabolic trough systems representing the bulk
of capacity that became operational in 2016 as well as most of
the capacity expected to come online during 2017.° Fresnel and
parabolic dish technologies are still largely overshadowed, apart
from some smaller plants in the development and construction
phases."

Spain remained the global leader in existing CSP capacity, with
2.3 GW at year's end, followed by the United States with just
over 1.7 GW.? These two countries still accounted for over 80%
of global installed capacity.® However, no capacity has entered
commercial operation in Spain since 2013, and no new facilities
were under construction in either country at end-2016."

South Africa brought its first commercial tower plant online with
the launch of the 50 MW (with 2.5 hours of TES; 465 MWHh)
Khi Solar One facility in early 2016, followed shortly thereafter
by the 50 MW (9.3 hours; 100 MWh) Bokpoort parabolic trough
plant’® These two plants brought total installed capacity in the
country to 200 MW.'® At year's end, a further 300 MW was under
construction and was expected to come online during the course
of 2017, 2018 and 2019.7 Several additional CSP projects under
development faced uncertainty after the state-owned utility,
Eskom, delayed the signing of PPAs under the Department of
Energy's Renewable Energy Independent Power Producer
Procurement Program (REIPPPP).®

China brought its first 10 MW of capacity online in 2016.° China's
aggressive CSP programme, which aims to have 1.4 GW of CSP
installed by 2018, started to bear fruit in 2016 with the addition of
the 10 MW (15 hours; 150 MWh) Shouhang Dunhuang facility.® As
much as 650 MW of trough, tower and Fresnel capacity was at
varying phases of construction by year's end.?

Around the world, several projects that are being built are expected
to come online over the next three years. CSP continued its push
into developing countries that have high direct normal irradiance
(DNI) levels and specific strategic and/or economic alignment
with the benefits of CSP technology. In this respect, CSP is
receiving increased policy support in countries with limited oil
and gas reserves, constrained power networks, a need for energy
storage, or strong industrialisation and job creation agendas.??

Apart from China, India was the only Asian country with CSP
facilities under construction by the end of 2016. India's projects
included the 25 MW Guijarat Solar 1 plant (9 hours; 225 MWNh)
and the 14 MW National Thermal Power Corporation's Dadri
Integrated Solar Combined-Cycle (ISCC)i plant.?®

While Morocco did not bring new capacity online in 2016,
it continued to be a key driver of CSP expansion. Both the
200 MW Noor Il parabolic trough (7 hours; 1,400 MWh) and
the 150 MW Noor Il tower (7 hours; 1,200 MWh) facilities are
expected to enter commercial operation during 2017.2 These
follow the 160 MW Noor | facility, commissioned in 2015, and will
bring Morocco's total capacity to over 0.5 GW.%»

Elsewhere in the Middle East and North Africa (MENA) region,
construction continued on Israel's 121 MW Ashalim Plot B tower
facility, which aims to achieve commercial operation in 2017.26 The
110 MW Ashalim Plot A parabolic trough facility also was under
construction in 2016, with operation expected to begin in 2018.%

In Saudi Arabia, two ISCC plants were under construction during
the year. The 42 MW Duba 1 facility and the 50 MW Waad al

For CSP plants that incorporate thermal energy storage (TES), the hours of thermal storage and capacity are provided, in parentheses, in hours and in

MWh. Where thermal storage capacity has been reported in hours, it is assumed that these are full load hours (i.e., hours of storage at full plant discharge
capacity). This section has converted capacity to MWh by multiplying peak plant capacity by full load hours.

i Integrated solar combined-cycle facilities are hybrid gas and solar power plants that utilise both solar energy and natural gas for the production of electricity.




Shamal plants are expected to enter operation in 2017 and 2019,
respectively.?® Construction continued on Kuwait's 50 MW
(10 hours; 500 MWh) Shagaya plant, which is planned for
operation in 2017.2° In the UAE, the Dubai Electricity and
Water Authority received a strong response to its request for
proposals, released in early 2017, for a 200 MW CSP facility at the
Mohammed bin Rashid Al Maktoum Solar Park.*

In Latin America, construction was halted at Chile's 110 MW
(175 hours; 1,925 MWh) Atacama 1 (Planta Solar Cerro
Dominador) plant due to financial challenges faced by Abengoa
(the initial developer and owner of the facility, now involved only
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as a contractor).’" Construction is expected to resume in 2017,
with operations commencing in 2019.%2 The 12 MW Agua Prieta Il

plant in Mexico is scheduled for commissioning in 2017.3

Some CSP activity continued in Europe during 2016. In France a
9 MW Fresnel facility was under construction in the Pyrenees-
Orientales district.>* In Denmark, a hybrid biomass-CSP facility
that will incorporate 17 MW of CSP was under construction.*® As
a CHP plant, the facility will generate both electricity and low-
temperature heat for district heating, representing an important
potential application for CSP in colder climates.®®

Figure 20. Concentrating Solar Thermal Power Global Capacity, by Country and Region, 2006-2016
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Figure 21. CSP Thermal Energy Storage Global Capacity and Annual Additions, 2007-2016
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CSP INDUSTRY

CSP activity saw a significant shift from Spain and the United
States to developing countries in 2015, and this trend continued
in 2016. The ongoing stagnation of the Spanish market, along
with a long-predicted slowdown in the United States, resulted in
ongoing growth of industrial activity and increased partnerships
in new markets, including South Africa, the MENA region and
particularly China.®”

Recognising CSP’s potential for local manufacturing, engineering
and skills development, many countries - including Morocco,
Saudi Arabia, South Africa and the UAE - continued to promote
or enforce local content requirements in their CSP programmes
during 2016.%

Abengoa (Spain), the industry's largest developer and builder,
avoided the threat of insolvency that emerged early in 2016 when
it reached a USD 1.2 billion (EUR 114 billion) restructuring deal
with its creditors.*® The company undertook significant changes,
including the restructuring of ownership and the disposal of non-
core solar PV and wind power assets.*® Abengoa’s rising debt
was partially a result of Spanish energy reforms enacted in 2013,
which reduced FITs for CSP facilities.*

With the exception of the fundamental restructuring that took place
at Abengoa, 2016 was a relatively quiet year for CSP companies in
terms of mergers, acquisitions and closures, with no major reports
of significant corporate shifts.*#> Abengoa and Saudi Arabia’s
ACWA Power led the market in the ownership of projects that
commenced operations or were under construction during 2016.%
As a developer, owner and operator, ACWA continued to make
strong inroads into the global CSP market, most notably through
projects in South Africa and Morocco.** Other top companies that
were engaged in construction, operation and/or manufacturing in
2016 included Rioglass Solar (Belgium); Supcon (China); Acciona,
ACS Cobra, Sener and TSK (all Spain); and Brightsource, GE and
Solar Reserve (all United States).*

Although commercial developers have continued to focus on
trough and tower plants, with many facilities exceeding 100 MW in
size, Fresnel facilities also are being planned and built, particularly
for non-traditional or smaller facilities. This development is most
notable in China, where four Fresnel plants totalling 90 MW were
under construction at end-2016, and in France, where a 9 MW
facility also under construction will be the first Fresnel plant to
include several hours of TES capacity.*

The track record of larger TES systems continued to advance
during the year, with various facilities proving their ability to
generate power in the absence of sunlight and even throughout
the night. In South Africa, for example, the newly commissioned
Khi Solar One facility reached a technological milestone for the
region when it completed a 24-hour cycle of uninterrupted solar
power generation.*” The bulk of new facilities coming online in
2017 is expected to include TES; the exceptions are plants that
are hybridised with, or located alongside, natural gas plants -
such as lIsrael's Ashalim facilities and the ISCC plants under
construction in Saudi Arabia.*®

CSP costs vary widely depending on the specific economic
characteristics and DNI levels of a given location. Nonetheless,
research specific to the US market found that CSP prices have
declined in line with the trajectory proposed in 2012 by the US
DOE's SunShot Initiative.* The initiative targeted a 75% decline
in the cost of CSP systems between 2012 and 2020, to USD 0.06
per kWh; since 2012, costs have declined from a non-incentivised
USD 0.206 per kWh (for an oil-based parabolic trough facility with
no TES) to an estimated USD 0.2 per kWh in 2015 based on a
new power tower facility with 10 hours of TES.*® Cost declines also
are evident elsewhere, with a 30% reduction over two bid cycles
in Chile in 2015 and a 43% reduction over five bid cycles between
2011 and 2015 in South Africa.®'

Although CSP costs have seen a significant decline, CSP
deployment has been hampered by rapid and substantial decreases
in the price of solar PV, driving the CSP industry’s continued focus
on maximising value through the use of TES systems, which enable
CSP facilities to provide dispatchable power.%

R&D in the CSP sector in 2016 continued to focus strongly on
improvements, alternatives and cost reductions in TES; on cost
reductions in key CSP components (such as collectors); on alternate
applications of CSP; and on efficiency of the heat transfer process.>
R&D efforts were under way in numerous countries around the
world, with universities, public scientific organisations and private
companies in Australia, Europe and the United States announcing
potentially significant advances.**

In Australia, for example, researchers achieved 97% efficiency in
converting sunlight into steam.®® Previously (in 2014), Australian
researchers generated “supercritical” steam at the highest
temperatures achieved from a non-fossil-based thermal fuel.%
Research supported by the EU yielded advances in thermochemical
energy storage and hybridised CSP systems.®” In the United States,
wide-ranging research programmes under way during 2016 included
the analysis of sand-like particles as an alternative to molten salt in
TES systems; efforts to advance thermochemical storage systems
for CSP, which offer the possibility of increased energy storage
density at lower costs; and the application of the supercritical CO.
Brayton Cycle', which offers the potential to increase CSP efficiency
and further reduce costs.®®

Significant progress is being made in understanding the real
value of CSP with TES in providing dispatchable power to grids
with increasing shares of variable renewable power® (= See
Feature chapter,) While CSP remains more expensive than wind
power and solar PV on a pure generating cost basis, the overall
value of CSP with TES can be higher as a result of its ability to
dispatch power during periods of peak demand. During 2016,
SolarPACES, an international network of CSP researchers and
industry experts, made significant progress in quantifying the
real value of CSP incorporating TES and standardising yield
assessment methodologies required to evaluate new projects.®°

i The Brayton Cycle uses air as the working fluid in a gas turbine. This is distinct from the Rankine Cycle (used in existing CSP plants) which makes use of water
as the working fluid, in conjunction with a steam turbine. The Brayton Cycle can achieve higher operating temperatures, which results in higher efficiency.
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SOLAR THERMAL HEATING AND
COOLING

SOLAR THERMAL HEATING AND COOLING MARKETS

Solar thermal technology is used extensively in all regions of
the world to provide hot water, to heat and cool space, to dry
products and to provide heat, steam or refrigeration for industrial
processes or commercial cooking. By the end of 2016, solar
heating and cooling technologies had been sold in at least 127
countries." The cumulative capacity of glazed (flat plate and
vacuum tube technology) and unglazed collectors in operation
increased to a year-end total of 456 GWw, up from 435 GWw a
year earlier.? (- See Figure 22.)

As in 2015, the top five countries for cumulative capacity were
China, the United States, Turkey, Germany and Brazil.®* (> See
Figure 23) Solar thermal collectors of all types provided
approximately 375 TWh (1,350 PJ) of heat annually by the end of
2016, equivalent to the energy content of 221 million barrels of oil.4

Due to low fossil fuel prices throughout the year, new global
installations of solar thermal systems declined again in 2016. The
year's gross additions of 36.7 GWu were down by 8.5%, from
401 GWm in 2015.° Significant slowdowns were reported in Poland
(-58%), France (-35%), Austria (-19%) and Israel (-16%).° (> See
Figure 24,) Among the 20 largest markets, significant market
growth was reported in Denmark (84%), Mexico and India (both
6%).” As in 2015, the five leading countries for new installations in
2016 were China, Turkey, Brazil, India and the United States. The
top 20 countries for solar thermal installations accounted for an
estimated 94% of the global market in 2016.

In most of these top 20 countries, markets were dominated by flat
plate collectors. In China and India more than half of 2016 additions
were vacuum tube collectors.? In the United States, Australia and
South Africa more than half of new installations were unglazed
collectors (used mostly for heating swimming pools). Among the
top 20 markets, vacuum tube collectors accounted for 75% of
new installations, flat plate collectors made up 21%, and unglazed
water collectors accounted for the remaining 4%.°

Despite the downwards trend in China since its record year
in 2013, the country remains the world's largest solar thermal

market by far. New gross installations totalled 27.7 GWi
(39.5 million m?) in 2016, almost 19 times more than the second
largest market, Turkey.”® At year's end, China's operating capacity
was 325 GW (464 million m2), just over half of the 560 GW by
2020 target that was announced in the 13th Five-Year Plan for
Solar Applications."

The transition in China from small residential solar thermal units
to larger projects for multi-family houses, tourism and the public
sector accelerated in 2016, with large projects accounting for
68% of the country’s annual additions, up from 61% in 2015." This
trend was supported by an increasing demand for centralised
solar space heating systems in southern China, where heating
systems have been uncommon thus far and where fossil fuels are
expensive.® The transition also was driven by building codes in
urban areas, which mandate the use of solar thermal (and heat
pumps) in new construction and major renovations as a means
to reduce local air pollution.

Turkey's market remained strong but is difficult to measure
because it again consisted of a formal sector with brand-name
companies and an informal sector, in which systems are provided
by unregistered small producers. The formal market remained
fairly stable, with an estimated 1.1 GWi (1.53 million m?) installed in
2016." Residential demand (primarily for vacuum tube collectors)
accounted for 47% of new installations, up from 40% in 2015.®
Demand for flat plate collectors remained strong for commercial
projects at schools, dormitories, military stations and prisons.’®
Unregistered small producers accounted for another one-third
of the year's installations, bringing total new additions to around
1.47 GWin (2.1 million m?).”” The 13.6 GWin (19.4 million m?) of solar
thermal capacity in operation at the end of 2015 saved Turkey
around 10% of its annual natural gas consumption.”®

Brazil continued to rank third for new installations and remained
the largest solar thermal market in South America. With
0.91 GWu (1.3 million m?) added in 2016, Brazil was only slightly
ahead of India® The decrease in Brazil's solar thermal market
was relatively small (-7%) considering the country’s ongoing
economic and political crises and the slowdown of the social
housing programme Minha Casa Minha Visa (“My House, My
Life"), which mandated solar water heaters in new buildings for
very poor families.?® Reduced purchasing power resulted in a
10% decline in sales of unglazed collectors for swimming pools.”

India added 0.9 GWuw (1.28 million m?) in 2016, an increase of
6% relative to 2015.22 The market appears to be bouncing back,
following a temporary reduction in demand that resulted from the
suspension of India's national grant scheme in 2014.2° The share
of imported vacuum tubes grew to 88% (up from 82% in 2015).%
This segment included an increasing number of vacuum tubes
backed with aluminium mirrors (so-called compound parabolic
concentrators), which are used primarily for industrial process
heat applications. This trend was supported by a national
30% capital subsidy scheme for concentrating solar thermal
technologies, which has reduced the payback times to three to
four years for manufacturing businesses.?* Only 0.11 GW of flat
plate collectors (down from 0.15 GWs in 2015) was sold by the
handful of manufacturers that remains in India.?®

The United States was the fifth biggest market worldwide. The
country’s market volume was down only 3% relative to 2015,
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with 0.68 GWin (974,977 m?) added in 2016, despite low oil and
natural gas prices and the country’s increasing focus on solar
PV.?” The United States continued to be the largest market for
unglazed swimming pool systems (0.56 GW), followed by Brazil
(0.38 GWiw) and Australia (0.27 GWwn).2® The significantly
smaller US segment of glazed collectors saw additions of
0.12 GW in 2016, representing a slight increase (1%) following
two consecutive years of decline; the increase was driven by
state-level rebate schemes such as the California Solar Initiative
- Solar Thermal, and rebates in Massachusetts and New York
State, as well as the solar obligation in Hawaii.?®

The European Union (EU-28) was again the second largest
regional market after Asia, with estimated gross additions of
1.8 GW (approximately 2.5 million m?), 6.4% lower than in 2015.3°
The largest European market was again Germany, followed by
Denmark, which almost doubled its new installations in 2016.'
Beyond Denmark, 2016 was a challenging year in key markets
because of factors such as low oil and gas prices, declining
demand from homeowners and reduced interest in solar thermal
technology among installers. In Germany and ltaly, these
impeding factors had a stronger impact on investment decisions
than did a high level of subsidies.*?

In addition, energy-efficient building regulations supported
the installation of heat pumps in new buildings in Germany
and France, suppressing markets for solar thermal systems.®
In Poland, a lack of political support for solar thermal and
increased competition with hot water heat pumps, which are
considered cheaper and easier to install, resulted in a 58%
decline in the annual solar thermal market, to 81 MWi».%* The EU’s
cumulative installed capacity in operation at the end of 2016 was
approximately 34.4 GWu, representing around 8% of the world's
total.®®

Over the last five decades, the primary application of solar
thermal technology globally has been for water heating in
single-family houses; the residential segment accounted for
63% of the total installed collector capacity at the end of 2015
(the most recent data available).*® In recent years, however,
markets have been transitioning to large-scale systems for
water heating in multi-family buildings and in the tourism and

public sectors. In 2015, this commercial sector accounted for only
29% of the total collector capacity in operation worldwide, but it
represented 54% of newly installed collector capacity.” (= See
Figure 25.)

Globalisation of solar heating and cooling technologies continued
in 2016, with sales picking up in several new emerging markets,
including Argentina, the Middle East and parts of eastern and
central Africa.®® In Argentina, solar water heater installations
doubled year-on-year between 2012 and 2015.*° They have
seen increased popularity since July 2016, when the country's
president ordered a 260-litre thermosiphon system for his
residence.®® Rising electricity prices (e.g., Argentina) and solar
building obligations (e.g., Kenya and Dubai) also helped to drive
demand in these new markets.”

Solar district heating enjoyed increased attention across Europe
and China, led by Denmark, which had a record year for new
installations and experienced the fastest growth of new solar
thermal capacity among the top 20 markets. Denmark brought
into operation 31 new solar district heating plants and expanded
5 existing plants, for a total of 347 MW added in 2016; this
compares to 15 new and 3 expanded plants (totalling 1775 MWh)
in 2015.% The large majority of all plants use flat plate collectors;
the exception is the installation in Brenderslev (18.9 MWi»), which
uses parabolic trough collectors.*®

The strong market in Denmark was supported by good
framework conditions - including national taxes on fossil fuels,
sufficient land for cost-effective ground-mounted collector fields,
and the existence of non-profit, user-owned co-operatives that
operate local district heating systems. It also was motivated by
pending expiration (in December 2016) of a 2012 energy savings
agreement between Danish district heating companies and
Denmark’s energy ministry, which prompted several utilities to
complete their solar district heating systems by year's end.** In
December, the Danish Energy Ministry signed a new agreement
with district heating companies, allowing them to fulfill energy
savings mandates for the period 2016-2020 by extending existing
solar district heating plants or by initiating the construction of
new facilities by mid-2018.%




Among Denmark’s new installations is the world’s largest solar
thermal plant, with 110 MW, (156,694 m?) of installed capacity,
in the town of Silkeborg.*® The solar district heating plant was
commissioned (by Danish turnkey supplier Arcon-Sunmark) in
December, after only seven months of construction.” The world's
second largest solar thermal plant - the 49 MW (70,000 m?)
district heating field in Vojens - also is located in Denmark.*® At
the end of 2016, Denmark’s solar district heating capacity totalled
911 MWi (1.3 million m?), with 104 systems in operation.*°

The successes in Denmark have inspired intensive discussions
and project development activities in other central European
countries, especially in Germany and Poland.®® Consequently,
Germany's first record-size solar district heating plant in 11 years
came online in August 2016, when 5.8 MW, (8,300 m?) of vacuum
tube collectors began feeding into the municipal district heating
network in Senftenberg.®' In total, Germany installed a combined
9 MW (12,921 m?) in four new systems, increasing the country's
district heating capacity to 39 MW by year's end.®

In addition, two other solar district heating plants larger than 350
kWi (500 m?) began operation in Europe in 2016: Sweden added
a 0.7 MW (1,050 m?) installation in Tornberget, and a 0.58 MW
(830 m?) solar thermal plant began supplying heat to multi-
family houses in a new neighbourhood near Paris, France.®®
Spain’s plans for new large-scale solar thermal installations in
Barcelona did not materialise due to a lack of affordable space for
the collectors in the dense urban area.’* At the end of 2016, Europe
was home to 290 large-scale systems with a total of 1.1 GWh
(1.58 million m?), making up around 3% of the region’s total
operating solar thermal capacity.®®

Interest in solar district heat increased beyond Europe as well.
In the Chinese province of Shandong, a subsidy scheme was
announced in 2016 to support central space heating systems in
public buildings, such as schools, hospitals, nursing homes and
daycare facilities.®® One of the first larger solar district heating
plants, completed in 2013, is a 81 MW (11,592 m2) vacuum tube
collector system that provides heat for student flats at the Hebei
University of Economics and Business; in recent years, this facility
has helped to draw attention to the huge potential of solar thermal
technology in the world's largest district heating market.*”

The share of solar energy that can be achieved in a district heating
network depends heavily on the type and scale of integrated
storage solutions. The plant in Silkeborg, Denmark was built with
short-term storage of 32,000 m® and was designed to meet around
20% of the annual heating demand of the network's 21,000 users.®
In contrast, the solar share at Denmark’s Vojens plant has reached
45% because the facility includes a water-filled basin with 203,000
m? of storage.®® Canada’s Drake Landing Solar community, with
borehole seasonal storage, demonstrated in 2016 that solar
district heating has the potential to cover even a 100% share of a
system's heating demand in winter. System improvements such as
lowering the district loop temperature and enhancing the thermal
stratification in the tank made it possible for the system to meet
the entire space heating demand of 52 energy-efficient residential
buildings during the winter of 2015-16.5°

Solar thermal technologies - including concentrating collector
types such as linear Fresnel, parabolic trough and dish collectors
- also are used to provide process heat for a growing number of
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manufacturing facilities.”” Process heat accounts for around two-
thirds of final energy consumption in the industry sector, and 52%
ofthat heat demand is in the low- and medium-temperature range
(below 400°C) and thus suitable for solar thermal technologies.®?
The potential for solar thermal in the industry sector is significant.

The year 2016 saw the first assessment for the world market of
solar heat for industrial processes (SHIP).5 At the end of 2016
at least 525 SHIP plants were in operation, totalling a minimum
of 416,414 m? of collector and mirror area (291 MWu) - enough
capacity to provide approximately 18 GWh (1 PJ) of industrial
process heat by the end of 2016.%4 Prior to the assessment, it was
estimated that 195 SHIP systems were in operation worldwide,
with a total collector/mirror area of 177,892 m? (125 MWi»).8°

The industry segments with the highest numbers of realised SHIP
plants in 2016 were food and beverage, machinery and textiles.®®
A number of projects were built around the world during the
year, paving the way for other manufacturing businesses. One
example was the Amul Fed Dairy in India, which installed a
561 m? parabolic trough collector field to supply steam for milk
pasteurisation; this project has the potential to be replicated by
several other dairies in the region.’” In South Africa, the Cape
Brewing Company installed a 120 m? flat plate collector field to
supply heat for its brewing process; this system was only the fifth
SHIP plant in the country.®®

Good sun conditions for solar concentrating technologies
in Australia’s desert, coupled with relatively high gas and oil
prices, facilitated the construction of a concentrating solar plant
at a tomato farm in the state of South Australia.®® A mirror field
(52,000 m?) reflects the sunlight towards a receiver that provides
heat for three different applications: heating greenhouses in
winter and during cold summer nights, desalinating seawater
and periodically running a steam turbine to produce electricity.”
Austria saw the installation of a record-size process heat
installation at the automotive consulting company AVL List; the
new 1,585 m? flat plate collector field supplies energy for the heat
demand of the factory's test facilities.”

Copper mining and enhanced oil recovery have seen the largest
SHIP installations to date. The largest solar process heat plant in
operation worldwide in 2016 was a 27.5 MW (39,300 m?) facility
located at the Gabriela Mistral mine in Chile. Over the first 35
months of its operation, the plant recorded a specific yield of
1112 kWh per m?; the output was as simulated, notwithstanding
the operational challenges of the large field's hydraulics and
the dusty surroundings.? In September 2016, Mexico saw
the completion of its first solar-heated copper mine project at
La Parrefia, in the centre of the country. The 4.4 MW
(6,270 m?) facility was designed to cover 58% of the mine's demand
for heat.”® Despite these positive developments, deployment of
solar thermal technology in copper mining has been limited due
to the industry’s reluctance to make long-term investments while
the global price of copper has been in decline.”

Also in 2016, construction continued on the 1 GWi enhanced oil
recovery plant in Oman.”® As of early 2017, the USD 600 million
facility, which is 36 times bigger than the largest SHIP plant in
operation, was ahead of schedule and under budget, and the first
of 36 greenhouse blocks was expected to start producing steam
before the end of 20177
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SOLAR THERMAL HEATING AND COOLING

Figure 22. Solar Water Heating Collectors Global Capacity, 2006-2016
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Figure 23. Solar Water Heating Collectors Global Capacity in Operation,
Shares of Top 12 Countries and Rest of World, 2015
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Figure 24. Solar Water Heating Collector Additions, Top 20 Countries for Capacity Added, 2016
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Figure 25. Solar Water Heater Applications for Newly Installed Capacity, by Economic Region, 2015
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Solar process heat is far from meeting its economic and technical
potential. Low fossil fuel prices and lack of concern among industry
stakeholders about CO. emissions and other environmental
challenges have limited interest in alternative energy sources,
including solar thermal. According to suppliers of SHIP, the most
important conditions for enabling robust market development are
high fossil energy prices and political mandates for the use of solar
process heat” In a survey, 79% of participating SHIP suppliers
identified energy heat supply contracts as an important means to
increase deployment; however, only 34% offered such contracts
as of 2016.% The industry has acknowledged a need to develop
business models that reduce the risk and the upfront costs for small
and medium-sized enterprises in order to expand the SHIP market.”

Solar PV-thermal (PV-T) technologies capture the waste heat
from solar PV modules, which utilise only 12-15% of the incoming
sunlight, to provide heat for space and water. Monitoring of a
largescale demonstration PV-T plant in Switzerland found that
the system could achieve an annual thermal yield of 330 kWh per
m? in addition to the annual 163 kWh per m? of solar electricity
that it produced.®® In 2016, France and Switzerland both reported
increased numbers of new PV-T projects, but with different
applications. In France, about 55,000 m? of systems — mostly
air-based PV-T elements for single-family houses — was installed
during the year; this total was close to the newly installed water-
driven flat plate collector area (65,900 m?).f" In Switzerland,
unglazed water collectors dominate the market, increasingly in
combination with heat pumps to regenerate boreholes over the
summer; by the end of 2016, the country had an estimated 300
PV-T installations.®?

Solar thermal cooling continued to face challenges during 2016 in
the key markets of Europe and China due to falling solar PV prices,
which allow for the cost-effective operation of compression
chillers powered by solar electricity during daylight, and to low
fossil fuel prices.®® Even so, significantly hot summer periods in
southern Europe, as well as the use of natural refrigerants like
water or ammonia, have increased the awareness of solar cooling
technologies in the region’s construction industry. As a result,
solar cooling systems are used increasingly for commercial and
public buildings when also supplying year-round solar hot water.®

Preliminary findings in Europe are that multi-usage solar thermal
systems that supply hot water throughout the year, space heating
during transition periods, and space cooling during hot summer
periods are highly efficient and have the potential to cover up to 50%
of the total heat and cooling demand of high-efficient buildings in
the region.®® Server centres also are a promising market for solar
cooling (as in Italy).®® Thanks to the high subsidy of the national
rebate programme Conto Termico 2.0, Italy was the key sales market
for solar thermal-driven chillers in Europe in 2016.8”

In China, increasing use of solar space heating installations
during 2016 also offered new opportunities for solar cooling
because surplus heat in summer can be used for air conditioning.
This combined heating and cooling operation mode was first
demonstrated in 2016 in an office building in Shanghai with a
200 m? flat plate collector field and a 23 kW absorption chiller.t®

Increasing demand for air conditioning in sun-rich countries,
combined with financial support from international development
agencies, has helped to spread interest in solar heat-driven cooling

systems in non-OECD countries. In 2016, three new solar cooling
systems were completed in Jordan: Royal Culture Center (160 kW
of cooling), Irbid Chamber of Commerce (50 kW of cooling) and
Mutah University (20 kW of cooling).?® During the non-cooling
season, these systems can support the buildings’ hot water
demand and thereby increase the usable solar yield over the year.
In neighbouring Egypt, a 35 kW chiller, supplied by a linear Fresnel
collector, began cooling a medical centre north of Cairo in October
2016. The project was jointly implemented by experts from Egypt,
Greece, Italy and Cyprus and received European funding.*°

Also in 2016, a Brazilian university in the province of Minas Gerais,
in co-operation with a local electricity supplier, installed two
solar cooling demonstration systems, with a 10 kW and a 35 kW
imported absorption chiller and locally produced collectors.”
As of early 2017, a 3.1 MW (4,450 m?) collector field was under
construction to supply space cooling and hot water to a hospital
in Managua, Nicaragua.®> The USD 4.2 million (EUR 4 million)
project was financed through a soft loan provided by Raiffeisen
Bank International for developing countries.®

.

SOLAR THERMAL HEATING AND COOLING INDUSTRY

The year 2016 was a turning point in the solar thermal industry.
Demand from homeowners, for many years the core sales
segment for the solar thermal industry, again declined, and
installers - the key supply chain partners of the industry in
Europe - showed less interest in solar thermal technology. To
counter the declining demand from established sales partners
and end-consumers, an increasing number of manufacturers of
solar collectors and tanks changed their product lines and sales
strategies.

Many suppliers of solar thermal systems responded to the
challenges by taking new directions and diversifying their
portfolios. In Austria, for example, several collector manufacturers
added heat pumps and solar PV solutions to their product offerings
in order to provide complete heating system solutions.®* In China,
manufacturers concentrated on new applications such as space
heating and cooling, as well as drying of agricultural products.®®




In addition to focusing on new applications for solar thermal
technologies, some suppliers are developing new business
models. In Germany, manufacturers of solar thermal systems
provided potential end-consumers with online sales platforms
for heating systems with or without solar energy; clients could
provide information online about their desired heating system and
then receive an offer directly from the system supplier, bypassing
the installer.?® In Spain, the industry has sold a growing number
of non-subsidised systems (20% of the total market volume) by
offering loans in partnership with financial institutions.*”

Despite the challenges in much of Europe and China, some
industrial players benefited from strong tailwinds in 2016. In
response to strong market growth in Argentina, at least 32
businesses started commercial activities during the vyear,
for a total of at least 134 solar thermal businesses.®® Greek
manufacturers saw their exports rise 14% in 2016 (to 231 MWh),
following a 7% increase in 2015, due to the cost-competitiveness
and good reputation of their products. Their exports even
exceeded domestic sales, of 189 MW.*°

Manufacturers of air collectors in Germany and Austria recorded
increasing sales, despite the general downwards trend in these
countries. This growth was supported by cost-effective system
solutions (e.g., in contrast to water-driven solar systems, air units
do not need tanks, pumps or expansion vessels), combined with
high investment subsidies.'®

The year 2016 was a bright period for suppliers of solar district
heating systems in Denmark, where the capacity of solar thermal
plants supplying district heat doubled in 2016, The strong
demand led market leader Arcon-Sunmark to greatly increase
its production volume; this Danish collector manufacturer and
turnkey system supplier was responsible for 87% of Denmark's
new installations during the year.®? In mid-2016, Arcon-Sunmark
expanded its business model to China, the world's largest district
heating market, with around 463 GW4 of installed capacity as of
2014 (the latest data available).*® Arcon-Sunmark established a
joint venture with China's market leader, Jiangsu Sunrain Solar
Energy, to offer large-scale solar heating solutions to the Chinese
market.1%4

Denmark'’s district heating networks are optimised for the feed-in
of solar heat with low feed-line and return temperatures. Outside of
Denmark, district heating networks usually operate at significantly
higher temperatures, reducing the efficiency of conventional flat
plate collectors.® To meet this challenge of transferring solar district
heating to other countries, an increasing number of manufacturers in
Europe developed mid-temperature flat plate collectors that employ
either a second glass cover or a foil between the absorber and the
glass cover®® In mid-2016, initial monitoring results confirmed the
remarkable performance of this new generation of collectors even
for use with higher-temperature district heating networks (feed-line
80-129°C and return line 58-70°C).*”

Most leading solar thermal manufacturers worldwide consolidated
their positions in 2016. The largest manufacturers of vacuum tube
collectors were again Sunrise East Group (including the Sunrain
and Micoe brands), Himin, Linuo Paradigma and Sangle - all based
in China/°® The largest manufacturers of flat plate collectors were
again Greenonetec (Austria), Fivestar (China), Soletrol (Brazil) and
Bosch Thermotechnik (Germany)®® Two large players dropped
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from the ranking in 2016: Ezing (Turkey) stopped production in
June, and Prosunpro (China) has cut production sharply in recent
years because of financial troubles,"

Poland's industry experienced significant consolidation in 2016.
The Polish collector manufacturer Hewalex, which is among
the leading flat plate collector manufacturers worldwide, saw its
sales fall by 60% in 2016, due to a 58% drop in domestic sales.™
Following the production closure of Watt in 2015, two additional
Polish flat plate collector manufacturers - Solver and Geres
Asco - stopped production in 2016. Several solar thermal system
suppliers that focused on imported vacuum tubes closed up
shop, following a near 90% drop in sales of vacuum tube collector
systems in Poland during the year."

An increasing number of companies considered solar thermal for
industrial processes (SHIP) to be an attractive business area in
2016. A world map published in early 2017 included 71 SHIP-related
companies from 22 countries; 42 of these companies reported that
they had already completed turnkey SHIP reference plants™® An
additional 29 companies were SHIP start-ups or market-ready
SHIP plant suppliers that already had experience with commercial
solar installations, such as solar for cooling or power generation.”
Nearly two-thirds (58%) of the identified SHIP suppliers operated
their own collector production facilities, with the most common
collector type being parabolic trough (18 companies), followed by
flat plate (10), linear Fresnel and vacuum tube (5 companies each)
and concentrating dish (4)." The hubs of turnkey SHIP technology
supply are China, Mexico, India and Germany."®

In the solar cooling industry, a key area of focus has been on
reducing costs. Standardisation of systems is one way to
reduce investment costs of technologies, such as solar cooling,
that continue to see only small market volumes. Individually
engineered solutions that consist of a chiller, a collector
field, tanks and a re-cooler generally result in higher costs.
Manufacturers from around the globe have responded to the
challenge by developing pre-engineered solar cooling kits with
cooling capacities between 2.5 kW and 40 kW that are suitable
for single-family, multi-family and commercial properties.” As
of early 2017, 10 such commercial or semi-commercial solar
cooling kits were available, including 4 powered by solar thermal
collectors, 5 powered by solar PV units, and 1 powered by both of
these solar energy sources."®

PV-T technologies combine solar electricity with solar heat
production in one element. After several years of a highly
fluctuating industry landscape, with PV-T manufacturers
coming and going, in 2016 the market was firmly in the hands
of specialised suppliers with approved PV-T technologies™ As
of early 2017, 53 manufacturers and suppliers of PV-T panels
were identified, with 52% of them based in Germany (10), Italy
(8), France (5) and Switzerland (5)*° The majority of them
(38 companies) offered water-driven unglazed PV-T elements,
9 firms sold air-driven PV-T collectors, and 6 companies offered
glazed, water-driven PV-T models.
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WIND POWER

WIND POWER MARKETS

Almost 55 GW of wind power capacity was added during
2016, increasing the global total about 12% to nearly 487 GW!
Gross additions were 14% below the record high in 2015, but
they represented the second largest annual market to date.?
(-~ See Figure 26.) By the end of 2016, over 90 countries had seen
commercial wind power activity, and 29 countries - representing
every region - had more than 1 GW in operation.®

Asignificant decline in the Chinese market (following a very strong
2015) was responsible for most of the market contraction.* Even
so, China retained its lead for new installations, followed distantly
by the United States and Germany, with India passing Brazil
to rank fourth.® Others in the top 10 for additions were France,
Turkey, the Netherlands, the United Kingdom and Canada.® (=
See Figure 27 and Reference Table R9.) New markets continued
to open elsewhere in Asia and across Africa, Latin America and
the Middle East; and Bolivia and Georgia installed their first wind
plants of scale in 2016.” At year's end, the leading countries for
total wind power capacity per inhabitant were Denmark, Sweden,
Germany, Ireland and Portugal.®

For the eighth consecutive year, Asia was the largest regional
market, representing about half of added capacity, with Europe
and North America accounting for most of the rest.? Growth in
some of the largest markets was affected by uncertainty about
future policy changes, and cyclical or policy-related slowdowns
affected some markets; however, wind deployment also was
driven by cost-competitiveness and by environmental and other
factors.”® Wind has become the least-cost option for new power
generating capacity in an increasing number of markets."

China added 23.4 GW in 2016, for total installed capacity
approaching 169 GW, and accounted for one-third of total global
capacity by year's end.” New installations were down 24% relative
to 2015, when a record annual market was driven by looming
reductions in China’s FIT.® The drop was due in part to weak
electricity demand growth and to grid integration challenges.™
About 19.3 GW was integrated into the national grid and started
receiving the FIT premium in 2016, with approximately 149 GW
considered officially grid-connected by year's end.”®

The top provinces for capacity additions were Yunnan (3.3 GW),
Hebei (1.7 GW) and Jiangsu (1.5 GW), with the latter two relatively
close to demand centres.”® Although the northern and western
provinces were still home to a significant portion of China's wind
power capacity at year's end, for the first time new installations
increased substantially in the southern and eastern regions, in
response to new regulations to steer investment away from high-
curtailment areas.”

Despite the central government's introduction of new regulations
to ensure guaranteed annual full load hours for wind (and solar)
energy, curtailment remained a major challenge (even for nuclear
power) in China in 2016 due to poor grid connections, lack of
transmission infrastructure, slower-than-expected demand
growth and grid managers' preference for coal-fired generation.®
Overall, an estimated 49.7 TWh of potential wind energy was
curtailed, or a national average of 17% for the year, with far higher
rates in some provinces.® Even with curtailment, wind power's
share of China's total generation has increased steadily in recent
years, reaching 4% in 2016 (up from 3.3% in 2015), or 241 TWh.?®

Elsewhere in Asia, India installed 3.6 GW to end 2016 with
28.7 GW, firming up its fourth-place position for total capacity.?'
India's record installations were due largely to a rush to take
advantage of incentives that were set to decline or expire in early
2017.%2 Turkey had a record year, adding nearly 1.4 GW in 2016 to
rank again among the top 10 for new capacity, for a total of 6.1 GW.%
Pakistan (0.3 GW), the Republic of Korea and Japan (both around
0.2 GW) also added capacity, helping to push Asia's total above
203 GW.* By late 2016, significant additional capacity was under
construction in the region, including Indonesia's first utility-scale
wind farm, and Vietnam had just contracted another 940 MW.°

The United States ranked second for additions (8.2 GW), for
cumulative capacity at year's end (82.1 GW) and for wind power
generation (226.5 TWh; only 6% below China) during 2016.?
Wind power accounted for one-fourth of newly installed US
power generating capacity, ranking third after solar PV and
natural gas for gross capacity additions, and second for net
additions.?” Texas led for capacity added (2.6 GW), and at year's
end the state was home to one-quarter of US capacity; it was
followed by Oklahoma (added 1.5 GW), lowa (0.7 GW), Kansas
and North Dakota.?® Nebraska became the 18th US state to
exceed 1 GW of cumulative wind power capacity.?

US utilities continued to invest strongly in wind power, with some
going beyond state mandates based on favourable economics.*°
The cost-competitiveness of wind power also drove corporate
and other purchasers, with a diverse range of new companies
entering the market. Non-utilities accounted for 39% of more
than 4 GW contracted in 2016, down from 2015 (52%) but up
significantly over the previous two years (23% in 2014 and 5% in
2013).%" By the end of 2016, an additional 10.4 GW of wind power
capacity was under construction,®?

To the north, Canada added 0.7 GW, about half the 2015 level, for
a total of 11.9 GW.*3 Although growth slowed relative to 2014 and
2015, wind energy has represented Canada’s largest source of
new electricity generation for 11 years.** The province of Ontario
continued to lead for cumulative capacity, adding 0.4 GW (for a
total of 4.8 GW), followed by Québec (added 0.2 GW for a total
of 3.5 GW), while Prince Edward Island had the country’s highest
penetration rate (25%).%°




The EU installed nearly 12.5 GW of gross capacity (12 GW net,
accounting for decommissioning), down 3% from the region’s
2015 record high; additions were up 11% onshore and down almost
50% offshore.®® Total capacity at year's end reached 153.7 GW
(92% onshore and 8% offshore).®” Wind represented the largest
percentage of new power capacity in the region (51% of gross
additions), followed by solar PV; new fossil fuel power capacity
(less than 14% of additions) was far exceeded by retirements.* By
the end of 2016, 16 EU member states had more than 1 GW each.®

However, ongoing economic crises and austerity measures,
combined with the transition from regulated prices (under FiTs)
to tenders has affected growth.*® In response to abrupt and, in
some cases, retroactive policy changes, annual installations
have contracted significantly in several well-established markets,
including Italy and Spain# As of early 2017, only seven EU
member states had renewable energy targets in place for beyond
2020.% Consequently, installations were concentrated in a handful
of countries: the top five markets in 2016 (Germany, France, the
Netherlands, the United Kingdom and Poland) accounted for 75%
of the region’s newly added capacity.** Despite ranking among
the top five, installations in Poland and the United Kingdom were
down significantly relative to 2015.%

Germany again was the largest European market, increasing
operating wind power capacity by almost 5 GW for a total of 49.5 GW
(454 GW onshore and 4.2 GW offshore).®® Germany's boom
was driven largely by the looming shift from guaranteed FITs
to competitive auctions for most renewables installations as of
January 20174 Five other EU countries had a record year for new
installations, including France (adding 1.6 GW), the Netherlands
(0.9 GW, mostly offshore), Finland (0.6 GW), Ireland (0.4 GW) and
Lithuania (0.2 GW).# Finland and Lithuania both saw their total
wind power capacity increase by over 56%, and the Netherlands
joined the global top 10 for annual additions for the first time in
decades.* Total EU generation from wind power in 2016 was around
300 TWh, up only slightly over 2015 due to a relatively poor wind
year following an unusually strong one.*® Elsewhere in Europe, the
Russian Federation ended the year with little capacity but awarded
about 700 MW of projects in its first wind power auction in 2016.%°

Latin America and the Caribbean was the next largest installer by
region. Eight countries added more than 3.5 GW and, by end-2016,
the region had over 18.8 GW in at least 16 countries.”” Additions
were significantly below 2015, due largely to reductions in Brazil
and Mexico.%? Brazil continued to lead the region and to rank
among the global top 10, despite the ongoing economic recession
and weak electricity demand growth.®® Approximately 2 GW was
commissioned for a total exceeding 10.7 GW, although not all
was grid-connected by year's end, due to a lack of transmission
lines and to the slow pace of construction.®* Brazil met 5.7% of its
electricity demand with wind power in 2016.%° The cancellation of
December's auction made this the first year since 2009 that Brazil
did not procure renewable power; as a result, wind equipment
manufacturers were seeing idled capacity in early 2017.5°

Other countries in the region to add capacity included Chile
(0.5 GW), which had a record year; Mexico (0.5 GW), which held
its first auction in 2016; Uruguay (0.4 GW); and Peru (0.1 GW).%
Both Chile and Uruguay passed the 1 GW mark for total capacity.®®
Argentina brought no capacity online but built up a solid pipeline
of more than 1.4 GW over the year in response to tenders.*®
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The African market was smaller than in 2014 and 2015, with
South Africa adding only 0.4 GW for a total approaching 1.5 GW.%°
Morocco auctioned 850 MW of wind projects at record-low prices,
and construction continued on Kenya's Lake Turkana project.”’
The Lake Turkana project (310 MW) is the single largest private
investment in Kenya's history to date and, upon commissioning in
2017, will represent approximately 15% of the country’s generating
capacity and will be Africa’s largest wind farm.?

There was little activity in the Oceania region during the year.
Australia added only 140 MW for a total of 4.3 GW.®% In the Middle
East, Kuwait was constructing a 10 MW wind farm during 2016,
and, in early 2017, Saudi Arabia commissioned its first utility-scale
turbine and announced a 400 MW tender.®*

Offshore, about 2.2 GW of capacity was connected to grids (and
9 MW decommissioned) in 2016, for a world total approaching
14.4 GW.® As in previous years, Europe was home to the majority
of capacity brought online (1.6 GW; 70% of global additions) and
total operating offshore (12.6 GW; almost 88%).%° (= See Figure 28.)
Germany (0.9 GW), the Netherlands (0.7 GW) and the United
Kingdom (56 MW) were the only European countries to add
capacity offshore, although several gigawatts of projects were
under construction in European waters at year's end, driven by
rapidly falling costs.®”

China accounted for most of the remainder (adding
0.6 GW), driven in part by limited potential for further onshore
deployment in the country’'s northern and western regions.%®
Even so, development is proceeding relatively slowly, and China
remains far short of its original target of 5 GW by 2015 (pushed to
2020 in 2016).%° The Republic of Korea and the United States both
completed their first commercial offshore wind farms (30 MW
each), and Japan connected a single (7 MW) floating turbine.”
The US offshore industry has advanced relatively slowly for
several reasons, including a complex regulatory environment and
higher relative costs; however, as of late 2016, several gigawatts
of additional capacity were in various stages of development.”

Interms of total offshore capacity, the United Kingdom maintained
its lead, with almost 5.2 GW at year's end, followed by Germany
(415 GW), China (1.9 GW), which overtook Denmark (1.3 GW),
and the Netherlands (1.1 GW), which passed Belgium (0.7 GW).”
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Offshore and on land, independent power producers (IPPs)
and energy utilities remained the most important clients in
terms of capacity under construction and in operation, but
interest increased in other sectors.” Corporations continued to
purchase wind power from utilities, signing PPAs or buying their
own turbines to power operations to obtain access to reliable
low-cost power”* By end-2016, US cumulative corporate PPA
capacity exceeded 5.6 GW, and Europe's had reached 1 GW.”®
Sweden and Norway, for example, have seen a surge in demand
for wind generation from insurance companies and large
corporations.”®

Community and citizen ownership of wind generation
also expanded during 2016, but only slowly.”” Spain's first
community-owned wind project was under development; a
project was completed in Australia; and Ontario (Canada'’s) first
community-owned project achieved commercial operation.”
Japan had an estimated 37 MW of community’ wind power
capacity at end-2016.° However, there is concern that policy
changes - particularly transitions from FITs to tenders - are
slowing the pace of development.®®

Policies also have affected the market for small-scale' turbines,
which are used for a variety of applications, including defence,
rural electrification, water pumping, battery charging and
telecommunications, and increasingly to displace diesel in
remote locations.®” The global market grew 5-7% in 2015 (the
latest data available), and total capacity was up an estimated
12-15%.%2 By vyear's end, more than 995,000/ small-scale
turbines, or over 935 MW, were operating worldwide (up from
830 MW at end-2014).83

While most countries have some small-scale turbines in use, the
majority of units and capacity operating at the end of 2015 was
in China (415 MW), the United States (230 MW) and the United
Kingdom.®* Other leaders included ltaly (59 MW) and Germany
(26 MW), with ltaly seeing a significant increase in 2016.%° In
response to obstacles such as policy changes and competition
with solar PV, the top markets have contracted in recent years.®
China has seen a steady decline since its 2009-2011 high, the
UK market was down significantly in 2015, and the US market
increased slightly in 2015 but was down substantially relative
to 2013.8” However, other markets such as Japan are starting to
emerge.®

Repowering has become a billion-dollar market, particularly
in Europe.® While most repowering involves the replacement
of old turbines with fewer, larger, taller, and more-efficient and
reliable machines, some operators are switching even relatively
new machines for upgraded turbines (including software
improvements).®® During 2016, at least 721 turbines (totalling
around 533 MW) were decommissioned, representing a

and the majority of social and economic benefits are distributed locally.

significantincrease in numbers and capacity over 2015.%" Germany
dismantled 242 turbines (262 MW), followed by Denmark,
the United States, Finland, Canada, the United Kingdom, the
Netherlands, Sweden and Japan.®? In the United States, the
extension of federal tax credits has incentivised repowering (and
retrofitting) of existing assets, which enables owners to quality for
another decade of credits.®

Wind power is playing a greater role in power supply in a growing
number of countries. In 2016, wind energy covered an estimated
10.4% of EU demand and equal or higher shares in at least 11 EU
member states, as well as in Uruguay and Costa Rica.** (- See
Figure 29,) At least 24 countries around the world met 5% or
more of their annual electricity demand with wind power.®® In the
United States, utility-scale wind power represented over 5.5% of
total electricity generation and accounted for more than 15% of
generation in nine states, including lowa (36.6%).°° Two German
states had enough wind capacity at year's end to meet over 86%
of their electricity needs, and four had enough capacity to meet
over 60% of their needs.*” Globally, wind power capacity in place
by the end of 2016 was enough to meet an estimated 4% of total
electricity consumption.®®

Defined as having at least two of the following three criteria: a project is mostly, if not fully, locally owned; a community-based organisation controls voting;

Small-scale wind systems generally are considered to include turbines that produce enough power for a single home, farm or small business (keeping in

mind that consumption levels vary considerably across countries). The International Electrotechnical Commission sets a limit at approximately 50 kW, and
the World Wind Energy Association (WWEA) and the American Wind Energy Association define “small-scale” as up to 100 kW, which is the range also used
in the GSR; however, size varies according to the needs and/or laws of a country or state/province, and there is no globally recognised definition or size limit.
For more information, see, for example, WWEA, Small Wind World Report 2017 (Bonn: 2017), Summary, http://small-wind.org/wp-content/uploads/2014/12/

SWWR2017-SUMMARY.pdf.

i Total number of units does not include some major markets, including India, for which data were not available. Taking this into account, more than 1 million

units are estimated to be operating worldwide, from WWEA, Small Wind World Report 2017.
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WIND POWER INDUSTRY

The year saw several developments that could have significant
implications (positive and negative) for the wind power industry
in future years, including ratification of the Paris Agreement, the
United Kingdom's vote to exit the EU, elections in key wind power
markets and additional large energy companies entering the
sector.®® It was a good year for top turbine manufacturers, with
several seeing their orders and revenue up over 2015.°° Driven
largely by competition with low-cost natural gas capacity and
increasingly with solar PV, companies continued innovating in
order to reduce prices and improve yields.”!

Energy costs vary widely according to wind resource, regulatory
and fiscal framework, the cost of capital and other local
influences.®® In 2016, the LCOE of wind energy continued to
fall as know-how about siting and maintenance advanced,
turbine production became more standardised, and turbine size,
efficiency and capacity factors increased further®® There were
record low bids in tenders in Chile, India, Mexico and Morocco,
and prices fell rapidly in some offshore tenders in Europe (see
below).** Onshore wind was the most cost-effective option for
new grid-based power during 2016 in many markets, including
Brazil, Canada, Chile, Mexico, Morocco, South Africa, Turkey, and
parts of Australia, China, Europe and the United States.'®

Even so, challenges remain, with wind power still vulnerable
to policy changes or measures to protect fossil fuels in some
countries.”® In addition, as the amount of wind output and its share
of total generation have increased, so have grid-related challenges
in several countries. Challenges for wind power - both onshore
and offshore - include lack of transmission infrastructure, delays
in grid connection, lack of public acceptance, and curtailment
where regulations and current management systems make it
difficult to integrate large amounts of variable renewables.”
(» See Feature chapter,) Curtailment in China cost the country’s
industry significant revenue in 2016,
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Most wind turbine manufacturing takes place in China, the EU,
India and the United States, and the majority is concentrated
among relatively few players.®® In 2016, Vestas (Denmark) retook
its lead from Goldwind (China), due largely to its strong year in
the US market."® GE (United States) rose one step to take second
place, followed closely by Goldwind (down two), with Gamesa
(Spain; up one) and Enercon (Germany; up one) rounding out
the top five™ Others in the top 10 were Siemens and Nordex
Acciona (both Germany), followed by United Power, Envision
and Mingyang (all China)"® (= See Figure 30,) Goldwind and
other top Chinese companies lost ground due mainly to their
heavy reliance on the domestic market.™ Vestas was the most
globalised supplier in 2016, with installations in 34 countries.™

The world's top 10 turbine manufacturers captured 75% of the
2016 market."™® However, components are supplied from many
countries: blade manufacturing, for example, has shifted from
Europe to North America, South and East Asia and, most recently,
Latin America and North Africa, to be closer to new markets."®

In response to increasing demand for wind power technologies
and projects, turbine suppliers and project developers expanded
or opened new factories and offices around the world. In the
United States, at least seven companies enlarged existing
manufacturing plants.” To support the European offshore
industry, Siemens opened a new blade plant in England and
broke ground on a nacelle factory in Germany." The company
also finalised an agreement to build a rotor blade manufacturing
factory in Morocco™ Senvion (Germany) opened regional
subsidiaries in Japan and India; Innogy (RWE; Germany) moved
into Ireland to build an onshore portfolio, and DONG (Denmark)
opened an office in Chinese Taipei to develop offshore projects.’?°

Companies expanded their scale and reach through some
important mergers and acquisitions, and consolidation continued
across the value chain® Nordex completed its acquisition of
Acciona Windpower, which was well-positioned in emerging
markets, to form a new major player’? In June, the merger
between Siemens and Gamesa was confirmed (and cleared by
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the EU in early 2017), creating the world's largest wind power
company in terms of capacity in operation.? Later in the year,
Siemens-Gamesa announced plans to purchase French nuclear
firm Areva's share of Adwen (Germany), a player in the offshore
industry.”** To gain assets upstream, GE acquired LM Wind Power
(Denmark), a blade manufacturer that has supplied blades to
most of the world's top turbine manufacturers; Senvion acquired
blade manufacturer Euros Group (Germany); Nordex purchased
SSP Technology (Germany), a developer and manufacturer of
rotor blade moulds; and Vestas acquired Availon (Germany) to
expand its service business.?® Several state-owned Chinese
companies acquired assets around the world, and Electricité
de France (EDF) became the first European wind operator
to enter the Chinese market when it acquired UPC Asia Wind
Management.'?

The wind industry also showed growing interest in hybrid
installations, particularly with solar PV. By the end of 2016, four of
the world's top turbine companies - GE, Gamesa, Goldwind and
Mingyang - had entered the solar industry.” Some companies
were developing locally integrated solar PV-wind hybrid projects
during the year, and Suzlon (India) and Gamesa both announced
plans to increase their focus on wind-solar hybrids, which can
strengthen a plant's generation profile and enable sharing of
resources for construction and maintenance.”® Hybrid projects
that include storage technologies also are being developed.™
Early in 2016, Gamesa unveiled a hybrid solar-wind-diesel system
with energy storage for the off-grid sector.*°

At the same time, non-wind companies are moving (back) further
into the wind power sector. During 2016, Shell (Netherlands),
Statoil (Norway) and Keystone (United States) leveraged their
expertise in offshore oil into offshore wind energy development;
Swedish utility Vattenfall, which started with coal, had more
offshore wind power capacity than coal-fired power capacity
by year's end; and DONG Energy announced that it was selling
its core oil and gas business to focus on offshore wind power.™
In addition, China General Nuclear Power acquired 14 Irish
wind farms from Gaelectric, and Russian state-owned nuclear
company Rosatom entered the wind energy market with plans to
develop a 610 MW project pipeline.*?

Wind energy technology continued to evolve, driven by mounting
global competition; by the need to improve the ease and cost of
turbine manufacturing and transportation; by the need to optimise
power generation at lower wind speeds; and increasingly by
demanding grid codes to deal with rising penetration of variable
renewable sources.*

The industry refined materials and design, as well as O&M
regimes - particularly for blade tips, which undergo much
wear and tear. To reduce logistical challenges and costs of
transport, and to increase use of local labour, innovations have
included two-part blades, nesting towers and portable concrete
manufacturing facilities for tower construction® Siemens
unveiled a low-noise blade add-on, inspired by the silent flight
of owls, and Vestas began testing its four-rotor concept turbine,
which aims to reduce transportation requirements and to
minimise structural costs.’®®

Digitalisation continued in an effort to provide better quality of and
access to data for siting and design, performance management,

and trading and balancing of output®® GE introduced new
software applications for its digital ecosystem, released in 2015;
other major manufacturers, including Vestas and Envision,
launched advanced data analytics packages; and Goldwind
introduced a 3 MW platform with smart turbine controls.”®”

To boost output, the general trend continued towards larger
machines - including longer blades, higher hub heights and,
in particular, larger rotor sizes.® Such changes have driven
capacity factors significantly higher within given wind resource
regimes, creating further opportunities in established markets as
well as new ones.'® For example, average capacity factors for all
operational wind farms in Brazil increased from 38.8% in 2015 to
over 40.9% in 2016, as new projects with better technology came
online."®

Manufacturers raced to launch larger turbines during 2016, with
new machines released or announced by several companies,
including Enercon, GE, Nordex and Senvion for onshore, and
Siemens and MHI Vestas for offshore!* Increasingly, large
manufacturers are developing new turbine options based on
tested and well-proven existing platforms, which enables them
to more easily develop turbines for specific markets while also
minimising costs."?

Not surprisingly, capacity ratings also climbed in 2016: the
average size turbine delivered to market was up 6.4% over 2015,
to 216 MW.® By region, average turbine sizes were highest in
the Middle East and the Commonwealth of Independent States
(2.8 MW), due to the installation of several 3.3 MW machines,
followed by Europe (2.7 MW), Latin America (2.3 MW), North
America (2.2 MW), and Africa and Oceania (both below 2 MW),"4
Turbines in the 2-2.5 MW size range accounted for nearly two-
thirds of global supply in 2016.4

Offshore, the need to reduce costs through scale and
standardisation has driven up sizes of turbines as well as of
projects.*® In Europe, the average capacity of new turbines
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under construction offshore was 4.8 MW, up 15% relative to
2015 and 62% larger than a decade ago; the average size of
turbines ordered in the second half of 2016 was 7.7 MW.¥’ Vestas,
Siemens, GE and Adwen all had 8 MW turbines on the market or
nearly commercialised by year's end, and the first 8 MW turbines
to be installed offshore were grid-connected in 2016.® In early
2017, MHI Vestas Offshore Wind unveiled an up-rated version of
its 8 MW turbine that can achieve a rated power of 9 MW, the
turbine's swept area is larger than the London Eye ferris wheel*

The offshore wind industry differs technologically and logistically
from onshore wind.*® Siemens was the leading offshore turbine
supplier in 2016, accounting for nearly 67% of added capacity,
followed by Shanghai Electric Wind Power Equipment, or Sewind
(China; 24.6%); considering all capacity operating globally by
year-end, Siemens and MHI Vestas combined had supplied
nearly three-fourths of the total.® DONG Energy (Denmark) was
the largest owner, accounting for more than 16% of cumulative
offshore installations in Europe, followed by Vattenfall, E.ON
and Innogy.® During the year, GE moved into the offshore
marketplace, and European developers, including DONG, were
positioning to play a role offshore in the United States.'®

The offshore industry continued to move farther out and
into deeper waters, and the average size of projects under
construction continued to rise.* Substructures are evolving to
help reduce project costs and logistical challenges. Although
the majority of turbines installed off Europe in 2016 continued to
stand on monopiles (88%), followed by jackets (12%), a wide array
of foundations is in demonstration and development.®® Siemens,
for example, is developing a hybrid gravity-jacket concept.®® The
industry also continued to develop floating turbines (anchored
by mooring systems), adapted from deep water oil and gas
drilling rigs.”®” In 2016, Japan added a turbine to its demonstration
project off the coast of Fukushima, making it the largest floating
project to date, and France awarded tenders for pilot plants.®® A
commercial project using Statoil's Hywind design off the Scottish

coast was under development during the year, and, in early 2017,
projects using floating turbines were announced or granted
consent in Ireland, Japan and Scotland.'®

Other significant advances in 2016 included the installation of
DONG Energy's advanced BEACon radar system, developed
by SmartWind Technologies (United States), which provides
minute-by-minute three-dimensional data of wind as it flows
through a wind farm or stretch of sea. The radar can provide
valuable insights to inform the siting, design and operation of
future offshore projects.® In addition, Siemens launched a
customised transport vessel that allows for rolling nacelles on
and off deck, avoiding the need for crane operations.’®

The economics of offshore wind power have improved far faster
than experts expected, driven down rapidly by a combination of
economies of scale achieved by larger turbines and large projects;
increased competition among developers; increased experience,
which reduces operating costs; technical improvements
with turbines, installation processes, grid connection, and
maintenance strategies and logistics; and lower cost of capital
due to reduced perception of risk in financial markets.'®?

In June 2016, nine European countries agreed to co-operate
on offshore wind power through joint tenders. The same day,
11 companies signed an open letter calling for a stable legal
framework and aiming to produce offshore wind power more
cheaply than coal within the decade: for less than EUR 80 per
MWh (USD 84 per MWh as of end-2016) per project by 202563
The industry moved closer to these targets during the year, and
tenders in late 2016 brought record low bids for projects off the
Danish and Dutch coasts: between EUR 50 per MWh and EUR
72 per MWh GBP 100 per MWh (USD 123 per MWh), excluding
grid-connection costs.'** By one estimate, the industry achieved
a 2012 UK government goal - to reduce the offshore LCOE by
one-third, to GBP 100 per MWh (USD 123 per MWh) by 2020 -
four years ahead of schedule.’®®
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EX WIND POWER

Figure 26. Wind Power Global Capacity and Annual Additions, 2006-2016
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Figure 27. Wind Power Capacity and Additions, Top 10 Countries, 2016
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Figure 28. Wind Power Offshore Global Capacity, by Region, 2006-2016
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Figure 29. Share of Electricity Demand Met by Wind Power, Selected Countries with over 10% and EU-28, 2016
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Figure 30. Market Shares of Top 10 Wind Turbine Manufacturers, 2016
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Small-scale windturbine costs also are trending downwards, while
capacity factors are rising.'®® To increase the competitiveness of
small-scale wind, several leading US companies have begun
offering long-term leases to build on the success of third-party
financing for solar PV.%” In 2016, Statoil and United Wind (United
States) announced a joint venture, securing Statoil's entry into
the US small-scale and distributed wind market; and Northern
Power Systems announced that it was partnering with LFC
Capital (both United States) to offer a lease programme.'®® Other
companies are building, owning and operating on-site turbines
and selling power through PPAs."®®

China, Germany, the United Kingdom and the United States
account for a large portion of small-scale turbine manufacturers;
aside from China, developing countries still play a minor role.”
Even so, the number of producers in China and the United
States has declined significantly in recent years.”" Endurance
Wind Power (Canada) filed for bankruptcy in 2016, after
UK FIT cuts reduced demand in the company's primary market.”
US manufacturers continued to rely heavily on export markets;

US exports doubled (to 21.5 MW) from 2014 to 2015 (latest
available data) and accounted for 83% of sales (up from 29%
in 2010).7® Chinese manufacturers also rely on international
markets, mainly developed countries, for larger machines
(e.g. 20-30 kW)

- See Sidebar 2 and Table 2 on the following pages for
a summary of the main renewable energy technologies and
their characteristics and costs.”®




X

Renewable Energy
Policy Network
for the 21st Century

SIDEBAR 2. Renewable Power Technology Cost Trends, 2010-2016

Among the most transformative events of the current decade
has been the dramatic, and sustained, improvement in the
competitiveness of renewable power generation technologies.
Around the world, renewables have benefited from a cycle of
falling costs spurred on by accelerated deployment, and the
competiveness of renewable power generation technologies
continues to improve. Bio-power, hydropower, geothermal
and onshore wind power all can be competitive with fossil
fuel-fired power generation where good resources exist.

Of all renewable energy technologies, utility-scale (larger
than 1MW capacity) solar PV has experienced the most rapid
decline in the levelised cost of electricity (LCOE), driven by
reductions in module prices and balance of systems costs'.
Between 2010 and 2016, the global weighted average total
installed cost of commissioned utility-scale solar PV projects
fell by 65%, with the LCOE falling by 67% over the period.
Projects commissioned in 2016 had an average LCOE of
around USD 0.12 per kWh, and a range of USD 0.05 per kWh
to USD 0.35 per kWhi. Costs vary by region, with the 2016
weighted average LCOE of utility-scale solar PV at USD 0.09
per kWh in China and India (down 68% from 2010), USD 0.14
per kWh in OECD countries (down 61% from 2010) and
USD 0.17 per kWh elsewhere (down 57% from 2011). (- See
Table 2.) LCOE ranges have narrowed significantly across all
regional groupings, and there is evidence of acceleration in
the convergence of solar PV installed costs towards the most
competitive levels.

Onshore wind power has undergone a quiet revolution over
the years. During the period 1983 to 2016, and considering the
12 countries that accounted for 87% of deployment, the LCOE
dropped by an average of 15% for each doubling of installed
capacity. The weighted average investment cost of onshore
wind declined by more than two-thirds, from USD 4,880 per
kW in 1983 to USD 1,457 per kW in 2016, due to increasing
economies of scale and to improvements in manufacturing
and technology. Due in large part to technology advances,
the global weighted average capacity factor for onshore wind
power rose from 20% in 1983 to 29% in 2016.

The global weighted average LCOE of onshore wind power
fell by 18% between 2010 and 2016 alone, to USD 0.07 per
kWh for wind farms commissioned in 2016. Onshore wind
power has seen a significant convergence in average LCOEs
across regions, despite differences in regional cost structures,
market sizes and technical skills, and varying dynamics in
supply chains. China and India have some of the world's
lowest total installed costs, resulting in a weighted average
LCOE of USD 0.065 per kWh in 2016 (down 7% from 2010);
average LCOEs were higher in OECD countries (USD 0.074
per kWh; down 26% from 2010) and in the rest of the world
(USD 0.083 per kWh; down 29% from 2010).

Source: IRENA. See endnote 175 of Wind Power section in this chapter.

Offshore wind power costs, in general, are higher than for
other renewable power generation technologies. However,
they are falling due to several factors - including technology
advances and economies of scale - and good cost reduction
opportunities remain. In OECD countries, where most
offshore wind capacity is deployed, the average LCOE of
projects commissioned in 2016 was estimated at USD 0.15
per kWh. In China the LCOE of projects under construction
or commissioned is estimated to average USD 0.16 per kWh
(down 4% from 2010) - a bit higher than in Europe, even
though projects are in shallower water and closer to shore. In
2016, where appropriate de-risking of projects had occurred,
some PPAs and tenders for future projects were signed at
much lower prices. This development highlights the likely
impact of lower-than-average financing costs and technology
improvements (notably the very large wind turbines being
planned for new offshore projects).

CSP costs also remain higher than those for other renewable
power generation options on average, but they have good
cost-reduction opportunities, and costs are falling. It is
estimated that the weighted average LCOE of CSP plants fell
by 18% between 2010 and 2016, with an LCOE of USD 0.27
per kWh for plants commissioned in 2016.

LCOEs of the more mature renewable power generation
technologies - bio-power, geothermal and hydropower — have
been broadly stable, with some short-term exceptions. For
example, the global weighted average LCOE of geothermal
and hydropower rose between 2010 and 2016. The weighted
average total installed cost of hydropower projects reached
USD 1,755 per kW (weighted average LCOE of USD 0.05 per
kWh) for plants commissioned in 2016, more than offsetting
an increase since 2010 in the weighted average capacity
factor of new plants.

Further research is needed to identify the reasons for these
increases, although the small sample size in the case of
geothermal power means that the increase is not statistically
significant. Even taking into account these average price
increases, however, these mature technologies can provide
some of the lowest-cost electricity of any source where
untapped and economical resources remain,

i Between 2010 and 2016, module price reductions (of 80% or more)
accounted for almost 60% of the decline in the global weighted
average LCOE of utility-scale solar PV, and balance of systems cost
reductions accounted for the remainder.

i Assumes a real weighted average cost of capital of 7.5% in the OECD
and China, and 10% in all other countries. This differentiation reflects
the very wide range of costs between established markets with good
civil engineering capabilities and excellent solar resources, and other
locations with much more challenging logistics and poorer solar
resources.
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Table 2. Status of Renewable Energy Technologies: Costs and Capacity Factors

BIO-POWER

GEOTHERMAL
POWER

Lovelsed Costof Energy USD/KWh 0| 005|010 05| 020 025]

Africa [
Asia L)
Central America and the Caribbean [ J
Eurasia [
Europe

Middle East

North America [ J
Oceania

South America [ J

China (]

India [ J

United States ®

Lovelised Cost of Energy _UsD/iwh 0| 005 | 010| 015|020 025 030

Africa ()

Asia ®
Central America and the Caribbean o
Eurasia ®
Europe [ ]
Middle East

North America (]
Oceania ()
South America ®
China

India

United States [ ]

Levelised Cost of Energy _USD/kWhol| 0102l 03 04

Africa ®
Asia [ ]
Central America and the Caribbean [}
Eurasia [
Europe [ ]
Middle East [}
North America ®
Oceania ®
South America ([ ]
China ®
India o
United States [
_)

Africa o
Asia ()
Central America and the Caribbean [ ]
Eurasia [
Europe o
Middle East [ ]
North America [
Oceania °
South America o
China [}
India °
United States [}

= LCOE range ® = LCOE weighted average wa = weighted average




Investment Cost USD

Africa

Asia

Central America and the Caribbean
Eurasia
Europe

Middle East
North America
Oceania

South America
China

India

United States

Investment Cost  USD

Africa

Asia

Central America and the Caribbean
Eurasia®*
Europe

Middle East
North America
Oceania™
South America
China

India

United States

Investment Cost USD

Africa

Asia

Central America and the Caribbean
Eurasia
Europe

Middle East
North America
Oceania

South America
China

India

United States

Africa

Asia

Central America and the Caribbean
Eurasia
Europe

Middle East
North America
Oceania
South America
China

India

United States

min

625
865
534
1344
956
885
868

1200
542
865
1668

min

1719

2047
3260
2613
3613

2029
3303
3027
1501
1501
2941

min

920
483
1650
m
570
1238
1051
3470
799
971
1014
723

818
832
1337
1484
944
131
965
1600
1407
1022
916
1241

5579
3334
7805
7106

7599
4272
7375

1666
6082
2113

7375

max

7689
5045
3537
3278
8919

8353
4676
4348
9722
7475
8353

max

6730
7553
4474
5934
5388
1656
5195

4119

5743
2581

2556
6757

6848
6124
4000
3697
2827
4000
5900
2785
4951
1953
1832
2971

wa

@ 1654
e 1318
® 1666
e 1756
® 3423
® 2895
® 3666

01433
1215
01043
® 4135

wa

® 3818
e 3116
® 3413
e 3113
5209

e 5017
® 3796
® 3587
1943
® 2169
® 5961

wa

e 1593
® 1446
® 3230
@ 1530
01847
® 1526
2309
® 3689
e 1755
e 1273
e 1519

1384

® 2344
e 1414

® 2001
® 2537
1370

® 2554
02203
® 2477
® 2477
01083
01064
1998

REN21

B[

Capacity Factor min max wa

0.45 0.91 0 0.62

0.63 0.9 0 0.67
0.27 0.63 006
071 0.96 0 0.83

0.45 0.93 086
0.29 0.93 0 0.57
016 0.93 0 0.78

0.21 0.94 0053
0.21 0.95 0 0.62
0.63 0.9 ©0.77
0.89 0.96 ©0.93

Capacity Factor min max wa
0.8 0.92 00384
0.58 0.9 0 0.85
0.57 0.6 ¢ 0.58
0.8 0.8 0038
0.6 0.8 0 0.66

0.74 0.92 0 0.83

0.8 0.8 0038

0.8 0.95 00.82
0.74 0.9 0079

Capacity Factor min max wa

0.3 0.65 0043
0.16 0.81 e 0.47
0.32 0.57 0 0.53
0.3 0.72 0054
0.16 0.7 ¢ 0.38
0.2 0.76 0 0.36

0.38 0.78 ©0.49
0.39 0.48 ®0.45
0.49 0.91 © 0.61
0.32 0.6 005

0.25 0.81 0 0.44
0.38 0.78 ©0.39

é

014 0.28 002

01 0.25 ©0.16
016 0.23 e 0.19
0.1 018 0014
0.1 0.3 0012
017 0.35 ®0.26
012 0.34 002

0.2 0.25 0023
012 0.34 0024
017 0.19 e 0.17

016 0.22 ¢ 019
016 0.32 ©0.19

Source: IRENA. See endnote 175 of Wind Power section in this chapter.
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Table 2. Status of Renewable Energy Technologies: Costs and Capacity Factors (continued)
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Source: IRENA. See endnote 175 of Wind Power section in this chapter.

* All projects indicate the same capacity factor.

Note: All monetary values are expressed in USDzos. LCOE is computed using a weighted average cost of capital of 7.5% for OECD countries and China and
10% for the rest of the world. For recent cost and characteristics data for heating and cooling, biofuels and distributed renewable energy technologies, see

Table 2 in GSR 2015. The costs and analysis exclude subsidies and/or taxes. Regional groupings for this table only are defined in IRENA, Renewable Power

Generation Costs in 2014 (Abu Dhabi: 2015), www.irena.org/costs.
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Capabilities in communication
and control evolve continuously and
offer new opportunities for flexibility.
INFORMATION AND COMMUNICATION
TECHNOLOGIES (ICTs) are at the heart
of advanced energy supply, demand and grid
management. ICT enable remote systems control and
automation, utilising timely flow of information on
system resources for the optimal moment-to-moment

H‘ operation of the grid.

Telecommunication tower - Maasai Mara
National Park, Kenya
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03 DISTRIBUTED RENEWABLE ENERGY
FOR ENERGY ACCESS

Distributed renewable energy (DRE)' systems are power,
cooking, heating and cooling systems that generate and
distribute services independently of any centralised system, in
both urban and rural areas of the developing world. They already
provide energy services to millions of people, and their numbers
continue to increase annually.

DRE systems can serve as a complement to centralised energy
generation systems, or as a substitute. They can provide affordable
lighting, enhance communications, and facilitate greater quality
and availability of education due to longer studying periods and
the enhanced use of informational technologies in the classroom.
They also can provide greater quality and availability of health
services. In addition, the use of DRE systems and integration of
renewables into existing mini-grids can reduce dependence on
fossil fuel imports,

DRE systems offer an unprecedented opportunity to accelerate
the transition to modern energy services in remote and rural
areas, while also offering co-benefits', Although these co-benefits
are diverse and difficult to value and monetise, they cut across
the following dimensions:

m Cost savings when compared to the grid in many markets
m Fuel availability and/or stability and predictability of prices
m Modularity, flexibility and rapid construction times

m Faster technological learning curves and rates of improvement
compared to fossil fuels

® Enhanced reliability and resilience

m Improved health through reductions in indoor air pollution

m Contribution to climate change mitigation

m Reductions in deforestation and in environmental degradation

m Positive effects on women's empowerment

m Reductions of poverty among vulnerable groups.'

This chapter provides a picture of the current status of DRE

markets in developing countries and presents an overview of the
major networks and programmes that were operational in 2016.

See Sidebar 9 of GSR 2014 for more on the definition and conceptualisation of DRE.

i "Co-benefits” refers to the positive side effects, secondary benefits, collateral benefits or associated benefits from a particular policy or

renewable energy system. Akiko Miyatsuka and Eric Zusman, "What Are Co-benefits?" (Kanagawa, Japan: Asian Co-benefits Partnership, October
2010), http://pub.iges.or.jp/modules/envirolib/upload/3378/attach/acp_factsheet_1_what_co-benefits.pdf.

Endnotes: see full version online at www.ren21.net/gsr
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STATUS OF ENERGY ACCESS:
AN OVERVIEW

Approximately 119 billion people (about 16% of the global popu-
lation) lived without electricity in 2014, about 15 million people
fewer than in 2013.2 About 2.7 billion people (38% of the global
population) are without clean cooking facilities.®

Figure 31. Electricity Access in Developing Countries, 2014
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Numbers and trends differ greatly by region. The vast majority
of people without access to electricity and clean cooking are in
sub-Saharan Africa and the Oceania region, and most of them
live in rural areas.* (- See Figures 31 and 32.)

In Africa, nearly 60% of people have no access to reliable
electricity.® To put these numbers in perspective, the entire
continent of Africa has about 150 GW of installed power generating
capacity, uses about 3% of the world’s electricity (mostly within

Source: See endnote 4 for this chapter.

Figure 32. Access to Clean Cooking Facilities in Developing Countries, 2014
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Source: See endnote 4 for this chapter.
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South Africa) and accounts for only about 1% of the world's CO,
emissions.® The official electrification rate for sub-Saharan Africa
is 35%, and only 13 of the region's 38 countries have power
systems larger than 1 GW.” With only 50 GW of installed capacity,
the entire electricity supply of sub-Saharan Africa (excluding
South Africa) is less than that of the Republic of Korea.®

In addition, about 793 million people (69%) in Africa lack access
to clean cooking facilities, the vast majority of which (792 million)
are concentrated in sub-Saharan Africa.® Roughly 134 million
people in Nigeria, 92 million people in Ethiopia and 71 million
people in the Democratic Republic of the Congo still rely on
firewood, charcoal or dung for cooking purposes.

In Asia, countries such as China, Malaysia and Singapore have
made great strides towards electrification. Elsewhere in the
region, however, comparatively high percentages of national
populations remain without access to modern energy. India
is home to more people without reliable access to electricity
networks (244 million, or 19% of the population) than any other
country worldwide." Bangladesh has approximately 60 million
people without electricity access (38% of the population),
Pakistan has 51 million people (27%), and Indonesia has 41 million
people (16%)."? In Cambodia, 97% of the urban population has
access to electricity, while only 18% of the rural population has
access.” In addition, the number of people relying on firewood,
dung cakes, charcoal or crop residue to meet their household
cooking needs is more than 819 million (63%) in India, 453 million
(33%) in China, 142 million (89%) in Bangladesh, 105 million
(56%) in Pakistan and 97 million (38%) in Indonesia."

Although the Middle East and Northern Africa regions have
electrification rates of almost 92% and 99%, respectively, in some
individual countries high shares of the population still lack access
to modern energy.”® In Yemen, 54% of the population (14 million
people) does not have access to electricity, and 31% (8 million
people) lacks access to modern cooking fuels and technologies.’®

Similarly, in Latin America and the Caribbean, 95% of inhabitants
have access to grid electricity; the 22 million people without
access are concentrated largely in six countries: Bolivia, Colombia,
Guatemala, Haiti, Nicaragua and Peru.” About 65 million people
in the region (14% of the population) do not have access to clean
forms of cooking.® In Haiti, 92% of the population is dependent
on traditional cooking fuels and devices, while in Honduras,
Guatemala and Nicaragua 50% or less of the population has
access to clean cooking solutions.”

DISTRIBUTED RENEWABLE ENERGY
TECHNOLOGIES AND MARKETS

People in rural and remote regions generally acquire improved
access to energy in three ways: 1) through household-level use
of isolated devices and systems to generate power and heat
for space and water heating, cooking and productive uses; 2)
through community-level or renewable energy-based mini- or
micro-grid systems; and 3) through grid-based electrification,
where the grid is extended beyond urban and peri-urban areas.

This section focuses on the first two (distributed) means of
improving energy access and includes small-scale solar PV and
stand-alone lighting systems; wind turbines; biodiesel generators
and micro-and pico-hydro stations for electricity generation;
mini-grids; and solar and biomass heating and cooling units and
cooking devices. Distributed energy use varies by price, resource
base and type of household, among other factors.?®

In recent years, off-grid solar energy has been one of the fastest
growing industries in providing energy access.?’ Between 2010
and 2016, about 23.5 million off-grid solar systems (pico-solar
and solar home systems of less than 100 W) were sold worldwide,
providing an array of services.?? In 2016, nearly 8.2 million off-
grid solar systems were sold, representing a global increase of
41% compared to 2015.2° By 2016, more than 100 companies
worldwide actively focused on stand-alone solar lanterns and
solar home system (SHS) kits.?*

Across the top five countries of the distributed solar industry,
sales in India, Kenya and Uganda increased in 2016 compared
to 2015, whereas sales in Ethiopia and Tanzania decreased.?®
(» See Figure 33,) Sales were highest in sub-Saharan Africa,
although sales in that region decreased by about 1 million in 2016
(35%) compared to 2015..2°

Roughly 10% of the 600 million people living off-grid on the African
continent are supplied with energy through DRE systems.?” Eastern
Africa accounted for an estimated 70% of sales of pico-PV and SHS
in sub-Saharan Africa in 2016 . In Kenya, more than 30% of
people living off the grid have a solar product at home.?® Several
countries, including Benin, Nigeria and Rwanda, recorded sales
exceeding 100,000 units in 2016.%° Benin recorded more than five-
fold growth, which may be attributed mainly to active government
engagement and to the introduction of Pay-As-You-Go (PAYG)
models.® In South-Central Asia, the second largest market for
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Figure 33. Sales of Off-Grid Solar Systems in Top 5 Countries, 2015-2016
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’ See endnote 25 for this chapter.

distributed solar systems, sales increased 19% from 2015 to 2016,
including record sales of 3.1 million off-grid solar products in India.

The smallest distributed solar PV systems are pico-PV systems
(1-10 W), which can power small lights, low-power appliances
and mobile phone charging stations.* These systems typically
decrease in size as the efficiency of appliances that use the
generated power improves. Pico-PV systems replace kerosene
lamps, candles and battery-powered flashlights and are the most
widely used DRE technologies by far.**

Cumulative sales of branded pico-solar products (mainly portable
lights) since 2010 surpassed 23 million units in 2016.%° In 2016,
more than 7.5 million pico-PV products were sold, representing
94% of all off-grid solar products sales; sub-Saharan Africa
and South Asia together accounted for 81% of global sales
(6.57 million units).*® Products with a single light and mobile
phone charging capability were the most-sold pico-PV products
in the first half of 2016 and represented 38% and 41% of reported
off-grid sales, respectively.¥

Sales of small 3-10 W pico-solar systems are gaining momentum.
In the first half of 2016, sales of these systems increased nearly
five-fold to 750,000 units, from about 150,000 units in the second
half of 2015.%® In South Asia, sales grew 547%, from 35,000 units
t0 227,000 units.®

Solar home systems (10-500 W) generally consist of a solar
module and a battery, along with a charge control device,
so that direct current (DC) power is available during dark and
cloudy periods. SHS provide electricity to off-grid households for
lighting, radios, television, refrigeration and access to the Internet.

Systems in this size range also can be used for non-domestic
applications such as powering telecommunications, water
pumping, navigational aids, health clinics, educational facilities and
community centres. For higher power demands (e.g., 500-1,000
W), larger solar panels, additional battery capacity and inverters
may be needed; the advantages of such systems lie in their ability
to power more-sophisticated electric appliances.“°

As of 2016, more than 6 million SHS and kits were in operation
worldwide, with 25 million people benefiting from them.” Some
377,000 SHS (ranging from 10 W to 100-plus W) were sold
worldwide in 2016; sales increased by more than 55% in the first
half of 2016, to 204,000 units (compared to the 132,000 units sold
from July to December 2015), and reached 172,000 units in the
second half of 2016.42 Market leaders such as M-KOPA, Off Grid
Electric, d.Light, BBOXX, Nova Lumos and Mobisol served about
700,000 customers as of 2016.% Bangladesh - the largest SHS
market worldwide - now has more than 4 million units installed.
Off-grid SHS units are cost-competitive with the grid in many
African countries and often offer energy services at equal or
lower cost that are of better quality than lighting from kerosene
lanterns.4*

Small-scale wind turbines’ (100 kW or less) often are used to
produce electricity for farms, homes and small businesses; off-
grid applications include rural electrification, water pumping,
telecommunication and hybrid systems with diesel and solar
PV. Total installed capacity reached 415 MW in China by the end
of 2015, and limited amounts of small-scale wind power capacity
operate in other developing countries, including Argentina, India and
Morocco.*

i For definition of small-scale wind turbines, see Wind Power section in Market and Industry Trends chapter.
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Biogas systems continued to be adopted for electricity provision
in 2016. Natural oils from crops such as jatropha, and recycled
agricultural or animal waste can produce a substitute fuel for
diesel for power generation in small-scale applications, and
agricultural residues (such as rice husks, straw, coconut husks,
shell and maize stover) can be used for commercial-scale power
generation. (- See Biomass Energy section in Market and Industry
Trends chapter) At the end of 2015, at least 700,000 biogas
digesters were in use across the developing world.*®

During 2016, micro-hydropower systems (generally less than
100 kW, some micro-turbine systems produce 50-1,500 W)
continued to be installed for off-grid applications, including
irrigation, pumping and other forms of mechanical power as well
as supplemental power sources for grid-connected users.#” In
Nepal, more than 2,500 micro-hydro-based mini-grid systems,
with a total capacity of about 25 MW, had been installed as of
early 2016.4% In late 2016, the ADB announced plans to fund 1,000
micro-hydro plants in Pakistan's Khyber Pakhtunkhwa province.*®

In tandem with exponential increases in access to electricity
supply, the use of electric household appliances is growing.
Televisions and space cooling and refrigeration units are seen
as key preferences for households after satisfying basic lighting

and communication needs.*®® Increasing the energy efficiency
of these devices may have a positive impact on energy access.”
(= See Sidebar 3.)

The deployment of renewable mini-grids accelerated in 2016 as well,
and this market now exceeds USD 200 billion annually.% Renewable
mini/micro-grids are either emerging or mature in markets on
almost every continent.®® (- See Figure 34.) Mini-grid projects are
being implemented with an increasing interest in interconnection,
both to centralised grids and/or to other mini-grids.>

More than 23 MW of mini/micro-grid projects based on solar PV
and wind power were announced in 2016, most of them in Africa.?
Madagascar partnered with Fluidic Energy to connect 100 remote
villages (400,000 people) to electricity through a 7.5 MW solar
PV-based mini-grid.*® Kenya successfully secured financing to
build 9.6 MW of solar-powered mini-grids and 0.6 MW of wind-
powered mini-grids.%” In 2016, a Tanzanian company launched
the first of 30 hybrid mini-grids planned for a two-year period; the
solar-diesel-power system, installed on Ukara Island, was expected
to provide power to some 2,000 customers.®® In Asia, more than
156 Indian households were connected to a solar mini-grid project
in the Ghatpendhri region during 2016.%°

The use of DRE systems for cooking and heating continued to

Figure 34. Status of Renewable Energy Mini/Micro-grid Markets, by Region

Region Autonomous Basic | Autonomous Full Interconnec':ted
Community
M Limited Central America and the Caribbean [ | |
O Pilots South America ] ]
I Emerging Northern Africa ™ m
Mature Sub-Saharan Africa [ | | |
Central and North Asia Om [ | |
East and South Asia O m |
Middle East [ | O [ |
Source: See
endnote 53 for Oceania [ O
this chapter.

Note: The figure provides an assessment of the maturity of the market, ranging from very few (limited), to isolated exploration (pilots), to developing market
(emerging) to active deployment today (mature). Autonomous basic mini-grids refer to systems for which power is supplied for less than 24 hours and may be
turned off when there is insufficient renewable energy to meet load. Autonomous full mini-grids refer to systems that can provide power on a 24-hour basis.
Interconnected community mini-grids refer to systems that may be used as a back-up to the main grid, designed to sustain only the most critical loads, or

that could be used to provide primary power, with the main grid as a back-up.
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SIDEBAR 3. Energy Access and the Energy Efficiency Nexus

By reducing the amount of energy required to provide modern
energy services, energy efficiency plays an important, and in
some cases necessary, role in driving energy access. Although
experience from the field is limited, evidence shows that
energy efficiency can dramatically improve the economics
of energy access by reducing the upfront investment and
ongoing fuel costs and by improving system reliability and
performance where existing supply resources fall short. By
one estimate, the use of currently available energy efficiency
measures could result in the delivery of universal access
to modern energy services using 50-85% less energy than
prevailing estimates say is required.

Energy efficiency enables distributed off-grid renewable
energy systems - such as pico-PV, solar home systems
and renewable mini-grids - to deliver energy services that
otherwise might be economically or technically infeasible,
especially for poor populations. Renewables already are the
most economical option for off-grid electrification in many
rural areas, thanks to dramatic cost reductions in recent
years. Combining renewables with energy efficiency enables
people to get the most out of every unit of energy, improving
the affordability of a system to meet their given needs.

LED lighting and highly efficient televisions, fans, refrigerators
and other appliances that are designed and optimised for use
with off-grid renewable energy technologies deliver higher
orders of energy service. Such super-efficient appliances
may cost more than less-efficient alternatives, but their
higher costs are offset by the lower upfront costs of the
energy system (a smaller system is required, reducing costs
by as much as 50%). Thus, these appliances reduce energy
service costs over the lifetime of the entire appliance-energy
system package.

In other words, by coupling high-efficiency products with
smaller energy systems (such as solar PV and batteries),
consumers can get the same or higher level of energy service
at lower cost overall. In Bangladesh, meeting the same
energy service needs with a 40 W solar home system rather
than an 85 W system reduces costs from around USD 565
to USD 300.

In some cases, energy efficiency has led to significant
advancements in energy access efforts. For example, the
rapidly improving energy efficiency and falling costs of
LED technology have helped to drive growth in the off-grid
lighting market. Global sales of quality-assured LED systems
exceeded 20.5 million units between mid-2010 and mid-2016.

Despite the vast potential for energy efficiency to improve
energy access and sustainable development efforts, it is
underutilised in both grid-connected and off-grid contexts.
Key financial and political decision makers often think
of energy access exclusively as a supply-side issue; as a
result, energy efficiency policy and related market activities

Source: See endnote 51 for this chapter.

often are undertaken too late to be optimised. If large-scale
projects consider possible joint energy efficiency measures,
more energy services can be delivered, providing greater
impact. Therefore, energy efficiency is part of the equation
for providing energy services to the largest number of people
and at least cost.

In the off-grid context, even though economic incentives are
strongly aligned with energy efficiency, additional barriers
remain. These include:

m Alack of products geared to the off-grid market and a lack
of expertise among appliance distributors regarding the
off-grid market. Few appliance manufacturers consider
the off-grid market seriously, and fewer still have expertise
in designing products for the base of the economic pyramid.

m A lack of knowledge among solar developers about
energy efficiency appliances. Few off-grid solar developers
and distributors are experts in sourcing appliances.

m A lack of information (and perhaps also a lack of financial
and political pressure) needed for policy makers, investors
and other essential actors to prioritise energy efficiency in
access projects.

Nevertheless, the productive interplay of energy access
and energy efficiency - whether on or off the grid - is
beginning to attract more attention, with increased focus
among experts on the important role of energy efficiency. For
example, investors such as Acumen and Shell Foundation
are considering adding off-grid (direct current) appliance
enterprises to their investment portfolios. With support
from development institutions such as the US Agency for
International Development (USAID) and the UK Department
for International Development (DFID), programmes such as
the Global LEAP Awards are driving innovation and filling
important information gaps by recognising and promoting
the world's best and most efficient appliances designed
and optimised for use with off-grid renewable energy
technologies. The Rockefeller Foundation-supported Smart
Power for Rural Development Initiative announced in 2016
a pilot project to deploy super-efficient appliances at its
renewable mini-grid sites.

In addition, there is growing policy support aimed atadvancing
the linkages between energy access and energy efficiency.
For example, in 2016 the Global Off-Grid Lighting Association
(GOGLA) began work with the East African Community to
provide a stable policy framework that supports the import of
appliances optimised for use with solar PV.
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increase in 2016. A variety of technologies can provide cooking
services in different capacities, which correspond to differences
in performance and cost.®® (= See Figure 35,) Wood, charcoal
and dung are still widely used around the world for cooking
purposes: dung is a major cooking fuel for about 185 million
people.’" Existing substitutes include improved and cost-
efficient biomass cook stoves, biogas cook stoves and electric
hot plates powered by SHS or mini-grids. Electric cooking
has reduced the consumption of firewood and/or charcoal
between 10% and 40%, whereas biogas stoves, which are
more widely used, have reduced these consumption levels
between 66% and 80%.52

In 2015, some 20 million clean cook stoves were distributed,
an 18% increase from the 17 million distributed in 2014.%° China
continued to lead installations in 2015, followed distantly by India,
Ethiopia, Nigeria and Bangladesh. Outside of China, sub-Saharan
Africa and South Asia were the two main markets for clean cook
stoves, accounting for 24% (4.8 million) and 20% (3.9 million) of
the units distributed.®* (- See Figure 36.)

About 2.9 million solar cookers had been installed in the
developing world by 2016.%° China had installed the highest
number of units overall (100,000 solar cookers), and Madagascar
had installed the highest number per capita (about 27 solar
cookers per 100,000 inhabitants).%

Figure 35. Cost of Various Cooking Technologies
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Figure 36. Number of Clean Cook Stoves Added in Top 5 Countries, 2014 and 2015
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The use of biogas for cooking also continued to increase in 2016.5”
(» See Figure 37) Asia leads in total installations of domestic
biogas plants, most of which are in China (42.6 million units at the
end of 2016) and India (4.7 million units), with an estimated 620,000
units installed elsewhere in the region.®® Asia also saw more new
installations of domestic biogas plants in 2016 than any other
region.®® In Africa, 68,000 biogas plants had been installed as of late
2016, mainly through the African Biogas Partnership Programme;
markets for biogas plants are growing on the continent, particularly
in Kenya and Ethiopia.” In Latin America, 90% of the cumulative
biogas plants installed in 2016 were in Nicaragua.”

Total energy systems, which integrate different technologies to
provide a bundle of services - usually electricity plus heating,
cooking, pumping or other end-uses - showed noteworthy
development, with new efforts emerging in 2016. Gamesa (Spain)
launched its first energy system targeting the supply of electricity
in areas without grid access by integrating solar PV, wind power,
dieseland energy storage technologiesto provide morethan 2 MW
of capacity.” Mali expanded its electrification model of "Hybrid
Systems Projects” consisting of diesel generators integrated with
solar units and batteries.”® The “Powerhive” approach to total

energy, which combines solar PV arrays, battery storage and
smart metering systems with mobile telecommunications and
payment applications, continued in East Africa during the year,
and an additional USD 20 million in funding was announced to
expand operations.’

INVESTMENT AND FINANCING

To achieve the objective of universal access to energy by 2030,
the Sustainable Energy for All (SEforALL) platform recommends
an annual investment of USD 50 billion.”® Current levels (around
USD 13 billion in 2013, focused mostly on electricity) are far from
this target.”® Funding from multilateral organisations and bilateral
donors continued to be the main source of financing for energy
access investments (accounting for 55% of all such investments
in 2013), though out of the total energy investment portfolios of
major multilateral donors, the share of investment allocated to
energy access and distributed renewable energy in particular,
remains comparatively small.”” (= See Figure 38, Although
public international finance for climate change and clean energy
systems - one of many channels through which DRE is financed

Figure 37. Number of Domestic Biogas Plants Installed in Top 5 Countries, Total and Annual Additions, 2014-2016
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- totalled about USD 14.1 billion over the period 2003-2015, only
3% of this total (USD 475 million) was allocated to DRE-specific
activities.”® Debt financing, equity and to some extent grants are
the main financing vehicles in the DRE sector.

Investments from multilateral and bilateral funding sources
continued to flow to DRE activities or projects in 2016. The
World Bank pledged USD 625 million for a project that will install
solar PV panels on rooftops around India.”® The ADB granted
USD 11 billion in loans towards off-grid energy initiatives in
India, Pakistan and Sri Lanka.?® The African Development Bank
(AfDB), through the Sustainable Energy Fund for Africa (SEFA),
awarded some USD 1 million to the Republic of Niger and
USD 840,000 to Rwanda to promote mini-grids.®

During 2016, the Green Climate Fund (GCF) approved
investments of USD 78.4 million in the Deutsche Bank Universal
Green Energy Access Program (UGEAP) fund for Africa, which
aims to raise USD 300 million total for DRE projects in Benin,
Namibia, Nigeria and Tanzania.?> Deutsche Bank, through the
UGEAP, will work with local financial institutions in an innovative
structure that enables local banks to extend medium- and long-
term loans to DRE companies and initiatives.®

The KawiSafi Ventures Fund for East Africa received USD 25
million in funding from the GCF in late 2015.84 In 2016, these funds
(by means of equity and debt financing) were used to support
dlight and BBOXX in expanding their businesses.®® Sweden
donated USD 4.3 million to Uganda’s CleanStart programme,
which is expected to enable 150,000 households to shift to clean
energy by 2020.%¢
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Investment in off-grid solar PV continued to grow in 2016,
dominated mainly by investments in PAYG companies. (= See
Business Models section,) In 2016, some USD 223 million was
raised by PAYG solar PV companies, an increase of about 40%
from 2015.87 (= See Figure 39.)

Lumos Global, an off-grid solar company operating in Nigeria,
announced that it raised funding of USD 90 million (both debt
financing and equity) during 2016 to further develop its operations
- one of the largest amounts raised by a single company in a
calendar year to date in the sector.®® d.light, a manufacturer of
off-grid solar lighting and power products traditionally focused
on cash sales, raised USD 30 million in 2016 to expand its PAYG
business.?* BBOXX and Mobisol each raised USD 20 million to
expand their operations in Kenya, Rwanda and Tanzania, and Off

Figure 38. Overview of Multilateral Funding for Energy Access and Distributed Renewable Energy, 2012-2015
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Source: See endnote 78 for this chapter.

Note: The figure provides an assessment of the maturity of the market, ranging from very few (limited), to isolated exploration (pilots), to developing market
(emerging) to active deployment today (mature). Autonomous basic mini-grids refer to systems for which power is supplied for less than 24 hours and may be
turned off when there is insufficient renewable energy to meet load. Autonomous full mini-grids refer to systems that can provide power on a 24-hour basis.
Interconnected community mini-grids refer to systems that may be used as a back-up to the main grid, designed to sustain only the most critical loads, or
that could be used to provide primary power, with the main grid as a back-up.
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Figure 39. Investment in Pay-As-You-Go Solar Companies, 2012-2016
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Grid Electric raised USD 18 million to expand its activities in the East
Africa region.® Although the off-grid solar market in South America is
comparatively small, PowerMundo secured a grant of USD 300,000
during the year to expand its PAYG activities in Peru.””

Significant investment in mini-grids occurred in 2016, from both
private and public entities. More than USD 75 million was raised
for mini- and micro-grids through debt financing and equity in East
Africa and South-Eastern Asia.?? The Kenyan government secured
a loan of USD 37 million to install 23 solar mini-grids.®® PowerGen
secured USD 4.5 million to expand its mini-grid portfolios in Kenya
and Tanzania.** In South-Eastern Asia, Fluidic Energy received USD
20 million from Asia Climate Partners to support the installation
of its mini-grid systems.®> Powerhive secured USD 20 million to
expand its micro-grid business in Africa and Oceania.®®
Investment in clean cook stoves increased 28% (to USD 11.5
million) between 2014 and 2015, although this was still well

below the high of USD 18 million witnessed in 2012 and 2013.%"
(- See Figure 40,) In 2016, the Uganda Clean Cooking Supply
Expansion Project secured a grant of USD 2.2 million from the
World Bank.*® A new USD 4 million fund, the Clean Cooking
Working Capital Fund, awarded its first loans to Envirofit
International and BioLite during the year to support the
production and distribution of clean cook stoves in sub-Saharan
Africa, India and Latin America.®®

Alternative funding mechanisms such as crowdfunding con-
tinued to support the development of small DRE companies
and initiatives, with USD 3.4 million raised in 2015.°° In 2016,
Awango, the off-grid solar arm of Total (France), launched a
social business and crowdfunding platform dedicated to provid-
ing access to energy.”" Crowdfunding for clean cook stoves in
the private sector also is slowly gaining popularity, with early
projects in Guatemala, Kenya and South Africa.’?

Figure 40. Investment in Clean Cook Stoves,
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BUSINESS MODELS FOR DISTRIBUTED
RENEWABLE ENERGY

The most popular business models within the DRE sector in
2016 were distributed energy service companies (DESCOs) for
mini/micro/pico-grids, the PAYG model for stand-alone systems,
and microfinance and microcredit. Technological advances are
helping to revolutionise business models for DRE systems. For
example, in the developing world it is becoming increasingly
common to use smart phones to pay for energy services.'”®

Under the DESCO, or “fee for service”, model, a customer pays
regular fees for the use of a renewable energy system that is
owned, operated and maintained by a supplying company.
Benefits include service delivery, professional maintenance
and system replacement in case of default; however, lack of
ownership by users can lead to careless handling and damage.”**
In 2016, the Rockefeller Foundation announced its Smart Power
for Rural Development Initiative in India, which will support
DESCOs such as OMC, DESI Power, TARAUrja and others to
provide electricity to 1,000 villages through mini-grids.® Also in
2016, the International Finance Corporation and the Bank of the
Philippine Islands agreed to a risk-sharing facility that will provide
loans and technical advice to clients investing in renewable
energy and energy efficiency projects in the Philippines, helping
to promote distributed energy projects, DESCOs and green
building construction.!®®

The PAYG payment model, based on the DESCO principle, is a
rapidly growing energy access solution. As of 2016, more than 32
companies operating in over 30 countries in Africa and South Asia
were selling pico-solar products and SHS to more than 700,000
households in exchange for an upfront fee and regular payments
through mobile money services”” M-KOPA, the market leader,
has connected some 400,000 East African households to solar
power systems, installing 500 new SHS every day as of the end
of 2016,

The PAYG model, already well established in East Africa, is rapidly
gaining prominence in Western Africa and Southern Asia as well.
In Nigeria, by 2016, Arnergy's PAYG service had deployed solar
mini-grids across three previously off-grid villages, powering
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600 homes."”® In Ghana, PEG secured financing during the year
to expand its PAYG operations to Céte d'lvoire.® In Myanmar,
Bright Lite began installing SHS in 3,000 households using the
PAYG model ™

The PAYG model also is being used on a smaller scale to support
the productive use of energy and clean cooking solutions. For
example, Gham Power is using the model for the application of
off-grid renewable energy used for water pumping and agro-
processing mills, and KopaGas uses it for clean cooking.”

Under the microfinance and microcredit model, purchasers
(such as households and small businesses) take out a small loan
from a bank to cover the cost of DRE equipment. In 2016, Arc
Finance announced that its Renewable Energy Microfinance
and Microenterprise Program had benefited more than 1 million
people across Haiti, Kenya, India, Nepal and Uganda through the
sale of 200,000 DRE products.™ In Africa, a new microfinance
project was launched in 2016 in Sierra Leone that provides
microfinance-backed loans for SHS.™

In India, microfinance has become popular for the installation
of solar PV. In 2016, Thrive Solar Energy partnered with WSDS
Microfinance of Manipur to distribute its solar devices in the
country's rural areas.™ Frontier Markets finances and trains
village-level entrepreneurs in rural areas of Rajasthan and Andhra
Pradeshand on DRE applications." The social enterprise Boond
also has relied on microfinance to disseminate solar systems,
benefiting 100,000 people across Delhi National Capital Region,
Rajasthan, Uttar Pradesh and other northern Indian states
by 2016,

Microfinance also has been used to address the upfront costs
of clean cooking devices. In-house asset finance - loans
provided to customers by energy companies, allowing them to
pay on an instalment basis - enables households to purchase
improved cook stoves immediately and to pay for the stoves over
time based on their ability to pay. By shifting to more efficient
improved cook stoves, households often reduce their cooking-
related expenses, thereby increasing their ability to pay back
their loans."™ Microfinance has become an important option for
households in rural areas of developing countries that often lack
access to finance for the upfront costs of clean cook stoves.™
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BARRIERS AND POLICY DEVELOPMENTS

The deployment of DRE systems in developing countries
is subject to an array of barriers and challenges, including
technical, economic, financial, political, institutional and socio-
cultural factors, many of which are interconnected.”® Companies
operating in the dynamic off-grid solar sector have identified the
barriers that need to be overcome for the successful diffusion
of DRE systems.”” The main barriers hindering expansion of the
off-grid market include:

m Policy uncertainty about off-grid electrification in national
strategies, policies and regulations;

m Lack of access to finance for both companies and consumers.
A lack of working capital for companies, particularly those that
provide end-user financing, may limit market development.
Consumers without access to finance may be unable to pay
the sometimes significant upfront costs of DRE systems;

m Subsidies on kerosene and diesel, which affect the relative
price of off-grid products compared to conventional products;

m Fiscal and import barriers, such as high import tariffs
and value-added tax (VAT) on DRE products, which may
significantly increase the price of the products;

m Lack of consumer awareness about the benefits of off-grid
electrification solutions, especially during the early phase of
market development;

m Lack of product standards, which allows for the sale of low-
quality and counterfeit products; and

m Lack of a qualified and skilled workforce to support the
development of the sector.??

In 2016, many countries implemented policy measures aimed
at addressing these barriers and supporting DRE deployment,
including dedicated electrification targets, fiscal incentives,
regulations, auctions and exemptions on VAT and import
duties.'”® Quality Assurance (QA) frameworks also were adopted,
particularly for off-grid solar products, to reduce the sale of
low-quality offerings on the market,

Dedicated electrification targets, as well as specific targets for
DRE technologies and mini-grids, were established during 2016.
In Africa, Nigeria approved its Rural Electrification Strategy,

which aims to increase the country's electrification rate to 75%
by 2020.** Rwanda announced targets to increase access to
electricity to more than 70% by 2018, out of which 22% will be
through off-grid connections.’® In Asia, India announced plans for
10 GW of DRE capacity through the installation of 10,000 micro-
and mini-grids by 2019, and China highlighted the importance
of increasing future shares of renewable energy and distributed
power generation as part of its ongoing electric power system
reforms,'2

Fiscal incentives to promote DRE products also were announced
in 2016. In Asia, Indonesia put in place a rural electrification
regulation that provides the framework and subsidies for
electrifying the 12,000 villages currently without electricity in
the country.” The Indian state of Maharashtra began offering
subsidies to government institutions and to the private sector
for the use of off-grid solar PV, and the state of Uttar Pradesh
enacted a 30% subsidy for mini-grid projects with a maximum
capacity of 500 kW.2

Regulations in support of DRE were enacted during the year as
well. The Nigerian Electricity Regulatory Commission released
plans to finalise its mini-grid regulation, which will streamline
permit and tariff procedures.” Indonesia amended its FIT to
apply new rates to distributed solar PV installations.™°

In South America, Argentina launched tenders for 6,500 off-grid
solar PV systems to supply electricity to an estimated 26,000
people in rural areas.”” Brazil's 10th reserve auction also accepted
11 micro-hydro projects during the year'® In Africa, Sierra
Leone exempted all SHS from VAT and import duties.™ In Asia,
Bangladesh reduced its import duty on improved cook stoves by
10%, making the stoves more cost-competitive.”® The Indian state
of Madhya Pradesh enacted a policy in 2016 targeting distributed
solar PV that includes tax exemptions alongside regulations for
net metering.'*®

By the end of 2016, the Lighting Global QA programme for off-
grid solar products had been adopted by Bangladesh, Ethiopia,
Kenya and Nepal.®® In 2016, the Economic Community of West
African States (ECOWAS) adopted a QA framework for off-grid
rechargeable lighting appliances, which may be incorporated
into the national legislation of member countries.”®”




PROGRAMME DEVELOPMENTS

Dozens of international actors were involved in deploying DRE
in 2016. (= See Reference Tables 12 and 13.) Perhaps the most
far-reaching and influential programme was the continuation
of efforts to support the UN Sustainable Development Goals,
of which SDG 7 focuses on universal energy access.®® The
UN also continued to advance its SEforALL platform in 2016,
focusing on building capacity in governments, organisations
and private sector actors, and bringing various actors together
to enable effective coalitions and partnerships.*® Between 2011
and 2015, more than 106 countries engaged with SEforALL,
providing financial or in-kind contributions or working on tailored
national strategies and investment plans.“® As of 2016, 68 rapid
assessment and gap analyses had been developed to take stock
of energy sector development at the national level

The UN Development Programme (UNDP) continued to provide
grant financing for sustainable energy projects in 2016; since
1996, UNDP has provided more than USD 130 million for small,
community-level projects.*? During 2016, UNDP focused efforts
on policy support for DRE, including support for SHS and mini-
grids through its Derisking Renewable Energy Investment (DREI)
programme.'*®

Another major effort, Energising Development (EnDev), is an
energy access partnership financed by seven donor countries:
Australia, Germany, the Netherlands, Norway, Sweden,
Switzerland and the United Kingdom. In the first half of 2016,
370,000 people gained access to modern energy services
through EnDeyv; in total, the partnership has provided efficient
cooking technologies to more than 15 million people since 2005,

In 2016, Power Africa announced USD 1 billion in new commit-
ments to help double access to electricity in sub-Saharan
Africa by adding 30 GW of capacity and 60 million household
connections to the grid by 2030.® This included 20 new USD
100,000 grants from the US African Development Foundation
for African energy entrepreneurs in the newest round of the Off-
Grid Energy Challenge."® At the 22nd session of the UN climate
conference (COP 22) in November 2016, Power Africa and
USAID announced USD 4 million in new investments to eight
companies that are revolutionising household solar power across
Africa through the Scaling Off-Grid Energy Grand Challenge for
Development In addition, two new joint initiatives between
the United States and India were announced in 2016 that will
mobilise up to USD 1.4 billion to finance India's commitment to
universal energy access.®

The Global Alliance for Clean Cookstoves (GACC) continued to
expand its operations, working with a strong network of public,
private and non-profit partners to accelerate the production,
deployment and use of clean and efficient cook stoves and
fuels*® As of November 2016, GACC had invested in competitive
research grants to support studies across 23 countries.'°
In collaboration with national alliances, GACC also invested
energy in its awareness and Behaviour Change Communication
(BCC) programme, which aims to increase demand for clean
cook stoves in Bangladesh, Ghana, Guatemala and Uganda.
Through innovative communication channels (such as radio ads,
demonstrations and soap operas), the BCC reached millions of
households and increased sales of clean cook stoves in 2016.%
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The AfDB, through its New Deal on Energy for Africa project,
aims to achieve universal access to modern energy services for
the continent by 2025. Among the project’s goals are to increase
off-grid generation by adding 75 million grid connections by
2025, 20 times the current total, as well as to increase access
to clean cooking for around 130 million households.®? In 2016,
the AfDB also launched a Green Mini-Grid Help Desk to provide
online technical assistance on the myriad activities important to
the business cycle of developing and operating a clean energy
mini-grid.'s®

Also in 2016, the World Bank launched the Global Facility on
Mini-Grids through its Energy Sector Management Assistance
Program (ESMAP). ESMAP seeks to enhance the enabling
environment for the development of mini-grids through adequate
regulations, access to finance, and flexible and innovative
payment models.®*

THE FUTURE OF DRE

The technical, economic and social potential of DRE systems
remains a matter of great significance for more than 2 billion
households around the world, particularly for women and young
children, who spend a large portion of their time cooking or
doing chores.'®® The old paradigm of energy access through grid
extension alone is becoming obsolete as bottom-up customer
demand is motivating hundreds of millions of households to
generate their own modern energy services through off-grid
units or community-scale mini-grids.®® Mobile technology,
PAYG business models, availability of microloans, the viability
of micro-grids and falling technology prices continue to
support DRE deployment worldwide. Sufficient levels of
financing and optimal policy support could transform the ways
in which private and public entities deliver energy access via
DRE systems.
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Robust TRANSMISSION AND DISTRIBUTION networks are critical for balancing supply
and demand in a power system. Flexibility can be augmented by increasing the capacity
of network lines and by using advanced network technologies to optimise transmission
usage. Strengthening regional interconnections of neighbouring power systems

effectively expands balancing areas, facilitating further integration of variable renewable
generation.

High-voltage direct current converter tower - Siemens factory, Nuremberg, Germany
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04 INVESTMENT FLOWS

Global new investment in renewable power and fuels (not
including hydropower projects larger than 50 MW) was
USD 2416 billion in 2016, as estimated by Bloomberg New
Energy Finance (BNEF)\. Although this represents a decrease of
23% compared to the previous year, the decline accompanied

sectors was down relative to 2015. Asset finance of utility-
scaleV projects, such as wind farms and solar parks, dominated
investment during the year, at USD 187.1 billion. Small-scale solar
PV installations (less than 1 MW) accounted for USD 39.8 billion
worldwide, representing a decline of 28%.

a record installation of renewable power capacity worldwide in
2016, Investment in renewable power and fuels has exceeded
USD 200 billion per year for the past seven years. (- See Figure 41.)
Including investments in hydropower projects larger than
50 MW, total new investment in renewable power and fuels was
at least USD 264.8 billion in 2016 Note that these estimates
do not include investment in renewable heating and cooling
technologies. (= See Reference Table R14.)

For the fifth consecutive year, investment in new renewable
power capacity (including all hydropower) was roughly double
that in fossil fuel generating capacity.

Investment in renewables continued to focus on solar power,
followed closely by wind power, although investment in both

This chapter is derived from UN Environment's Global Trends in Renewable Energy Investment 2017 (Frankfurt: 2017), the sister publication to the GSR,
prepared by the Frankfurt School-UNEP Collaborating Centre for Climate & Sustainable Energy Finance (FS-UNEP) in co-operation with BNEF. Data are
based on the output of the Desktop database of BNEF, unless otherwise noted, and reflect the timing of investment decisions. The following renewable
energy projects are included: all biomass and waste-to-energy, geothermal and wind power projects of more than 1 MW; all hydropower projects of
between 1and 50 MW; all solar power projects, with those less than 1 MW estimated separately and referred to as small-scale projects or small-scale
distributed capacity; all ocean energy projects; and all biofuel projects with an annual production capacity of 1 million litres or more. For more information,
please refer to the FS-UNEP and BNEF Global Trends report. Where totals do not add up, the difference is due to rounding.

i Note that declining costs of some renewable energy technologies (particularly solar PV and wind power) have a decremental impact on total investment
(all else being equal). Thus, changes in investment (monetary) do not necessarily reflect changes in capacity additions.

iii Investment in large-scale hydropower (>50 MW) is not included in the overall total for investment in renewable energy. Similarly, investment in large-scale
hydropower is not included in the chapter figures, unless otherwise mentioned.

iv "Utility-scale” in this chapter refers to wind farms, solar parks and other renewable power installations of 1 MW or more in size, and to biofuel production
facilities with capacity exceeding 1 million litres.

Endnotes: see full version online at www.ren21.net/gsr
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Renewable energy investment in developed countries, as a group,
fell 14% in 2016, to USD 125 billion. While investment in Japan and
the United States declined, Europe witnessed a slight increase.
Among developing and emerging countries, renewable energy
investment fell 30%, to USD 116.6 billion. China played a dominant
role in this turnaround, breaking an 11-year rising trend. Chile,
Mexico, Morocco, Pakistan, the Philippines, South Africa, Turkey
and Uruguay became billion-dollar markets in 2015, but in 2016
each of these countries saw a sharp drop in investment due in
part to delayed auctions or to delays in securing equity for projects
that won capacity in tenders. Argentina, Bolivia, Egypt, Indonesia,
Jordan, Kenya, Mongolia, Peru, Thailand and Vietnam all saw
investment rise in 2016.

There were two main reasons for the decline in global investment
in renewable energy during 2016. One was the slowdown in
investments in Japan, China and some other emerging countries.
The other was the significant cost reductions in solar PV and
onshore and offshore wind power, which also improved the
cost-competitiveness of those technologies. The result was that
in 2016 investors were able to acquire more renewable energy
capacity for less money.

INVESTMENT BY ECONOMY

Developing and emerging economies overtook developed
countries in renewable energy investment for the first time in
2015, but developed countries retook the lead in 2016. Trends in
renewable energy investment varied by regioni, with investment
up in Europe and Australia; down in China, the United States, the
Middle East, Africa, Asia-Oceania (except Australia) and Latin
America; and stable in India. (= See Figure 42.) Considering all
financing of renewable energy (but excluding hydropower larger
than 50 MW), China accounted for 32%, followed by Europe (25%),
the United States (19%) and Asia-Oceania (excluding China and
India; 11%); the Americas (excluding Brazil and the United States),
Brazil and the Middle East and Africa accounted for 3% each.

The top 10 national investors consisted of three emerging
countries (all of which are BRICS# countries) and seven
developed countries. In addition to China and the United States,
top countries included the United Kingdom, Japan and Germany.
The next five countries were India, Brazil, Australia, Belgium and
France.

Although China again accounted for the largest dollar
commitments to new renewable energy investment, its total of
USD 78.3 billion was down 32% from 2015, the lowest level since
2013, Most of this total (USD 72.9 billion) was in asset finance,
which declined 34% relative to 2015. However, investment in
small-scale solar PV project development increased 32%, to

i Regions presented in this chapter reflect those as presented in UNEP-FS and BNEF, Global Trends in Renewable Energy Investment 2017 (Frankfurt: 2017),
and differ from the regional definitions across the rest of the GSR, which can be found at www.ren21.net/GSR-Regions.

i The five BRICS countries are Brazil, the Russian Federation, India, China and South Africa.

Figure 41. Global New Investment in Renewable Power and Fuels, Developed, Emerging and Developing Countries,
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USD 3.5 billion, and government R&D also was up (by 7%), to
USD 1.9 billion. Overall, China invested roughly the same amount
in both solar and wind power. The country also invested significant
sums in large-scale hydropower, although down relative to 2015;
China commissioned nearly 9 GW of capacity during the year, a
large portion of which was projects larger than 50 MW.2 (= See
Hydropower section in Market and Industry Trends chapter,)

Investment in Europe totalled USD 59.8 billion (up 3%) in 2016,
due mainly to significant investments in offshore wind power.
Asset finance accounted for 78% of the region's investment,
at USD 46.9 billion, of which USD 40.6 billion was invested in
wind power (up 10% from 2015) and USD 1.6 billion was invested
in solar power (down 75%). Small-scale distributed capacity
in Europe attracted USD 6.7 billion in 2016 (down 18%), with
Germany, the United Kingdom and the Netherlands being the
three biggest contributors.

Within Europe, the United Kingdom was the largest national
investor in renewable energy for the second consecutive year, at
USD 24 billion. Most of this total was in asset finance (USD 22.5
billion), with four offshore wind projects accounting for USD 14.2
billion. Germany was the second largest European investor at
USD 13.2 billion, down 14% from 2015. Of this total, German asset
finance was USD 8.4 billion (down 34%), and it was dominated
by offshore and onshore wind power.

The United States remained the largest individual investor
among developed economies. The country invested USD 46.4
billion in 2016, a decrease of 10% compared to 2015. Despite
this reduction, there was strong growth (up 33%) in small-
scale distributed capacity investment, with USD 13.1 billion of
investment in rooftop and other small-scale solar PV projects.
Utility-scale asset finance was down 2%, at USD 29.8 billion,
with wind and solar power each accounting for equal shares.
Investment in public markets in the United States fell 87%, to
USD 1.3 billion, the lowest level in five years.

Japan's investment fell 56% to USD 14.4 billion. The reduction
resulted largely from grid access difficulties and from a shift in
policy from a generous FIT to tendering. Investment in small-scale
capacity fell 69%, to its lowest level since 2011 (USD 8.5 billion).

Investment in India remained stable compared to 2015, with
a total of USD 9.7 billion. Approximately USD 5.5 billion was

invested in new solar power capacity, and USD 3.7 billion
was invested in wind power during 2016.

Brazil was the third emerging economy among the top 10
investors in 2016, with total investment reaching USD 6.8 billion,
a decrease compared to 2015. While asset finance of wind power
projects fell 15% to USD 4.9 billion, solar asset finance rose 75%
to USD 1 billion.

Elsewhere in the Americas (beyond Brazil and the United States)
investment totalled USD 6.1 billion (down 54%), with large
variations across countries. Some countries showed significant
decreases: for example, investments in Chile (USD 800 million),
Mexico (USD 600 million) and Uruguay (USD 400 million)
all were down more than 70% relative to 2015. In Honduras,
investment decreased 32% to USD 300 million. Other countries
saw significant increases, however, including Argentina (up
356% to USD 400 million) and Peru (up 151% to USD 400 million).
Bolivia, which recorded no renewable energy investment in 2015,
reached USD 800 million in 2016.

Investment in the Middle East and Africa was down 32% to
USD 77 billion - the lowest level of investment since 2011,
The decline was due primarily to pauses in financing in South
Africa (USD 900 million) and Morocco (USD 700 million); both
countries saw investment fall 75% relative to 2015. At the same
time, investment increased during the year in Jordan (up 148% to
USD 1.2 billion), Kenya (up 31% to USD 600 million) and Egypt,
which recorded no renewable energy investment in 2015 and
reached USD 700 million in 2016.

In Asia-Oceania (excluding China and India) investment fell 42%
to USD 26.8 billion - the lowest since 2011, due largely to the
decline in Japan. Other countries in the region with decreases
included the Philippines (down 47% to USD 1 billion), Pakistan
(down 58% to USD 900 million) and Chinese Taipei (down 2% to
USD 700 million). However, some countries saw significant
increases in investment, including Singapore (up 14-fold to
USD 700 million), Vietnam (up 143% to USD 700 million) and
Indonesia (up 84% to USD 500 million). Mongolia, which
recorded no renewable energy investment in 2015, reached
USD 200 million. Thailand recorded an investment of USD 1.4 billion
(up 4%), the highest level in the region (after China and India).

i The Chinese government estimates that hydropower facilities of all sizes completed in 2016 represent an investment of USD 8.8 billion (CNY 61.2 billion);
as such, 2016 marked the fourth consecutive year of decline, per National Energy Administration of China, national electric industry statistics as sourced
from China’s National Energy Board, 16 January 2017, http://www.nea.gov.cn/2017-01/16/c_135986964.htm.
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INVESTMENT BY TECHNOLOGY

New investment in renewable energy in 2016 continued to be
dominated by solar (mostly solar PV) and wind power, which
each accounted for roughly 47% of total investment. Both
technologies experienced declines in dollars invested in 2016,
with solar power down 34% to USD 113.7 billion and wind
power down 9% to USD 112.5 billion. Significant cost reductions
played a large role in these falling investment numbers,
particularly for solar PV, which saw a market increase of nearly
50% relative to 2015. (= See Solar PV section in Market and
Industry Trends chapter.,)

Investment in biomass/waste-to-energy’ and small-scale
hydropower remained stable at USD 6.8 billion and 3.5 billion
respectively. Investment in biofuels (down 37%) and ocean

i Includes all waste-to-power technologies, but not waste-to-gas.

energy (down 7%) declined to USD 2.2 billion and USD 200
million respectively. The only technology to witness increases
in new investment in 2016 was geothermal power, which was
up 17% to USD 2.8 billion. (- See Figure 43.,)

In 2015, emerging and developing economies accounted for
more than half of global investment in both wind and solar
power, but in 2016 they lost the lead in wind power and only
narrowly maintained it in solar power. Investment in wind
power was up 13% to USD 60.6 billion in developed countries,
but down 27% to USD 51.9 billion in developing countries. Solar
power investment declined in developed and in developing
and emerging countries, down 33% (to USD 56.2 billion) and
35% (to USD 57.5 billion), respectively.

Large-scale hydropower projects over 50 MW in size represented
the third most important sector (after solar and wind power) for

Figure 42. Global New Investment in Renewable Power and Fuels, by Country and Region, 2006-2016
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renewable energy investment in 2016. Translating hydropower
capacity additions into asset finance dollars per year is not
straightforward because the average project takes four years to
build. Although BNEF does not track detailed statistics for large-
scale hydropower projects, it estimates that asset financing for
large-scale hydropower projects reaching financial go-ahead in
2016 totalled at least USD 23.2 billion, down 48% from 2015.

INVESTMENT BY TYPE

Global research and development’ (R&D) spending fell 7% in
2016, to USD 8 billion, due to a decline in the corporate sector.
While government R&D increased 25% relative to 2015, to a
record USD 5.5 billion, corporate R&D decreased almost 40%
as wind and solar power manufacturers reduced their spending.
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Europe was again the biggest regional investor in R&D, despite
an 8% decrease to USD 2.2 billion. China's investment declined
2% to USD 2 billion but stayed well ahead of the United States,
where spending rose 13% to USD 1.5 billion.

Total R&D spending was down for both solar (down 20% to
USD 3.6 billion) and wind power (down 13% to USD 1.2 billion)
in 2016. Despite low oil prices and a challenging regulatory
environment, R&D spending on biofuels increased 11% to
USD 1.7 billion.

Asset finance of utility-scale projects accounted for the vast
majority of total investment in renewable energy. It totalled
USD 1871 billion during the year, a decrease of 21% relative to
2015, due to lower per MW installed costs of wind and solar
power, as well as to a slowdown in China and Latin America.

i See Sidebar 5 in GSR 2013, “Investment Types and Terminology”, for an explanation of investment terms used in this section.
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Figure 43. Global New Investment in Renewable Energy by Technology, Developed and Developing Countries, 2016
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Small-scale distributed capacity investment, largely solar
PV systems of less than 1 MW, declined 28% to USD 39.8 billion.
The United States led investments in this category with
USD 13.1billion, followed by Japan with USD 8.5 billion (down from
USD 27.9 billion) and China with USD 3.5 billion.

Public market investment in renewable energy companies and
funds fell 53%, to USD 6.3 billion. Funds raised by initial public
offerings (IPOs) increased 12% to USD 2.6 billion. In the United
States, investments via public markets in “yield companies”
(yieldcos) were much less active in 2016 than in 2015, and no new
funds were launched. Overall, solar power companies and related
funds raised USD 1.7 billion (less than one-fifth of the previous
year's total), while wind power raised USD 4.2 billion (an increase
of 66% compared to 2015).

Venture capital and private equity investment (VC/PE) in
renewable energy decreased 4% to USD 3.3 billion in 2016. As in
previous years, solar power companies attracted the most venture
capital and private equity investment, with more than two-thirds of
the total, although funding decreased 2% to USD 2.3 billion. Increases
were seen in both wind (up 41% to USD 539 million) and small-scale
hydropower, with investment in the latter almost quintupling, to
USD 165 million, due mainly to a single deal. Biofuels decreased
60% to USD 254 million. The United States remained the centre of
worldwide VC/PE investment in renewables, representing more than
two-thirds of the total with USD 2.3 billion (down 2% from 2015).

Acquisition activity - which is not counted as part of the
USD 241.6 billion in new investment - jumped 17% to a new
record of USD 110 billion. Growth was driven mainly by corporate

mergers and acquisitions (M&A; the buying and selling of
companies), which increased 58% to USD 276 billion, and
by public market investor exits, which almost quadrupled, to
USD 6.7 billion. Asset acquisitions and refinancing remained
the largest single category of acquisition activity, with deals
worth USD 72.7 billion equating to 66% of the total. Within this
category, activity increased in the United States (up 14% to USD
29.2 billion), Europe (up 8% to USD 28.6 billion) and China (up
7% to USD 4.4 billion). In all other regions, asset acquisitions and
refinancing decreased. Private equity buy-outs were down 2%
relative to 2015, to USD 3.4 billion.

RENEWABLE ENERGY INVESTMENT IN
PERSPECTIVE

In 2016, renewable power technologies continued to attract far
more investment dollars than did fossil fuel or nuclear power
generating plants. An estimated USD 249.8 billion was committed
to constructing new renewable power plants (including
USD 226.6 billion? without large-scale hydropower, plus an
estimated USD 23.2 billion for hydropower projects larger than
50 MW). This compares to approximately USD 113.8 billion
committed to fossil fuel-fired generating capacity and USD 30
billion for nuclear power capacity. Overall, renewable energy
accounted for about 63.5% of the total amount committed to new
power generating capacity in 2016. (- See Figure 44.)

i This number is for renewable power asset finance and small-scale projects. It differs from the overall total for renewable energy investment (USD 241.6
billion) provided elsewhere in this chapter because it excludes biofuels and some types of noncapacity investment, such as equity-raising on public

markets and development R&D.




SOURCES OF INVESTMENT

Debt makes up the majority of the investment going into many
utility-scale renewable energy projects, either at the project level
in the form of non-recourse loans, bonds or leasing; or at the
corporate level in the form of borrowings by the utility or project
developer. In 2016, commercial banks provided most of the
project-level debt for renewable energy projects.

Green bonds are a growing asset class for investors around
the world. They include qualifying debt securities issued by
development banks, central and local governments, commercial
banks, public sector agencies and corporations, asset-backed
securities and green mortgage-backed securities, and project
bonds. In 2016, issuance of green bonds globally almost doubled
to USD 95.1 billion. This included the first sovereign green bond,
issued by Poland. China increased its issuance to USD 27.1 billion,
overtaking the United States with USD 15.5 billion.

In addition to commercial banks and bond issues, the other
major source of debt for renewable power assets is borrowing
directly from the world's large array of national and multilateral
development banks. Aggregate figures for development bank
lending to renewables in 2016 were not yet available at the time
of publication. Among those that had published data in early
2017, Germany's KfW provided the Euro-equivalent of USD 39
billion for "environmental and climate protection financing” (up
20% in Euro-value relative to 2015), including USD 8 billion for
renewable energy and USD 23.5 billion for energy efficiency. The
ADB approved USD 3.7 billion in climate finance investments, an
increase of 42% relative to 2015, to support efforts in developing
member countries.

Electric utilities continued to be an important source of
on-balance-sheet finance and project-level equity in 2016. Nine
of the largest European utilities invested a total of USD 11.5 billion
in renewables in 2015 and were on track to invest USD 10.2 billion
in 2016,
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Institutional investors such as insurance companies and pension
funds tend to be more risk-averse and therefore are interested
in the predictable cash flows of a project already in operation. In
Europe, direct investment by institutional investors in renewable
energy totalled USD 2.8 billion in 2016, on par with the record set
in 2014, more than double the 2015 level and nearly 10 times the
total in 2010.

EARLY INVESTMENT TRENDS IN 2017

Global investment in renewable energy was USD 50.84 billion
in the first quarter (Q1) of 2017, down 20.9% from Q1 in 2016
(USD 64.25 billion). This decline reflects drops in investment
in the two biggest markets, the United States and China. US
investment in Q1 2017 was down 42% relative to Q1 in 2016, to
USD 6.9 billion, and China's investment declined 11% to USD 17.2
billion. Investment in Europe also dropped significantly (down
61.7%): in the United Kingdom, where there was no new finance
in offshore wind power, investment fell 92% to USD 1.1 billion in
Q1. Countering this drop, investments in Germany and France
were up 94% and 138%, respectively.

Developing countries showed varying investment patterns in
Q1 2017. Investment fell slightly in India (down 2% to USD 2.8
billion) and Brazil (down 3% to USD 1.8 billion), while Mexico's
investment was up 47-fold, to USD 2.3 billion.

Investment in both solar and wind power, which accounted for
the lion's share, declined in Q12017 compared to Q1 2016, by 6.7%
and 40.6% respectively. Investment in offshore wind power was
down 60% relative to Q1 2016, to USD 4.6 billion. Biomass and
waste-to-energy, small-scale hydro and geothermal power all
saw increased investment in Q12017

Asset finance of utility-scale renewable energy projects
amounted to USD 39 billion in Q1 2017, down 27.5% relative to
Q12016. Small-scale solar projects (less than 1 MW) represented
the second largest category of spending, worth an estimated
USD 10.7 billion in Q1, up 8% compared to Q1 in 2016.

Figure 44, Global Investment in Power Capacity, by Type (Renewable, Fossil Fuel and Nuclear Power), 2012-2016

Billion USD

350 Fossil and nuclear
Fossil fuel

300 W Nuclear
power

250

]
.
[ ]
200
150

Solar PV
B Wind power
Large-scale
- hydropower
100 M Bio-power
M Other*
50
0

2012 2013 2014

* CSP, geothermal, small-scale hydropower and ocean energy

2015 2016

Source: BNEF.

Modern renewables

n7



it

A
|
1

—
.
E=4
i -
-
i -
i -
=
o -
o

Various technical and operational solutions exist for improving system flexibility,
including energy storage and demand-side management solutions. MARKETS
CAN BE DESIGNED to establish the economic value of such solutions to the

power system, and to allow commensurate compensation for flexibility services.
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05 POLICY LANDSCAPE

As of 2016, nearly all countries directly supported renewable
energy technology development and deployment through
some mix of policies.! (= See Table 3.) Decision makers continued
to implement policies during the year to attract investment, drive
deployment, foster innovation and encourage greater flexibility
in energy infrastructure that supports enabling technologies
such as energy storage.? (- See Enabling Technologies chapter,)
A broad range of policies provided direct and indirect support,
aimed at economy-wide economic development, environmental
protection and national security. Technology advances, falling
costs and rising penetration of renewables in many countries
also have continued to require that policies evolve to stimulate
renewables deployment and integration as effectively as possible.

Many countries built on the momentum spurred by the landmark
Paris Agreement of the United Nations Framework Convention
on Climate Change (UNFCCC) by communicating their first
Nationally Determined Contributions (NDCs)'. A total of 1177 NDCs
were submitted by year-end 2016, largely from countries that
formalised the commitments made in their Intended Nationally
Determined Contributions (INDCs) submitted prior to the
Paris climate conference. Of the 1177 NDCs, 55 included targets
for increasing renewable energy, while 89 made reference to
renewable energy more broadly.®

By late 2016 at the 22nd Conference of the Parties (COP22) in
Marrakesh, Morocco, more than 100 countries had officially

joined the Paris Agreement, formalising their commitments to
sustainable development, often through decarbonisation of the
energy sector.* At COP22, leaders of the 48 developing countries
that constitute the Climate Vulnerable Forum (CVF), including
COP22's host nation of Morocco, committed jointly to work
towards achieving 100% renewable energy in their respective
nations.® In addition, a new 20-country coalition launched the
Biofuture Platform, dedicated to promoting the use of biofuels in
transport and industry.®

Policies targeting broader environmental concerns or other
resources and technologies in the energy sector also may impact
renewable energy markets. For example, carbon pricing policies
(either carbon taxes or emissions trading systems), if designed
effectively, may incentivise renewable energy development and
deployment across sectors by increasing the comparative costs
of higher-emission technologies. On the counter side, fossil fuel
subsidies continued to temper renewable energy growth globally
in 2016.7 (» See Global Overview chapter,)

Policy support specifically for renewable energy in 2016, as in
past years, was focused mostly on power generation, whereas
support for renewable technologies in the heating and cooling
and transport sectors developed at a slower pace. (» See
Figure 45.) Policy makers in many countries also continued to
advance policies to integrate renewable generation into national
energy systems.®

i NDCs are country-specific pathways for realising emissions reduction pledges; see Sidebar 4 in GSR 2016.

Endnotes: see full version online at www.ren21.net/gsr
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POLICY LANDSCAPE

Figure 45. Number of Renewable Energy Regulatory Incentives and Mandates, by Type, 2014-2016
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This chapter provides a snapshot of 2016 developments and
emerging trends in renewable energy policy across all sectors
(power, heating and cooling, and transport) atthe regional, national
and sub-national levels. The final section focuses on local policy
developments. The chapter does not attempt to assess or analyse
the effectiveness of specific policy mechanisms. Developments
related to each type of policy mechanism are described
independently, although often a targeted mix of complementary
policies is applied jointly. Renewable energy policies may be
implemented in conjunction with policies specifically designed
to expand energy access through the deployment of distributed
renewable energy technologies (- see Distributed Renewable
Energy chapter) or with policies that promote energy efficiency
(-~ see Energy Efficiency chapter and Figure 58). Specific details
on new policy adoptions and policy revisions are included in
the policy reference tables and policy endnotes.

TARGETS

Targets for renewable energy continued to be a primary means by
which governments expressed their commitment to renewable
energy deployment during the year. Renewable energy targets
range from official announcements made by governments or
heads of state to fully codified plans accompanied by quantifiable
metrics and compliance mechanisms, and can focus on individual
technologies or sectors, or on economy-wide energy use'®
(= See Reference Tables R15-R19.)

As of year-end 2016, renewable energy targets were in place
in 176 countries. The majority of targets continue to focus on
renewable energy use in the power sector, with targets for a
specific share of renewable power instituted in 150 countries, and
economy-wide targets for primary energy and/or final energy
shares in place in 89 countries. Targets for renewable heating
and cooling and transport energy use have been introduced to a
much lesser degree, in place in 47 and 41 countries, respectively,
by year-end 2016.

i The lines between target and regulatory policy mechanisms are often blurred, as in the case of Renewable Portfolio Standards (RPS), which establish
mandatory shares, or mandated “targets”, of renewable generation that utilities must achieve by a specified date. RPS policies are covered here under

regulatory policy mechanisms.




Several joint commitments were made at the regional and
international levels. In addition to the 100% renewable electricity
commitments made by the 48 CVF member states (see above),
the EU proposed a new 2030 Framework under which it aims
for renewables to account for at least 27% of total energy
consumption and at least a 27% improvement in energy
efficiency (relative to a business-as-usual scenario) to help
reduce greenhouse gas emissions by 40% in 2030 (compared to
1990 levels). Leaders of Canada, Mexico and the United States
reached a deal to source 50% of the region's electricity from non-
carbon sources by 2025'"

At the national level, countries in Asia were particularly active in
launching new targets or revising existing ones. China’'s newest
Five-Year Plan sets an overall goal of increasing renewable
energy capacity to 680 GW by 2020, accounting for 27% of total
power generation.””? China's Five-Year Plan on Ocean Energy also
established a target for achieving a total cumulative capacity of
50 MW of ocean energy from tidal, wave and temperature-
gradient technologies by 2020 Additional renewable energy
shares or installed capacity targets were enacted in India,
Malaysia, the Republic of Korea, Singapore, Taiwan, Thailand
and Vietnam."

Elsewhere, targets were adopted or revised in Africa (Cabo Verde,
Morocco, Nigeria and South Africa), Europe (France, Finland and
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Norway), Latin America and the Caribbean (Argentina, Aruba,
Cuba, Jamaica and Mexico) and the Middle East (Azerbaijan and
Saudi Arabia).® Notably, Aruba joined a growing list of countries
committed to achieving a 100% share of renewable energy in the
electricity sector.'®

A small number of new renewable transport targets also were
established in 2016. In Finland, a target was set for 30% biofuel
blending and 40% renewable transport fuels use by 2030, and in
Norway a goal was set for 20% biofuels use in transport fuels by
2020."7 (+ See Reference Table R24.)

New or revised targets also were established at the sub-
national level in Australia (Victoria) and in Canada, where all 10
provinces have set renewable energy targets; Alberta announced
a 30% renewable electricity target by 2030.® The US state of
Massachusetts also established targets for installed power
capacity.”” (+ See Reference Table R17.)

Although targets are an important tool, they do not guarantee
success. For example, a number of countries in the EU (France,
Luxembourg, the Netherlands and the United Kingdom) were
identified as likely to miss their 2020 targets.?® Similarly, targets
can become outdated quickly if deployment exceeds the original
goals, such as in Europe where solar PV already has exceeded
both its 2014 and 2020 targets.”

i The 50% by 2025 goal includes renewable energy, nuclear energy, and carbon capture and storage technologies.

Figure 46. Countries with Renewable Energy Power Policies, by Type, 2016
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POWER GENERATION

As in past years, policy makers introduced new support
mechanisms and revised existing policies in an effort to respond
to changing political, societal and market conditions, with the
power sector continuing to receive the majority of attention.
(» See Figure 46.) Feed-in policies - feed-in tariffs (FITs) and
feed-in premiums (FIPs) - remained the most prominent form of
regulatory policy support for renewable power promotion in 2016.
(> See Reference Table R20.) However, throughout the year
countries around the world (most notably in Europe and Asia)
continued to shift away from these policies; this was particularly
the case when supporting large-scale project deployment, where
these mechanisms often have been replaced with auction-based
procurement.

The year 2016 marked the second in a row in which no new
countries adopted feed-in policies at the national level. Although
support for large-scale projects is shifting to tendering in an
increasing number of countries, feed-in policies remain in force
in many of these countries for the deployment of small-scale
installations. Policy makers continue to adjust FIT rates as the
technologies become more cost-competitive in ever more areas.

In 2016, the European Commission (EC) approved revisions to
several feed-in mechanisms proposed by its member countries.
These changes often included the adoption of market premiums for
large-scale projects.?? In a separate move, the EC also announced
plans (not yet adopted in 2016) to remove priority dispatch rights
for new renewable energy projects, a notable feature of feed-in
policies, with the objective of further restricting priority dispatch so
that only installations smaller than 250 kW will qualify by 2026.2%

At the national level, in the Czech Republic, the FIT that previously
had been halted was reapproved for new projects and for projects
built between 2006 and 2012.%* The EC approved France's revised
renewable energy support scheme, with only installations of less
than 500 kW remaining eligible for the FIT; larger projects are
to receive premium payments.?® Germany's Renewable Energy
Law (EEG) was reformed to transition from government-set FIT
rates (a central component of the EEG originally adopted in 1990)

to an auction-based scheme for projects larger than 100 kW.?
Greece's FIT was amended to allow for small-scale projects and
installations on non-interconnected islands to receive support;
in separate legislation, Greece transitioned large-scale project
support to a FIP that is to be provided over 20 years (25 years for
CSP).# Slovenia also amended its FIT, making it applicable only
to projects below 500 kW.2?®

Elsewhere in Europe, Denmark reintroduced a FIT for small-scale
wind power projects, after a previous programme reached its cap
and was closed, and the United Kingdom reduced its FIT for all
technologies by 65%.?° Ukraine reduced rates for commercial
solar installations greater than 10 MW.3°

In Asia, several countries reduced rates, including China (which
reduced rates by 13-19% for its solar FIT but kept the distributed
generation FIT unchanged), Japan (which reduced its solar
FIT by 11% for 2016 and aims for cuts of 20% or more in three
years), Pakistan (which cut tariffs for solar power by 36%) and
the Philippines (which proposed new, lower rates for the third
round of its FIT).* Moving away from the general trend, Indonesia
increased its solar FIT by more than 70% and set a fixed FIT rate
for geothermal power.*

Modifications were made to feed-in policies in Africa as well.
Ghana announced plans to update its solar PV FIT to last for
20 years (up from 10 years); Kenya announced its intention to
transition away from FITs to tendering; and Egypt announced a
new phase of its FIT programme, including requirements for 30%
of financing for solar PV projects and 40% of financing for wind
power projects to come from Egyptian sources.®

Sub-national jurisdictions in India (Tamil Nadu), Canada (Ontario)
and Australia (Victoria and Queensland) also made changes to
existing feed-in policiesin 2016.3* Ontario offered 241 MW of contracts
to solar PV, hydropower, wind and bio-power projects under the
fourth round of its FIT and opened its fifth round of applications, and
Queensland increased the size of solar power systems eligible for its
FIT from 5 kW to 30 kW.*® In contrast, Tamil Nadu cut its solar PV FIT
rates by 27%.% (+ See Reference Table R20.)

Tenders (competitive bidding or auctions) for renewable energy
are the most rapidly expanding form of support for renewable




energy project deployment and are becoming the preferred
policy tool for supporting deployment of large-scale projects.
(» See Reference Table R22.) At least 34 countries issued
new tenders in 2016, most renewable energy tenders were
for solar PV, and to a lesser extent for wind and geothermal
power, Renewable technologies also were competitive in some
technology-neutral tenders.

Asia was home to some of the largest tenders by capacity in
2016. For example, China tendered 5.5 GW of renewable energy
capacity in 2016, up from 1 GW offered in 2015.*” India held a
tender for the deployment of 1 GW of new solar PV capacity
alone.*® Japan announced a schedule for its solar PV tender
system, which will be introduced in 2017; Indonesia held a
tender for 680 MW of new geothermal capacity spread across
six regions; and Turkey held a tender for a single 1 GW solar PV
plant.® Sub-national tenders were launched during the year in
Australia (New South Wales) and India (Tamil Nadu).*®

Tenders and FITs increasingly are implemented alongside
one another. In Europe, this is being driven by EC State Aid
guidelines, which have led to policy changes in member countries
attempting to meet the requirement to shift towards tendering
for certain projects. In 2016, for example, Poland’s Renewable
Energy Law replaced the existing green certificate scheme with a
mix of tenders for large projects and feed-in payments for small-
scale projects (up to 10 kW); Slovenia revised its feed-in support
scheme to include a two-round tender process for projects over
500 kW; and Greece introduced a package of incentives that
includes FIPs, tenders and virtual net metering'.* These reforms
led to both Greece and Poland holding their first solar PV tenders
in 2016, aiming to contract 40 MW and 100 MW of small-scale
projects, respectively.*?

National solar PV tenders also were held in France and Germany,
while the Netherlands held solar power tenders and two rounds
of offshore wind power tenders.*® In December 2016, Spain
announced its intention to hold 3 GW of technology-neutral
tenders in 20174 A new development in 2016 saw Denmark
and Germany enter a unique partnership to launch mutual
cross-border solar PV tenders. The pilot programme, the first of
its kind, opened auctions to installations in either country, with
the objective of expanding cross-border co-operation to include
additional countries as well as onshore wind power.*®

In Africa, Nigeria, in a similar fashion to the multi-pronged
approach established in Europe, adopted a tender system for
projects larger than 30 MW while formally approving its FIT rates
firstannounced in 2015.6 Both Malawi and Zambia held their first
renewable energy tenders in 2016: Malawi held tenders for four
solar PV plants with a cumulative capacity of 70 MW, and Zambia
held solar tenders for a total of 100 MW and set a record-low bid
price for Africa at USD 0.06 per kWh under a 25-year PPA.#

In the Middle East and North Africa (MENA) region, Morocco
called for tenders totalling 1 GW of large-scale renewable energy
projects*® Elsewhere in the MENA region, the Palestinian
Energy Authority launched its first tenders in 2016, aiming to
boost installed solar PV capacity by as much as 100 MW; Saudi
Arabia launched a 100 MW solar PV tender; and Irag announced
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a tender for a 50 MW solar PV project.*® Israel ended its two-
year hiatus on new solar power deployment by launching plans
to issue more than 1 GW of new solar tenders, as well as tenders
fora 500 MW solar PV project in the Negev desert and a 40 MW
PV project in Ashalim.*® Jordan announced its third round of
tendering for solar power and its second round for wind power,
including a new 200 MW solar PV tender.®' Sub-national tenders
were held in the UAE (Abu Dhabi and Dubai).®?

In the western hemisphere, Argentina held the first tenders under
its RENOVAR programme, which awarded 2.4 GW of renewable
energy in 2016 and includes a green trust fund to help secure
investment.>® Chile held its largest power auction to date to supply
12,430 GWh of electricity annually for 20 years, or about one-
third of the country's energy needs; wind power received 40%
of the available capacity in this auction, and the world's lowest
price for solar PV generation (USD 29.10 per MWh) also was
bid.>* In Central America, El Salvador launched tenders calling
for 100 MW of solar power and 50 MW of wind power capacity.*®
Additional auctions were held in Guatemala, Honduras, Panama
and Peru. Mexico selected 23 bidders to develop USD 4 billion
worth of clean power projects, primarily from solar PV and wind
power.*® Tenders also were held at the sub-national level in the
Canadian province of Alberta.*

By contrast, South Africa's successful tender programme, a
model for many others around the world, was threatened by the
country’s switch in focus from renewables to nuclear power and
by the national utility's refusal to sign PPAs with solar and wind
power energy projects.®® A similarly negative trend was witnessed
in Brazil, where reduced demand for electricity and economic
challenges caused by the country's contracting national economy
led officials to abandon plans to add new solar and wind power
capacity through auctions in 2016. After multiple delays, the
country’s only scheduled solar and wind power auction for the
year was cancelled in December, making 2016 the first year since
2009 in which Brazil did not hold a tender for wind power.*® Due
to the country’s economic slump, Brazil also took steps to ease
the financial burden for now-struggling developers who had won
contracts under previous tendering rounds, reducing penalty fees
and considering extending project durations to 30 years.5°

Net metering / net billing has been used to support the deployment
of small-scale, distributed renewable energy systems by enabling
generators to receive credits or payments for electricity generated
but not consumed on site. In many cases, net metering policies
have been adopted alongside other policy mechanisms - such
as FITs or auctions - that support larger-scale projects. The pace
of adoption of new net metering policies slowed in 2016, with
Suriname and Slovenia adding new policies.®” As in past years,
net metering continued to see opposition through challenges to
the rates paid to power producers and through the adoption of
connection fees for self-generators. However, a new trend towards
increased accessibility of net metering through virtual net metering
continued to emerge throughout the year.

At the national level, a number of amendments were made to net
metering policies. Brazil's net metering revision, adopted in 2015
and providing financial incentives to small-scale distributed solar

i Virtual net metering allows for shared electricity output from a single power project that is not installed on-site. Credits are provided, typically in proportion

to an individual's ownership share in the system.
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PV systems, came into force in 2016.%? Costa Rica enacted a new
net metering price structure designed to encourage businesses
and homeowners to generate solar electricity, and Greece
approved virtual net metering for specific investors, a change that
allows for these investors to receive net metering credits from
their ownership stake in off-site generation.®®

At the sub-national level, in the United States, 41 states, the District
of Columbia and 4 territories had adopted net metering policies
as of 2016. Battles continued over net metering policies in state
legislatures, public utility commissions and the courts between
those promoting net metering programmes and electric utilities and
their supporters'.®* Despite ongoing debate, California, Colorado,
Michigan and Nevada all upheld or expanded support to self-
generators under net metering programmes in 2016.%° In Arizona,
after an initial rejection of calls to remove net metering, regulators
ended the state’s retail net metering programme, transitioning new
solar customers to a reduced incentive programme with rates to
be decided by the state's public utility commission.®® In Australia,
New South Wales revised its existing programme to move from its
FIT to net metering for household solar systems.®’

Regulatory policies that require the deployment of renewable power
capacity - the most common of which are Renewable Portfolio
Standards (RPS) - continued to be used worldwide in 2016, although
the pace of implementation has slowed notably in recent years.
At the national level, for the second year in a row, no new RPS
policies were introduced in 2016. (= See Reference Table R21.)

At the sub-national level, however, RPS trends are more dynamic.
In the United States, 29 of 50 states, the District of Columbia and
3 territories had targets set under RPS by year's end. In 2016,
the general roll-back of state RPS targets was largely reversed,
with more-ambitious RPS policy mandates adopted in the US
Commonwealth of the Northern Mariana Islands, the District
of Columbia and the states of lllinois, Maryland, Michigan,
Minnesota, New York, Ohio, Oregon, Rhode Island and Vermont.®®
In Ohio, the first state to freeze its RPS policy, an extension of the
freeze that had been in place since 2014 was rejected in 2016,
restoring the original policy.®®

In addition to regulatory policies, several countries provided
public funds through grants, loans or tax incentives to drive
investment in renewable energy deployment. In early 2016,
India launched a 30% capital subsidy for rooftop solar PV
installations backed by USD 750 million (INR 50 billion) to fund
the new programme; the fund is expected to support 4,200
MW of new capacity.”” The Republic of Korea pledged to invest
USD 36 billion in clean energy by 2020, with 79% of the funds
earmarked for deployment of renewable energy and 11% for
energy storage”" As of end-2016, Sweden removed its tax on
solar production in order to advance the national target of 100%
renewable electricity by 2040.7

Many such incentives have been reduced or eliminated in recent
years in response to tightening fiscal budgets and/or falling
technology costs. Significant examples from 2016 include the
Netherlands, which plans to phase out subsidies over the coming
decades (despite these plans, in 2016, a 33% increase in the
government's budget for support to renewable technologies was

announced), and the United States, which rolled back support
for a number of renewable technologies previously supported by
the Production Tax Credit.”®

At the sub-national level, Alberta (Canada) introduced a
renewable energy credit funded through the province's carbon
tax on large industrial carbon emitters.* In the United States,
Florida removed property taxes from solar PV panels installed
at businesses and manufacturing facilities, and Wisconsin
authorised USD 7.7 million for rebates for small-scale, customer-
based projects, including solar, geothermal, biogas, biomass and
small-scale wind power for both power and non-power uses.”

Globally, the development and deployment of supporting
technologies such as energy storage and smart grid systems
drew increased focus from policy makers at the national and
state/provincial levels. (= See Enabling Technologies chapter,)
To advance these technologies, many governments are adapting
mechanisms that long have been used for the promotion of
power generation technologies (including a mix of incentives
and regulatory support), as well as newer mechanisms such
as tenders, often through direct calls for their integration with
renewable technologies.

For example, in 2016, Germany enacted a USD 31.5 million
(EUR 30 million) programme to provide loans and grants to
support residential solar PV systems combined with battery
storage.’”® India made multiple commitments to energy storage,
calling for its first bid for solar energy (300 MW of projects) that
mandated the inclusion of a storage component”” Suriname
similarly held a tender for a solar PV installation including battery
storage.”® The United States also awarded USD 18 million to six
solar PV projects that integrate energy storage.”® In a bid to better
integrate renewable power sources in the national electricity mix,
Jordan launched the first of three tenders designed to enhance
the national transmission network to allow solar and wind power
generated in the south to reach population centres in the central
and northern areas of the country.®

Enabling technologies also continued to receive support through
policies not directly tied to renewable energy. Sweden announced
support for energy storage and smart grid technologies with
investments of USD 5.5 million and USD 1 million (SEK 50 million
and SEK 10 million) per year, respectively, with an initial outlay
of USD 2.75 million (SEK 25 million) provided to energy storage
in 2016.8" At the sub-national level, the US state of California
enacted four new pieces of legislation to promote the deployment
of energy storage; the state increased funding and required that
investor-owned utilities accelerate the pace of deployment

In 2016, governments also adopted policies to support the
development of domestic renewable energy supply chains. For
example, under its FIT, Iran established a 35% premium for solar
and wind power plants built using domestic content.®® Also in
2016, Turkey included a premium of up to 50% higher tariffs
under the country's wind power FIT if all turbine components
are made in the country, and adopted a 50% tariff on solar
panel imports.®* For the first time in the country, a local content
requirement also was applied to tender specifications for the
Karapinar solar PV project, for which it is anticipated that 75% of

i Opponents of net metering often claim that it increases costs for customers not generating their own power and that net metering policies should be

adjusted to better distribute the costs of grid operation.
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module components will be manufactured locally.?® In India, the
government plans to support the development of its domestic
solar panel manufacturing industry through a USD 3 billion
(INR 210 billion) Prayas initiative of government incentives.®®

During the year, policy makers expanded support for renewable
deployment specifically for low-income communities. In 2016, for
the first time, the US federal government launched an initiative to
promote solar power and energy efficiency for low- and moderate-
income Americans.®” Also during the year, Mexico instituted a
USD 106 million initiative, supported by the International Finance
Corporation, to finance the construction of solar-powered
energy-efficient houses in low-income communities.®®

Most policies targeted towards low-income populations have
occurred at the sub-national level in the United States. As of
2016, programmes to expand access to renewable energy for
low-income communities existed in California, Massachusetts
and the District of Columbia, and 12 states had community net
metering programmes to help low-income residents access
solar PV by allowing the benefits of solar PV to be extended
to renters and not only property owners.®® New state initiatives
during the year included New York's USD 3.6 million in funding
to support solar PV deployment in low-income communities, and
lllinois' Future Energy Jobs Bill, which also promotes solar PV
deployment for low-income communities.*°
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RENEWABLE HEATING AND COOLING

Although renewable energy technologies in the power sector
continue to receive the most attention from policy makers, some
countries are taking measures to increase the deployment of
technologies in the renewable heating and cooling sectors as
well in order to achieve energy security goals (for example, in the
EU) or greenhouse gas emission reduction goals, among others.'
Despite these efforts, the unique and distributed nature of the
heating and cooling market continued to present challenges to
policy makers during 2016. High upfront investment costs and
competition with low-cost fossil fuels remained impediments to
the deployment of renewable heat.®?

As in the power sector, renewable heating and cooling
technologies generally are promoted through a mix of targets,
regulatory policies and public financing. During 2016, most
government support for the renewable heating and cooling
sector was provided through financial incentives in the form
of grants, loans, rebates or tax incentives aimed at increasing
deploymentand,insome cases, incentivising further technological
development. Countries also have adopted regulatory mandates,
which often are enacted through building codes or, as in some US
states, through the inclusion of renewable heat in RPS policies.
(» See Figure 47 and Reference Table R23.) Although far less

Figure 47. Countries with Renewable Energy Heating and Cooling Policies, 2016
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(- See Table 3.,)
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are considered to have policies when at least one national-level policy is in place; these countries may have state/provincial-level policies in place as well.
Diagonal lines indicate that countries have no policies in place at the national level but have at least one policy at the state/provincial level.

125



126

POLICY LANDSCAPE

common than in the power sector, some governments have
used FITs, including the United Kingdom’'s Renewable Heat
Incentive (RHI), and tendering mechanisms, such as those held
in South Africa in 2016, to support deployment of renewable
heating and cooling technologies.

These policies have continued to focus on the promotion of
heating and cooling technologies in the buildings sector and,
in many cases, include linkages to energy efficiency policies.®
(» See Energy Efficiency chapter,) The development of targeted
mechanisms to overcome technical barriers to the promotion of
renewable heating and cooling in industry - for example, R&D
policies to help renewable technologies meet the technical standards
(temperature, pressure, quantity) required by industrial consumers —
remained a challenge for policy makers during the year.®*

Europe is the largest producer of renewable heat worldwide and
continues to be a global leader in the use of policies to advance
the deployment of renewable heating and cooling technologies.®®
In September 2016, the European Parliament adopted a
resolution on renewable heating and cooling following the EC's
An EU Strategy on Heating and Cooling designed to promote
the adoption of energy efficiency measures and to provide
a framework for policy makers to better integrate renewable
heating and cooling into the buildings, industry and electricity
sectors.®® The parliamentary resolution called on EU member
states to phase out older, inefficient, fossil fuel-based boilers and
recommended the adoption of financing support mechanisms for
renewable heat.®”

At the national level in Europe, Bulgaria re-launched an energy
efficiency loan scheme supported by the European Bank
for Reconstruction and Development that provides support
to a wide range of efficiency improvements and solar water
heaters.®® Hungary expanded policy support to the heating and
cooling sector through two rounds of tenders and offered new
preferential loans in support of municipal renewable heating
and cooling projects.®® ltaly’s financial support scheme for up
to 40% of the capital costs of renewable heating and cooling
installations was revised following limited participation of the
public buildings sector compared with extensive participation of
the commercial sector. The revised policy increased the capacity
limit for eligible installations by 150% and expanded incentives by
linking payments to anticipated yield as well as to project size.%

Elsewhere in Europe, the former Yugoslav Republic of Macedonia
allocated a new round of subsidies covering up to 30% of the
cost of installing solar water heaters under its existing support
scheme.® In the Netherlands, a new building energy support
scheme introduced grants for biomass boilers and solar
thermal systems (and heat pumps).® Portugal adopted two
new incentive mechanisms to promote energy efficiency in the
buildings sector, including grants for up to 60% of the cost of
solar thermal systems in residential buildings and up to 35% in
commercial buildings.'”® Romania relaunched a subsidy scheme
providing incentives of USD 700-1,870 (RON 3,000-8,000) for
the installation of solar thermal systems (and heat pumps).'** The
Slovak Republic adopted a new grant scheme promoting solar
thermal systems (and heat pumps).'®®

Despite the positive developments in 2016, policy uncertainty
affected the renewable heating and cooling sector in several

countries in Europe. The United Kingdom released plans in
early 2016 to remove solar thermal support from its RHI in an
effort to “promote value for money”, but later reversed this action
under pressure from industry groups.’® In Northern Ireland, the
non-domestic RHI was heavily criticised for over-subsidising
fuel use and, as a result, was closed to new applications in
February 2016, In Switzerland, canton adoption of the national
model building energy regulations (including a 10% renewable
requirement for heating system retrofits) was delayed in many
regions of the country®® Similarly, the Swiss Harmonised
Incentive Model (including calls for incentives of up to 20% of
the total investment cost of solar thermal systems) has been
confronted with competing financial policy priorities, forcing
some cantons to pledge to end incentives entirely.'®

Africa also was among the most active regions in renewable heat
policy in 2016. Bids for South Africa's long-delayed solar water
heater supply, delivery and warehousing tender closed in January
2016."° Lesotho, Mozambique and Zimbabwe continued to
develop policy for renewable heat in 2016, following early actors
on the continent such as Namibia and South Africa.™

Elsewhere, Chile extended to 2020 a tax credit for commercial
solar thermal systems approximately two years after the original
credit expired, including retroactive support for systems installed
during the lapse." India enacted new loan incentives designed to
help solar process heat developers finance the upfront costs of
project development. This new policy builds on an existing 30%
subsidy available to developers later in the project development
cycle and on a long-term loan programme that offers preferential
rates for deployment of solar thermal systems."™

The United States extended tax credits for solar thermal heat
systems through 2021 and awarded grants through the SunShot
Initiative to six R&D projects that aim to reduce the cost of
concentrating solar collectors and the energy they generate,
with some of the research designed to increase the supply of
renewable process heat in the country.™ The federal tax credit
for biomass stoves in the United States was allowed to expire as
scheduled at year-end 2016."® At the state level, New York State
extended its Clean Heating Fuel Tax Credit incentivising the use
of biodiesel in heating oil through 2020."




TRANSPORT

Policy support for improving the sustainability of the transport
sector traditionally has occurred in two key areas: increasing
energy efficiency (> see Energy Efficiency chapter) and
expanding the use of biofuels in road transport, although there
also is growing interest in electric vehicles (EVs) (- see Enabling
Technologies chapter) and in advanced biofuels for aviation
and maritime transport. Strong policy support has allowed the
renewable transport sector to weather some of the difficulties
posed by low international oil prices. However, the reduced
price competitiveness of renewable fuels has created investment
challenges and has limited discretionary biofuel blending where
not mandated."”

The policy debate over the sustainability of first-generation
biofuels continued in 2016; there was a resurgence of the food
versus fuel debate, particularly in Argentina, following the rising
price of soy oil during the year."® In Europe, the new package of
clean energy and emissions reduction goals provided guidance
on biofuels use. Specifically, the plan calls for a gradual reduction
in the share of food-based biofuels in transport fuel, from 7%
of transport fuel consumption in 2021 to 3.8% in 2030; “low-
emissions” fuels, including renewable electricity and advanced
biofuels, are targeted to increase from 1.5% in 2021 to 6.8% in
2030." In Canada, a set of guiding principles for sustainable
biofuels was released.”
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Despite ongoing debates over biofuel production and use, biofuel
support policies continued to be adopted during 2016. Biofuel blend
mandates and financial support for biofuel blending programmes
continued to be the most common forms of support for renewable
energy in the transport sector? (= See Figure 48 and Reference
Table R25.)

In 2016, biofuel blending policy was particularly active in North
America. The United States released 2017 blending mandates
under its Renewable Fuel Standard, requiring the blending of
73 billion litres (19.3 billion gallons) of renewable fuels, including
16.2 billion litres (4.3 billion gallons) of advanced biofuels
and 1.2 billion litres (311 million gallons) of cellulosic biofuels.
The United States also established a mandate for blending
79 billion litres (2.1 billion gallons) of biomass-based diesel
in 2018.22 Canada announced its intention to adopt a national
clean fuels standard, building on sub-national blend mandates
already in place in 5 of the country’s 10 provinces.””®

Elsewhere in 2016, Mexico mandated the blending and sale of E5.8
outside of the three metropolitan areas of Guadalajara, Mexico
City and Monterrey, where ethanol blending was initially piloted.'**
Argentina enacted a B10 and E10 mandate and announced plans
for an E26 mandate to be enacted in 2017, Malaysia increased
its B7 mandate to B10; and Indonesia increased its B5 mandate
to B20.”?° India set goals of E22.5 and B15 through a new policy
that promotes the use of non-conventional biofuel feedstocks
(for example, biodiesel from bamboo, rice straw, wheat straw
and cotton straw, and ethanol from molasses).”® Panama's

Figure 48. Countries with Biofuels Obligations for Transport, 2016
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Source: REN21 Policy Database

Note: Figure shows countries with biofuels obligations in the transport sector. Countries are considered to have policies when at least one national-level
policy is in place; these countries may have state/provincial-level policies in place as well. Bolivia, the Dominican Republic, the State of Palestine and Zambia

added obligations during 2010-2012 but removed them during 2013-2015.
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ethanol mandate increased to E10; Vietnam established an E5
mandate; and Zimbabwe returned its blend mandate to E15
after a temporary reduction to E5 due to a lack of supply.”” At
the sub-national level, Queensland (Australia) mandated that fuel
retailers with 10 or more locations in the province sell specifed
shares of renewable blended fuel?® The mandate has been
supported by a government-backed educational campaign,
E10 OK, that promotes the use of biofuels and allows motorists
to check the compatibility of their cars for E10.%° In the United
States, Minnesota's B10 mandate that is scheduled to increase to
B18 by 2018 was upheld in court after having been challenged by
multiple fossil fuel industry associations as being incompatible
with the federal Renewable Fuel Standard.’*®

New financial incentives also were introduced in 2016 to promote
biofuel production and consumption, biorefinery development
and R&D into new technologies. Argentina extended tax
exemptions for biodiesel production through 2017, Sweden
introduced tax cuts on both ethanol and biodiesel, and Thailand
provided subsidies to support a trial programme for the use of B20
in trucks and B10 for military and government use.® At the US
state level, Hawaii introduced a tax credit for biofuel producers,
and lowa extended biodiesel and ethanol tax credits through
2025.% Incentives to the biofuels sector also were rolled back in
2016. Argentina increased taxes on biodiesel exports, Brazil's tax
exemption on ethanol was allowed to expire at year's end, and,
after being extended in late 2015, the biodiesel tax credit in the
United States expired at year-end 2016.**

The vyear also brought increased policy support for the
development and use of advanced biofuels. At the international
level, the 191 member states of the International Civil Aviation
Organization agreed in November to establish a global market-
based measure to reduce the sector's CO. emissions, which
includes specifications for advances in the production and use
of sustainable aviation fuel* Nationally, Denmark set a mandate
requiring that advanced biofuels represent 0.9% of transport fuel
use by 2020.° Australia awarded a USD 175 million (AUD 2.4
million) grant to develop and construct a biocrude and biofuel
laboratory in Queensland, potentially leading to the capability of
producing renewable diesel and jet fuel from plant material.'*®
The United States launched the Sustainable Biofuels Innovation
Challenge to stimulate the development of advanced fuels,
announced USD 90 million in funding for biorefineries capable
of creating fuel from non-food domestic biomass, and provided
separate funding for the development of a demonstration-scale
facility capable of producing renewable diesel and renewable jet
fuel from industrial waste gases.'’

Despite increasing attention to advanced biofuels, use of these
fuels in the aviation, rail and maritime transport sectors has
largely been left out of broader strategies to advance the use
of bioenergy in the transport sector. For example, jet fuel is not
recognised under the California Low Carbon Fuel Standard,
although its inclusion was under consideration as of year-end
2016.%¢ Nonetheless, some plans or policies were launched
in 2016 that will support the integration of renewable energy
in these sectors. For example, India launched its Green Port
Initiative, which aims to install wind and solar power systems at
major ports across the country.’

Few policies directly link electric vehicles to renewable energy
at the national or state/provincial level despite the fact that
policy support for EVs has been on the rise. (= See Enabling
Technologies chapter) The potential interplay of renewable
energy and EVs in transforming transport energy use is gaining
political attention.“©

CITY AND LOCAL GOVERNMENTS

Municipal policy makers play an increasingly important role
in promoting the use of renewable energy. This is true for two
reasons: 1) more and more policy makers at the local level are
setting targets and enacting policies to advance renewables in
their cities and towns, and 2) population growth combined with
urbanisation has resulted in ever-greater demand for energy
services in municipalities and has raised their share of the world's
energy consumption. In 2014, cities accounted for 65% of global
energy demand, up from approximately 45% in 1990.

Each city has a unique set of resources and pattern of energy
use and therefore presents its own unique challenges and
opportunities for policy makers. For example, cities such as
New York (United States), London (United Kingdom) and Seoul
(Republic of Korea) use much of their energy in the buildings
and transport sectors, whereas other cities including Shanghai
(China) and Kolkata (India) have large industrial sectors that
account for the majority of their energy use.

Throughout 2016, the number of cities committed to transitioning
to 100% renewable energy in total energy use or in the electricity
sector continued to grow. This trend has continued to spread
across the globe, with some cities, such as Burlington, Vermont
(United States) and more than 100 communities in Japan having
already achieved their 100% goals.*? (- See Reference Table R26.)
The Australian Capital Territory set a goal of 100% renewable
energy by 2020. In the United States, Boulder (Colorado), Salt
Lake City (Utah) and St. Petersburg (Florida) joined cities such as
San Diego (California), San Francisco (California) and Burlington
with targets to achieve 100% renewable energy or electricity.**
Los Angeles, the second largest US city, directed its municipal
utility to determine how to move to 100% renewable electricity,
although no specific target was established by year's end.*®




Several other large cities set less ambitious but still significant
targets in 2016, building on the actions of a host of cities with
similar targets. (- See Reference Table R26.) Calgary (Canada)
pledged to power all government operations on renewable
energy by 2025 Tokyo (Japan) committed to meeting 30%
of electricity demand with renewables by 2030.%” Cape Town
and the Nelson Mandela Bay Metropolitan Municipality (South
Africa) set goals of sourcing up to 20% and 10% of renewable
electricity, respectively, by 2020 to increase energy security.“®
New York City set targets for 1 GW of solar power capacity by
2030 and 100 MWh of energy storage by 2020.“° New York City,
California and Massachusetts are the three US jurisdictions that
had established targets for energy storage by year's end.'®®

A number of cities have established their targets through the
carbonn Climate Registry (cCR), a global platform designed for
cities to publicly and regularly report climate actions. As of 2016
the cCR had registered 237 renewable energy targets including
36 commitments to 100% renewables.’™

In 2016, municipal policy makers continued to make use of
their purchasing and regulatory authorities to spur deployment
within their jurisdictions. Government purchasing authorities
have the power to transition public transportation fleets to clean
fuel or EVs, or to install solar panels on municipal buildings.
Municipalities also face many unique challenges, such as the lack
of capital needed to finance large infrastructure projects.

Municipal governments have the power to set local building
codes, mandate the use of solar water heaters or enact energy
efficiency standards. Additional regulations can mandate the
collection of energy sector data, helping to improve future energy
policy and planning efforts.’? In 2016, Santa Monica (California)
mandated the installation of solar PV rooftop systems for all
new buildings and passed a law requiring all new single-family
homes to qualify as zero net energy, consuming only as much
energy as they produce®® San Francisco mandated the use of
solar energy, either solar PV or solar thermal heating systems, in

REN21

Renewable Energy
Policy Network
for the 21st Century

L O]~ |&

new commercial and residential buildings, becoming the largest
city in the United States to institute such a mandate as well as
the first city in California to allow such a requirement to be met
through the deployment of solar thermal systems.'®

Several city governments also implemented mandates specific
to renewable heating and cooling in 2016, joining cities such as
Barcelona (Spain), Sdo Paulo (Brazil) and Shenzen (China) as
well as 903 municipalities in Italy with existing mandates.'®® Cities
also have focused on linking renewable energy to district heating
and cooling networks.

In 2016, Oslo (Norway) committed to phasing out fossil fuel
heating in homes and offices in favour of renewable heat sources
by 2020.%¢ New York City mandated the blending of biodiesel
into heating oil in the city, with the required share increasing from
2% in 2016 to 5% by October 2017, 10% by 2025 and 20% by
2034.%" Through the NYC Retrofit Accelerator, New York City
also encourages fuel switching away from natural gas for heat
and hot water, favouring heat pumps and biofuels by providing
information to consumers, including access to both public and
private finance.'®

In the transport sector, Oslo (Norway) pledged to power its
public bus fleet with renewable energy by 2020 as part of the
city's “climate budget”'®® Reykjavik (Iceland) set a goal to fuel all
vehicles (public and private) in the city with renewable energy by
2025% |n the United States, Seattle's publicly operated Seattle-
Tacoma Airport became the first airport in the world to seek
to supply airport-wide access to bio-jet fuel, and Sacramento
County (California) began fuelling its liquefied natural gas trucks
with biogas.® In Mumbai (India), the ethanol import tax was
eliminated in an effort to better align with a desire for increased
national ethanol use and to reduce local pollution in the city.™®

Cities continued to collaborate in 2016 to achieve their renewable
energy and climate mitigation goals. During the year, the C40
Cities initiative brought together leaders of 90 of the world's
largest cities to launch a pathway for cities to meet the goals of the
Paris Climate Agreement.’®® The Covenant of Mayors for Climate
& Energy attracted another 600 members in 2016, increasing the
total number of signatories to more than 7,200 communities with
a combined population of 225 million citizens.®* The group is now
committed to increasing energy efficiency and renewable energy
deployment to reduce emissions 40% by 2030 (based on each
member's Baseline Emission Inventory).s®

At COP22 in Marrakech, in late 2016, local and regional leaders
representing 114 countries launched the Marrakech Roadmap
for Action, in part to mobilise the financing needed to make
renewable energy infrastructure investments in cities around
the world.®® Also at COP22, a new Covenant of Mayors in sub-
Saharan Africa was launched to catalyse municipal-level action on
energy access and climate change mitigation and adaptation.’®”
At the Habitat lll conference in late 2016, countries around the
globe adopted the New Urban Agenda, which establishes a
roadmap for guiding sustainable urban development over the
next 20 years.®® Under these initiatives, cities have adopted their
own unique commitments and strategies for renewable energy
deployment.
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Table 3. Renewable Energy Support Policies
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Table 3. Renewable Energy Support Policies (continued)
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Note: Countries are organised according to annual gross national income (GNI) per capita levels as follows: “high” is USD 12,476 or more, “upper-middle” is USD
4,036 to USD 12,475, “lower-middle” is USD 1,026 to USD 4,035 and “low" is USD 1,025 or less. Per capita income levels and group classifications from World
Bank, "Country and Lending Groups”, http://data.worldbank.org/about/country-and-lending-groups, viewed March 2017. Only enacted policies are included
in the table; however, for some policies shown, implementing regulations may not yet be developed or effective, leading to lack of implementation or impacts.
Policies known to be discontinued have been omitted or marked as removed or expired. Many feed-in policies are limited in scope of technology.

Source: See endnote 1 for this chapter.
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Table 3. Renewable Energy Support Policies (continued)
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i Tendering column includes all countries that have held tenders. Countries that held tenders in 2016 are denoted with "H", and historical tenders where no
tender was held in 2016 are denoted with "X".



Table 3. Renewable Energy Support Policies (continued)
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Burkina Faso
Ethiopia
Gambia
Guinea

Haiti

Liberia
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Malawi

Mali
Mozambique
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Rwanda
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Togo
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"Certain Caribbean countries have adopted hybrid net metering and feed-in policies whereby residential consumers can offset power while commercial
consumers are obligated to feed 100% of the power generated into the grid. These policies are defined as net metering for the purposes of the GSR.

2FIT support removed for large-scale power plants.

3Spain removed FIT support for new projects in 2012. Incentives for projects that previously had qualified for FIT support continue to be revised.

4State-level targets in the United States include RPS policies.

5The area of the State of Palestine is included in the World Bank country classification as "West Bank and Gaza".

%Includes renewable heating and/or cooling technologies.

Note: Countries are organised according to annual gross national income (GNI) per capita levels as follows: “high” is USD 12,476 or more, “upper-middle” is USD
4,036 to USD 12,475, “lower-middle” is USD 1,026 to USD 4,035 and “low" is USD 1,025 or less. Per capita income levels and group classifications from World
Bank, "Country and Lending Groups”, http://data.worldbank.org/about/country-and-lending-groups, viewed March 2017. Only enacted policies are included
in the table; however, for some policies shown, implementing regulations may not yet be developed or effective, leading to lack of implementation or impacts.
Policies known to be discontinued have been omitted or marked as removed or expired. Many feed-in policies are limited in scope of technology.

Source: See endnote 1 for this chapter.
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In an energy system, STORAGE can be seen as a source of

generation as well as demand, offering the possibility to bridge

~ periods of over- and under-production of electricity from variable
renewable energy resources. Energy storage solutions include pumped

storage, batteries, flywheels and compressed air energy storage.
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Salem Smart Power Center - Storage capacity: 5 MW lithium-ion battery,
1.25 MWh energy - Portland, Oregon, USA
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06 ENABLING TECHNOLOGIES AND
ENERGY SYSTEMS INTEGRATION

This marks the first instalment of a chapter in the Global Status Report devoted to enabling technologies and energy systems integration,
The purpose is to convey information on current developments in various energy technologies, infrastructure, markets and institutional
frameworks that advance and facilitate expanded deployment of renewable energy. Due to the emerging linkages between the
advancement of various enabling technologies and continued growth in renewables, the GSR examines major themes and developments

in this area.

he remarkable growth in renewable energy production in

recent years has been concentrated in the power sector;
meanwhile, the heating and cooling and transport end-use
sectors have not seen commensurate growth. Most power
sector growth has occurred among the variable renewable
energy technologies (wind power and solar PV) raising concerns
about potential challenges of integrating large shares of variable
generation into existing power systems. Against this backdrop,
certain enabling technologies - along with improvements in
energy infrastructure, energy markets and related institutional
frameworks - can serve two synergistic purposes: creating new
conduits for renewable energy to reach all end-use sectors, and
facilitating the successful integration of ever-growing shares of
variable renewable electricity generation.
Enabling technologies can take many forms. For the purpose
of this chapter, they are technologies that share the potential
to facilitate and advance the deployment and use of renewable
energy, and include:
m End-use technologies (e.g., electric vehicles and heat pumps)
m Energy storage (e.g., pumped storage; home-, commercial- or

grid-scale batteries; thermal storage)

m Demand-side energy management technologies (e.g., energy
management systems in buildings; interruptible industrial load)

m Energy supply and delivery management technologies (e.g.,
advanced distribution network management and systems
control options).!

Overall, enabling technologies comprise both the physical
infrastructure and the automation technology required to support,
for example, greater systems integration, data collection and
dissemination of system resources, and effective and efficient
demand response. This can enhance the function and efficiency
of energy systems and thereby facilitate greater deployment and
use of renewable energy.

This chapter reports on current developments for three types
of enabling technologies: energy storage, heat pumps and
electric vehicles (EVs). None of these technology groups has
been developed for the specific purpose of facilitating wider
deployment of renewable energy. For instance, energy storage
historically has been deployed for use in consumer goods (e.g.,
mobile phones), in modern manufacturing (for applications
where uninterrupted power is critical) and to support large-scale
grid power management (i.e., via pumped storage).? Heat pumps
have been a primary option to improve efficiency in electrified
water and space heating. EVs have been pursued largely for their
potential to improve local air quality and to reduce the direct use
of fossil fuels in the transport sector.?

Endnotes: see full version online at www.ren21.net/gsr
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These technologies present significant opportunities to bring
additional benefits by creating new markets for renewable energy
in buildings, industry and transport. For example, electrification
of vehicles not only reduces local air pollution, but also allows
for rapidly growing renewable power technologies to displace
fossil fuels in a sector where renewables other than biofuels
previously were barred from entry. Air quality is enhanced further,
along with other benefits of expanded renewables deployment.
Heat pumps allow renewable power to substitute for fossil fuels
in buildings and industrial heat applications, and energy storage
solutions help to balance grid-connected renewable energy
supply against energy demand and facilitate off-grid renewable
energy deployment.*

In addition to their potential to create new or expanded markets
for renewable energy, enabling technologies can help better
accommodate rapidly growing shares of variable renewable
electricity generation. Power systems have always required
flexibility to accommodate ever-changing electricity demand,
system constraints and supply disruptions, but growing shares
of variable generation may require additional flexibility from the
broader energy system.® (= See Feature chapter,) This includes
flexible generation; load response from energy consumers;
coupling of the electric, thermal and transport sectors; improved
delivery infrastructure; and enhanced energy markets and
associated institutions. The increased integration of the electricity
sector with thermal applications in buildings and industry and
with transport is one such approach, as is increased use of
energy storage.®

While enabling technologies in their own right may present new
opportunities for renewable energy, a wide range of additional
considerations needs to be explored to promote broader energy
system integration. These considerations span various technical,
regulatory and market elements that may help to unlock
greater synergies between renewable energy generation and
various enabling technologies, possibly allowing more optimal
outcomes, and they pertain to the following areas”:

Market design frameworks that allow both the proper
valuation of and compensation for enabling technologies.
Enabling technologies can provide a range of services and

benefits to individual consumers, energy providers and the energy
system as a whole, helping to balance supply and demand, to
promote the stability of the power grid and to provide backup
energy during power outages or energy shortages. However,
there may not be a market framework in place either to establish
the economic value of such services or to compensate the owner
of the enabling technology once such value is established.
This may reduce the attractiveness of investment in enabling
technologies.

Legal and regulatory frameworks that allow the
participation of enabling technologies, as well as the
monetisation of their services. Depending on the jurisdiction,
the participation of enabling technologies may not be allowed
without changes to laws, regulations and grid codes. For instance,
while an individual electric vehicle may be used for backup power
during an outage, it may not be permitted to sell power into an
electricity market.

Sufficient availability and access to system data, and
appropriate legal safeguards thereof. A healthy market for
enabling technologies likely will require some level of access to
consumer and grid data, such that utilities and possibly other
parties may pursue the most valuable opportunities and promote
economically efficient allocation of resources. This requires
finding a balance between consumer privacy and protection
of critical infrastructure data, with the objective of forming an
efficient, dynamic and open market.

Adequate technology for grid operators to gather, process
and act on system data in real-time and to reliably control
and dispatch enabling technology installations from
a distance. To maximise the effectiveness and efficiency of
enabling technologies, it is necessary to know their moment-
by-moment availabilities and capabilities and to understand
how best to use them. An infrastructure that can support
bi-directional information exchange is required in order to
feed a continuous stream of data about the conditions of the
power system as a whole, including the availability of enabling
technology installations (individual or aggregated) to respond to
automated commands based on real-time, system-wide resource
optimisation.




ENERGY STORAGE

Energy storage has long been used for a variety of purposes,
including to support the overall reliability of the electricity grid, to
help defer or avoid investments in other infrastructure, to provide
backup energy during power outages or other energy shortages,
to allow energy infrastructure to be more resilient, to support
off-grid systems and to facilitate energy access for under-served
populations. In 2016, a primary driver for advances in energy
storage was the demand for battery storage in EVs.®

Energy storage technologies can capture energy during periods
when demand or costs are low, or when electricity (or heat) supply
exceeds demand, and can surrender stored energy (electric or
thermal) when demand or energy costs are high. Storage can

REN21

provide system benefits and flexibility to customers, system
managers and utilities and can be applied from the household level
(behind the meter) to utility-scale. Storage also can participate in
a range of market segments, particularly in power markets, acting
as a direct energy provider to the broader system, as hardware
to support energy delivery or as a supplementary system for
individual households or businesses.® (= See Figure 49.) Many
ownership models are possible (e.g., utility, third-party, customer
level), along with a diverse mix of corresponding business and
financing models to promote growth® A number of different
energy storage technologies exist and are under development,
and their characteristics (response time, discharge time, output
capacity and efficiency) and functions vary widely. As of 2016,
most electric energy storage capacity relied on pumped storage!,
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Figure 49. Storage Applications in Electric Power Systems
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the oldest and most mature electricity storage option, as well
as the largest in scale (per system). Other electricity storage
technologies include batteries (electro-chemical), flywheels
and compressed air (both electromechanical). Thermal energy
storage, which stocks heating or cooling for later use (e.g., molten
salt, ice storage, etc.) also is present in some markets and can
serve both thermal applications and electricity by conversion.”
Only pumped storage is a highly mature technology; all others
are undergoing development and transition. The potential
for abundant, low-cost energy storage offers the prospect of
reconceptualising how energy systems are planned and operated.

ENERGY STORAGE MARKETS

Global grid-connected and stationary energy storage capacity
in 2016 totalled an estimated 156 GWi, with pumped storage
hydropower accounting for the vast majority.”® (= See Figure 50.)
More than 6 GW of pumped storage capacity was commissioned
in 2016, for a year-end total of approximately 150 GW.“ (» See
Hydropower section in Market and Industry Trends chapter,)
The rest of this section focuses on energy storage other than
pumped storage.

About 0.8 GW of new advanced energy storage capacity became
operational in 2016, bringing the year-end capacity total to an
estimated 6.4 GW."> Most of the growth was in battery (electro-
chemical) storage, which increased by 0.6 GW for a total of
17 GW.® Lithium-ion batteries comprised the majority of new
capacity installed.” The remaining additions were mainly in the
form of thermal storage, which was up by 0.2 GW (mostly molten
salt storage at CSP plants), for a year-end total of 3.1 GW."® Very
little electro-mechanical storage was added in 2016, with the total
remaining at 1.6 GW.® Emerging technologies such as conversion
of surplus electricity to hydrogen or other gases are in the earlier
stages of development and demonstration and have not yet seen
large deployments.

The United States added the most new non-pumped storage
capacity in 2016 (0.3 GW), followed by the Republic of Korea
(0.2 GW) and by Japan, Germany and South Africa (0.1 GW
each).?® The United States also had the most non-pumped
energy storage capacity (1.5 GW) at year's end, followed by
Spain, Germany and Chile. For stationary battery storage alone,
the United States was in the lead, followed by the Republic of
Korea, Japan, Germany, Italy and Chile.?' (= See Figure 51.)

Figure 50. Global Grid-Connected Energy Storage Capacity, by Technology, 2016
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i Pumped storage hydropower involves pumping water to a higher elevation to store its potential kinetic energy until the energy is needed. Pumped storage
can be implemented in a stand-alone (closed-loop) application or as part of a conventional reservoir hydropower facility (open loop). Without pumping
capability, a conventional reservoir hydropower facility can serve as storage only in the context of deferred generation, meaning that generation can be
held off to accommodate other generation (such as solar PV and wind power), but excess grid power cannot be captured for storage.

ii This total aims to include all storage with the exception of off-grid storage or batteries in EVs, but it may exclude some thermal storage in district heating systems.
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Figure 51. Global Grid-Connected Stationary Battery Storage Capacity, by Country, 2006-2016

Megawatts
1,800 ]_17]_9
1,600 Rest of World

M Chile
1400 —— M Htaly

Germany

1200 ——— W Japan

M Republic of Korea
1,000 —— .

M United States

Grid-connected
800 620 BATTERY
£03 STORAGE
grew by

400 312 345

os6 290 +50%
200 in 2016.

2006

2007 2008 2009 2010 20M

Source: See endnote 21 for this chapter.

2012

2013 2014 2015 2016

The 0.3 GW of non-pumped storage capacity added in the
United States during 2016 included 01 GW of molten salt
thermal storage at a CSP plant in Nevada, with the remainder
being mostly battery storage, comprising primarily lithium-ion
technology.®® A large portion of the battery storage additions
was installed in California in anticipation of an electricity shortfall
due to a natural gas leak.?® By one estimate, about 20% of new
US battery storage capacity was in residential and commercial
behind-the-meter installations.?*

The Republic of Korea's additions (0.2 GW) in 2016 were all in the
form of electro-chemical storage, bringing the national total to
0.3 GW.?® The electric utility deploying the technology noted the
importance of owning and operating emission-free resources to
support its frequency control markets.?

Deployment of energy storage capacity also is rising rapidly in
Japan, where more than 0.1 GW was brought online in 2016 for a
year-end total of 0.25 GW.?” Following the March 2011 earthquake,
Japan's government began to explore options to increase power
system reliability and cross-regional co-ordination of the electric
grid through market liberalisation.?® Energy storage has been
deployed to provide flexibility to the country's rapidly increasing
output of variable renewable energy (particularly solar PV).?®

In Europe, Germany saw the largest additions of non-pumped
storage during 2016, with 36 MW of large-scale projects
commissioned for a year-end total of 11 GW.* The country’s
residential storage market (behind the meter) is expanding as a
growing share of solar PV systems is paired with battery storage;
rising from 14% of PV systems in 2014 to more than half of new
installations in 2016.%" An estimated 25,355 home energy storage
systems were installed in Germany during 2016, accounting for
about 80% of Europe's annual market.*?

Also in Europe, a 20 MW battery storage project was installed in
the Netherlands in 2016 as a replacement for a natural gas peaker

generation plant.®®* The United Kingdom committed to significant
additional future capacity when National Grid (the owner and
operator of the transmission grid in England and Wales) procured
0.2 GW of Enhanced Frequency Response services through an
auction in mid-2016; all winning bids were in the form of storage
solutions that are to be implemented in 2017-2018, at a total cost
of USD 81 million (GBP 66 million).3*

China has relatively little storage capacity to date, beyond
pumped storage. However, this could soon change due to a
pilot programme, launched in 2016, to address curtailment of
solar and wind power in three of the country’s northern regions.
This programme is designed to allow energy storage to provide
services such as peak shaving and frequency regulation and to
receive payment for services provided.®

Australia, with one of the world's highest penetrations of
residential solar PV, is a small but rapidly expanding market
for small-scale, behind-the-meter battery storage systems.®
Battery storage systems are being used to increase on-site use
of distributed generation. Rising electricity prices, falling costs
of solar PV systems and declining feed-in-tariffs have combined
to drive Australia's market for residential battery systems in
conjunction with solar PV.*” Many solar suppliers have begun
to offer battery solutions as part of their solar installations, and
the market is growing rapidly from a small base.*® In 2016, the
annual residential storage market grew 13-fold, with nearly
7,000 systems installed.®®

While most advanced storage capacity added in 2016 was in the
form of batteries (electro-chemical), thermal storage is playing
an increasingly important role alongside CSP plants. In South
Africa, 0.1 GW of molten salt thermal storage came into operation
during 2016 at two CSP plants, providing several hours of plant
operating capacity.*® China also added a small amount of CSP-
linked storage capacity.” (» See CSP section in Market and
Industry Trends chapter,)
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Seasonal storage for heat generated by renewable energy for
district heating systems (heat is fed in the summer, taken out in
winter) continued to be used in several European countries and
in Canada in 2016.%2 Such systems often are combined with the
electric grid, using excess electricity for stored heat.*®

ENERGY STORAGE INDUSTRY

The year 2016 was characterised by the diversification of utilities,
renewable energy companies, vehicle manufacturers and oil
and gas companies into the storage industry in order to capture
rapidly growing markets. For example, Innogy SE, the renewable
energy subsidiary of German utility RWE, took over the solar and
energy storage business of Belectric Solar & Battery, and Total
(France) acquired a majority stake in Saft Groupe (France).**The
year also was marked by the expansion of product options and
manufacturing capacity, increased pairing of storage with other
systems (including solar PV and wind power) and ongoing
advances in a range of storage technologies.

As of 2016, Panasonic (Japan) dominated the production of
lithium-ion batteries for EVs and other applications, with double
the output of its nearest competitor.* The company collaborates
with Tesla (United States) through the latter's US-based
Gigafactory, which started mass production of lithium-ion
batteries in late 2016.4 Other leading manufacturers of batteries
for EVs include Samsung SDI and LG Chem (both Republic of
Korea).”” Chinese manufacturers are rapidly gaining market
share, including BYD and Contemporary Amperex Technology,
which reportedly benefit from preferential domestic treatment
over their three Japanese and Korean competitors, which are
pursuing battery manufacturing in China.*®

In the power sector, several companies advanced new home
storage options to compete in this rapidly growing market. For
example, Daimler AG (Germany) started delivery of its Mercedes-
Benz stationary residential energy storage units using lithium-
ion batteries that were originally designed for automotive use,
and committed to mass development of a lithium-ion battery
line in California.*® Germany's second largest utility, E.ON,
launched a residential solar-plus-storage option in its home
country.®® Sonnen (Germany) launched a home battery for self-
consumption in the United States, priced at 40% below the
company's existing residential system.’" In the first half of 2016,
Sonnen held a 23% market share across Australia, Europe and
the United States, followed by LG Chem (Republic of Korea)
and Deutsche Energieversorgung.®Numerous partnerships
were launched or announced to develop or distribute solar-plus-
storage solutions during the year.®® For example, solar PV inverter
manufacturer Sungrow (China) and Samsung (Republic of Korea)
launched a joint venture to provide complete energy storage
systems.>* US-based solar technology company Enphase Energy
joined Tesla, LG Chem and others in the battery storage market
in Australia in response to the country's surge in rooftop solar
power.% In addition, wind turbine manufacturer Envision (China)
and GE Ventures (United States), among others, acquired stakes
in Germany's Sonnen to increase their presence in fast-growing
energy storage markets in Australia, Europe and the United
States.%®

Several utility-scale renewable energy-plus-storage plants were
completed in 2016, including Tesla's first solar-plus-storage
installationinthe United Kingdom and a Sungrow facility in China.®”

Renewable Energy Systems (United States), an international wind
and solar power developer, has begun diversifying into large-
scale storage and had built 70 MW of storage capacity in North
America by early 2016.% In May of that year, solar PV developer
SkyPower (Canada) and BYD announced an agreement to bid for
up to 750 MW of solar-plus-storage capacity in India's upcoming
tenders.®® E.ON continued to expand its industrial-scale battery
technology operation during the year and announced plans in
early 2017 for two projects (totalling nearly 20 MW of storage) at
its existing wind farms in Texas.°

Also in 2016, German flywheel developer Stornetic presented an
energy storage solution for wind farms that allows operators to
balance output fluctuations over the long term and that could
enable wind farms to provide grid services.®" The company
also launched a 1 MW flywheel storage unit, quadrupling the
output of its machine, and commenced a joint project with EDF
(France) on advanced smart grid storage solutions.®? In late 2016,
Stornetic announced that it had optimised its EnWheel system
for transport use, enabling operators to store the braking energy
of trains to power acceleration for departure from stations.®®

Large increases in manufacturing scale, improvements in
storage capacity and density, and reductions in material
costs are working to push down the costs of batteries and
other storage technologies.®* Between 2010 and 2015, the
average price of lithium-ion batteries used in EVs fell 65%, to
USD 350 per kWh.%s As of late 2016, lithium technology prices
were as low as USD 1,600 to USD 1,900 per kW installed
when deployed on a large scale (e.g, comparable to a
100 MW natural gas-fired power plant).®®

Lead-acid batteries, which remain common for off-grid
installations, have experienced an increase in lifespan through
the integration of carbon. This advance has reduced the costs
of lead-acid batteries dramatically.” The costs of alternative
chemistry batteries also have declined in recent years, due
mostly to falling subcomponent costs and longer operating
lives; these advances, in turn, have unlocked additional services
and applications. For flow batteries, technology advancements
are resulting in longer operating ranges (discharge time),
and the introduction of larger-scale manufacturing is driving
down prices.®® The costs of thermal and non-battery storage
technologies, such as compressed air, vary widely; however, all
have seen steady cost reductions.®

Several promising storage options were entering the pilot
stage during 2016. The Stored Energy in the Sea project, led
by Germany's Fraunhofer Institute for Wind Energy and Energy
System Technology, began piloting a novel pumped storage
concept for large-scale storage of ocean energy. Researchers
estimate that the concept, which uses water pressure to drive
electro-mechanical pump components housed in submerged
storage units, could deliver cycle efficiency and levelised costs
of storage per kWh similar to conventional pumped storage.”
Also in Germany, GE won a contract to supply wind turbines
for Naturstromspeicher Gaildorf, a pilot project combining wind
energy and pumped storage. The base of each 3.4 MW turbine
will act as a water reservoir; an additional lower reservoir pumped
storage facility, which will use Voith (Germany) reversible Francis
pump-turbine units, lies 200 metres below in a nearby valley.”




ENERGY STORAGE POLICIES

Policies to support deployment of energy storage include policy-
driven procurement targets, energy market reforms and utility
mandates, as well as financial incentives such as grants, loans and
tax credits. Generally, policies target either distributed, customer-
sited behind-the-meter storage (residential and commercial) or
large-scale utility projects in front of the meter. Few incentives
exist, and as of end-2016 only a handful of governments had
adopted targets for energy storage. For example, in 2016 New
York City set a target of 100 MWh by 2020.2 However, energy
storage is receiving increased attention and support from policy
makers and regulators in a number of countries around the world.

To date, mandates for utility-scale capacity have been the most
common form of support for energy storage. In the United States,
electric utilities in California are required under a 2010 state mandate
to procure a total of 1.3 GW of energy storage by 2020; this mandate
was expanded by an additional 500 MW of energy storage in 2016.”
In addition, utilities in southern California were directed by the
state’s Public Utilities Commission to quickly procure over 60 MW of
electricity storage by year's end to overcome an expected electricity
shortfall due to a devastating natural gas leak discovered in late 20157

Other states and territories are following California’s lead. Oregon
passed legislation in 2015 requiring that the state’s main utilities
deploy 5 MWh of storage by 2020.7° In 2016, Massachusetts
became the third US state to pass an energy storage mandate.”
Puerto Rico mandated in late 2013 that renewable energy project
developers incorporate energy storage into new projects.”” In
Canada, the province of Ontario has mandated the procurement
of energy storage, with most projects designed to provide
frequency regulations service or voltage support to improve grid
functions; a two-part solicitation in late 2015 resulted in contracts
for 50 MW of storage capacity.’®

In 2016, countries also supported storage through tenders. For
example, India called for its first tender for solar energy (300 MW
of projects) that mandated the inclusion of a storage component.”
Suriname also held a tender for a solar PV project that included
battery storage.®

In part because electricity storage can be considered both
generation and load (similar to supply and demand), regulations
governing its role and function can differ greatly from one market
to the next. To ensure regulatory consistency, in 2016 the EU's
Energy Commission proposed a regional definition' for energy
storage.?’ In some countries, regulatory bodies are clarifying
the rules for the participation of energy storage by removing
barriers to participation and creating market structures for fast-
responding resources. For example, in 2016 the US Federal Energy
Regulatory Commission (FERC) began exploring regulations
to further reduce market barriers to energy storage solutions.®
This built upon FERC's 2011 mandate to create compensation
mechanisms for fast-response regulation service providers that
can support the grid when frequency deviation occurs with either
fast-response generation or stored energy.®
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Some governments are using financial incentives to improve
the cost-competitiveness of emerging storage technologies.
Germany offers a variety of incentive programmes, including
low-interest loans and grants for specific uses, customer
segments and storage technologies. In 2016, Germany extended
its incentive programmes for residential solar PV-linked storage
through 2018.84 Elsewhere in Europe, Italy provides a tax rebate
for battery storage in solar PV systems, and some cantons in
Switzerland offer subsidies.®> Sweden announced support for
energy storage and smart grid technologies with investments of
USD 5.5 million and USD 1 million (SEK 50 million and SEK 10
million) per year, respectively, with an initial outlay of USD 2.75
million (SEK 25 million) provided to energy storage in 2016.%¢

In Asia, Japan offers a national subsidy for residential batteries,
and China has offered significant incentives, such as subsidies
and domestic quotas, to spur development of a domestic storage
industry.®” The Republic of Korea pledged in 2016 to invest
USD 36 billion in clean energy by 2020, with 79% of the funds
earmarked for deployment of renewable energy and 11% for
energy storage.®®

In the United States, an investment tax credit is provided for up to
30% of the value of a qualifying energy storage system.® In 2016,
the country also awarded USD 18 million to six solar PV projects
that will integrate energy storage.®® At the state level, California's
Self-Generation Incentive Program, which provides rebates for
customer-sited generation and storage systems installed on the
customer's side of the utility meter, allocates 75% of its annual
USD 87 million budget to storage technologies and has been vital
to the growth of customer-sited storage in the state.’” New York
State offers incentives for commercial and industrial customers to
install batteries to reduce peak load.®?

On a smaller scale, the Australian cities of Adelaide and
Melbourne have provided incentives for the installation of solar
PV systems plus energy storage to increase self-consumption
from solar projects.®

i Storage was defined as "the act of deferring an amount of the energy that was generated to the moment of use, either as final energy or converted into another
energy carrier”, European Commission, Energy Storage - Proposed Policy Principles and Definition (Brussels: June 2016), https://ec.europa.eu/energy/sites/ener/
files/documents/Proposed%20definition%20and%20principles%20for%20energy%20storage.pdf.
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HEAT PUMPS

Heat pumps are used mainly for space heating and cooling of
buildings, as well as for some industrial heating and cooling
applications. Heat pumps transfer heat from one area (source) to
another (sink) using a refrigeration cycle driven by external energy,
either electric or thermal. They provide efficient heating, cooling,
humidity control and hot water for residential, commercial and
industrial applications by drawing on one of three main sources:
the ground, ambient air, or water bodies such as lakes, rivers or
the sea. Heat pumps also can use waste heat from industrial
processes, sewage water and buildings.

Depending on a heat pump's inherent efficiency and on its
external operating conditions, it has the potential to deliver
significantly more energy than is used to drive it. A modern,
electrically driven heat pump under optimal operating
conditions (a modest "lift" in temperature from source to sink)
can easily deliver three to five units of energy for every one unit
of energy that it consumes. That incremental energy delivered is
considered the renewable portion of the heat pump output (on
a final energy basis)’. When the input energy is 100% renewable,
so is the output of the heat pump.

HEAT PUMP MARKETS

The scale of the global heat pump market is difficult to assess
due to the lack of data and to inconsistencies among existing
datasets. Part of the reason for limited and fragmented data on
heat pumps may be due to variation in how systems are classified.
In moderate climates, where cooling demand is dominant, heat
pumps generally are counted as air conditioning equipment, with
a side benefit of dehumidification or provision of hot water. In
cold climates, the heating service is much more important and
thus heat pumps are counted as heating equipment, with cooling
and dehumidification considered welcome byproducts.®

Air-source heat pumps make up the largest share of the global
heat pump market, representing more than 80% of the European
marketi, followed by ground-source heat pumps. The vast
majority (90%) of air-source units installed around the world
are used primarily for cooling and for dehumidification in mild
and warmer climates.®® However, global data for air-source
installations are limited.

Most ground-source heat pumps are used for heating in colder
climates, but they also can serve cooling and dehumidification
loads.®® As of end-2014, the global stock of ground-source
heat pumps represented an estimated 50.3 GWw of capacity,
producing approximately 327 PJ (91 TWh) of output.®” The
largest markets for heat pumps are the United States, China and
Europe as a whole, where France, Germany, Italy and Sweden
were the most significant national markets in 2016.9

Europe's combined heat pump market (for both air- and ground-
source) grew by about 12% in 2015 (the most recent year for which
data are available), adding 890,000 units for a total of 8.4 million
units installed.®® By the end of 2016, total European installed heat
pump capacity reached about 73.6 GW, producing an estimated
148 TWh of useful energy, of which about 94.7 TWhii, or 64%,
was derived from ambient air and the ground, and the rest was
derived from input energy.'

The top 10 markets in Europe account for 90% of the region's
sales.” As of end-2014, Sweden led the region for ground-source
heat pump capacity with a total of 5.6 GWwn in operation and
52 PJ (14.4 TWh) of output.®> Sweden's output implies a utilisation
rate (capacity factor) of over 29%, compared to a global average
of less than 21% and a US average of less than 13%. Differences
in utilisation rates are explained by variations in climate and the
sizing of systems (i.e, whether units are sized for heating load
only or for peak-cooling load, which may result in oversizing of
units for heating load).”®®

In recent years, relatively low oil prices have slowed heat pump
sales in some markets, and for ground-source units in particular.
In Germany, sales of ground-source heat pumps in 2015 (12,500
units and 22% of the total German heat pump market that year)
declined by 8.1% relative to 2014, despite government support
programmes. By contrast, air-to-water heat pumps showed a
small increase of 1.3% in 2015.°¢ Finland also saw mixed results:
the overall heat pump market grew 2.4% in 2016, to over 60,000
units, but the growth was all for air-source units. Finland's sales
of ground-source systems, which accounted for 14.1% of the heat
pump market, declined by 7.8% in 2016.1%°

For the United States, the total market size is uncertain. As of late
2014, the market for ground-source heat pumps was growing at
an estimated average rate of 8% annually, and a total of 1.4 million
units was in operation, representing 16.8 GW of capacity and an
estimated 67 PJ (18.5 TWh) of output.'®®

China had approximately 11.8 GW4, of ground-source heat pumps
in place at the end of 2014, producing an estimated 66.7 P)
(14.4 TWh).°” Although sales of heat pumps (for heating) remain
small in China - with fewer than 10,000 units sold in 2015 - they
jumped three-fold that year relative to 2014,

Elsewhere in Asia, Japan and the Republic of Korea also are
significant heat pump markets. As of 2015, Japan had in place
an estimated 100 MW of ground-source heat pumps.'® The
Republic of Korea had in place nearly 800 MW of heat pump
capacity by the end of 2014 In 2015, the country’s stock grew
by about 10%, reaching 0.3 million units.™ It is estimated that
the heat pump market share represents 3-4% of the country’s
7 million residential, commercial, industrial and public
buildings.™Demand for heat pumps is spurred by ever-stricter
efficiency standards for building envelopes. Well-insulated and

i The total share of renewable energy delivered by a heat pump on a primary energy basis depends on the efficiency of the heat pump and on its operating
conditions, as well as on the composition of the energy used to drive the heat pump. A heat pump operating at a performance factor of four, driven by electricity
from a thermal plant at 40% efficiency, provides about 1.6 units of final energy for every 1 unit of primary energy consumed (4/(1/0.4) = 1.6).

i Market data for Europe from the European Heat Pump Association (EHPA), which includes 19 EU countries plus Norway and Switzerland, are indicative for all of

Europe. Countries not covered are small or do not have a method to collect data.

i This is based on an average performance factor of 2,77, which implies that the installed heat pump stock delivers 2,77 units of thermal output for each unit
of energy input. EHPA, European Heat Pump Market and Statistics Report 2016 (Brussels: 2016), http://www.researchandmarkets.com/research/dvqrab/

european_heat.
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air-tight buildings can be heated, cooled and dehumidified at
relatively low thermal differentials (“lift” from source to sink),
creating a particular synergy between heat pumps and efficient
building design. Moreover, as building design and construction
become more efficient, smaller heat pumps are required, reducing
initial system cost and further improving the competitiveness
of heat pumps relative to conventional fossil fuel systems. The
positive effect of building codes has been seen mainly in new
construction; however, building renovations invite the use of heat
pumps, either as full replacements or as hybrid solutions that
supplement existing heating and cooling systems."

The potential for heat pumps in industrial applications is
comparable to that in residential and commercial applications.
However, availability of data for the industrial segment is even
more limited.

HEAT PUMP INDUSTRY

The industry is characterised by a large number of relatively
small entities, although consolidation accelerated in 2016.
Manufacturers have pursued acquisitions mainly to gain access
to markets and to increase market share, as well as to access
know-how and to complement existing product portfolios.

In recent years, the global heat pump industry has grown in
scale and scope as major manufacturers from Europe, China
and the United States have extended their areas of activity both
geographically and sectorally (integrating heating and cooling, as
well as ventilation and, increasingly, dehumidification). A typical
example is the acquisition of air conditioning and ventilation
companies by boiler manufacturers, and vice versa. US and
Chinese companies have acquired companies in Europe, and
European companies have invested in the United States and
Asia™ Among the notable developments in 2016, Midea Group
(China) acquired an 80% stake in Clivet (Italy), UTC (United
States) completed a 70% acquisition of the Italian HVAC company
Riello Group S.p.A., and Mitsubishi (Japan) acquired Delclima
(Italy) and its subsidiaries Climavenata and RC Group." Swedish
heat pump maker Nibe completed several acquisitions, including
US-based Climate Control Group and the heat pump operations
of Enertech (United Kingdom)."®

Other notable trends in the industry include the combination
of heat pump technologies with ventilation, and the integration
of heat pump technologies and solar PV to increase on-site
consumption of distributed generation. Further synergies are
suggested by the correlation between solar irradiation and
cooling load, and the opportunity to use the "waste” heat from
heat pump cooling for domestic hot water production.””

Manufacturers of heat pumps and solar PV inverters are
co-operating to develop standards that enable a connected and
optimised operation of heat pump and solar PV systems. In some
instances, heat pumps are being configured to provide demand-
response services to “smart” electric grids, in order to take
advantage of their inherent operational flexibility.™® Heat pumps
that use water as a thermal medium for heating and cooling
employ water storage tanks that can aid in this regard.

Growing market penetration and increasing sales of heat pumps
also are resulting in cost reductions for components and systems
due to technical progress and economies of scale. A doubling of
the installed heat pump stock is expected to result in a 20% cost
reduction of heat pumps.”

HEAT PUMP POLICIES

In addition to indirect support provided by energy efficiency
standards and building codes, there are some limited examples
of support policies specific to heat pumps, mostly in the form
of fiscal incentives such as grants, loans and tax credits. Drivers
for heat pump support policies include improvements in energy
efficiency of space heating, increased use of renewable energy
and reductions in local air pollution.?

Several incentives were adopted in Europe in 2016 to support
the use of heat pumps as well as renewable heat technologies.
In the Netherlands, a new building energy support scheme
introduced grants for heat pumps, as well for biomass boilers and
solar thermal systems.””” Romania relaunched a subsidy scheme
providing incentives of USD 700 to USD 1,870 (RON 3,000 to
RON 8,000) for the installation of heat pumps (and solar thermal
systems), and the Slovak Republic adopted a new grant scheme
that promotes heat pumps (and solar thermal systems).?2
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Germany has backed up its commitment to increase its share
of renewable energy in the heating market by 2020 to 14% by
providing incentives for heat pumps (among other technologies)
under its Market Incentive Program. In 2015, the programme
provided about USD 13.1 million (about EUR 12 million), which
supported the installation of 3,700 heat pumps (equivalent to
about 20% of average system cost), about half of which were air-
source heat pumps.»®

Since 2014, the UK Renewable Heat Incentive (RHI) - similar to
feed-in tariffs for electricity generation - has provided incentive
payments for the heat output of renewable heat technologies,
including the renewable portion of heat pump output. Starting in
2017, tariffs paid were set to rise, alongside limits on annual heat
demand for eligible residential air- and ground-source systems
(20 MWh and 30 MWh, respectively) and a requirement to meter
electrical input in all residential systems in order to provide better
information on actual system performance.’

The United States also has enacted policies to support heat
pump markets. For example, a 10% corporate tax credit for
ground-source heat pumps was in place as of early 2017, as
was an accelerated depreciation scheme for businesses; a 30%
federal tax credit for ground-source heat pumps expired at the
end of 2016."%° In addition, many US states offer direct support for
ground-source heat pumps in the form of tax incentives, rebates,
grants or loans.” Through the NYC Retrofit Accelerator, New
York encourages fuel switching away from natural gas for heat
and hot water, favouring heat pumps and biofuels by providing
information to consumers, as well as access to both public and
private finance.”?’

In China, the Beijing municipal government began providing
a subsidy of approximately USD 3,600 (RMB 25,000) per
household to replace 150,000 coal boilers with air-source heat
pumps during 2016.2¢ The effort was successfully completed at
year's end. Tianjin, Shandong and Hebei provinces planned to
follow with similar incentives in 20172

ELECTRIC VEHICLES

Electric vehicles encompass any road-, rail-, sea- and air-based
transport vehicles that use electric drive and can take an electric
charge from an external source, or hydrogen in the case of fuel
cell EVs. Some EV technologies are hybridised with fossil fuel
engines (for example, plug-in hybrid electric vehicles, or PHEVs),
while others use only electric power via a battery (battery EVs).
A third variant uses fuel cells to convert hydrogen into electricity.

Beyond offering the prospect to reduce fossil fuel use in the
transport sector, EVs can create a new market for renewable
electricity. They can help integrate growing quantities of variable
renewable energy by using “smart” EV charging strategies that
communicate with grid operators and energy markets to promote
flexibility, allowing for the use of generation that otherwise might
be curtailed.®® Also, EVs have the potential to send electricity
back to the grid during periods of high demand and to substitute
for stand-alone customer-sited electric energy storage.

ELECTRIC VEHICLE MARKETS

Electrification of the transport sector expanded during 2016,
enabling greater integration of renewable energy in the form of
electricity for trains, light rail, trams as well as two- and four-
wheeled EVs. Political interest in electric mobility increased
following the 2015 Paris Agreement, which sparked a broader
debate on accelerating electrification of the sector™

Global deployment of EVs for road transport, and particularly
passenger vehicles, has grown rapidly in recent years. In 2016,
global sales reached an estimated 775,000 units, and more than
2 million passenger EVs were on the world's roads by year's
end.”®? (= See Figure 52,) The EV passenger car market (including
PHEVs) accounted for around 1% of global passenger car sales in
2016. The top five countries for total passenger EV deployment
in 2016 were China, the United States, Japan, Norway and the
Netherlands; together, they accounted for 78% of the year's global
sales® China and the United States are the market leaders in unit
sales, while Norway is well ahead of all other countries in terms of
market penetration.’*®

China's market has seen dramatic growth in recent years, with EV
sales increasing from about 11,600 vehicles in 2012 to more than
350,000 in 2016."%¢ China surpassed the United States in 2016 to
become the country with the most passenger EVs on its roads,
with more than 650,000 units in use by year's end.”

In the United States, sales were up 38%, following a decline of
more than 5% during 2015 (despite federal and state subsidies)
due to the drop in petrol prices.*® An estimated 159,000 vehicles
were added to the nation’s fleet in 2016."%°

In most countries, even those with strong incentives, EVs
continue to represent a small share of passenger vehicle sales.
Norway is the only market in which EVs have reached a mass
market stage, driven by a set of strong government incentives
that include EV exemption from sales and registration taxes, as
well as the construction of an extensive charging infrastructure *
In 2016, EVs represented 29% of new passenger vehicle
registrations in Norway, followed by Iceland with a market share
of 6%." Because EV sales still depend heavily on incentives, any
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disruptions in policy (or changes in fuel costs) can cause large
shifts between years, as was seen in 2015 in the Netherlands,
where an announced incentive reduction for PHEVs caused a

jump in demand, followed by a sharp contraction in market share
in 2016.142

Although electrically driven passenger cars have experienced
the most rapid market growth in recent years, EVs also come in
the form of trains, trams, buses, two- and three-wheeled vehicles
and others, including some marine vessels. In Europe, some
5,500 electric buses were on the road as of end-2016, around
90% of which were connected via overhead wire, and China also
appears to have a robust and rapidly growing market for electric
buses.** In most other countries, cities and transit companies are
experimenting with only several units at a time. China also was
home to an estimated 235 million electric two-wheelers based on
lead-acid battery technology in 201544

Beyond the primary motivations to date for electrification of
transport - reduced fossil fuel use and local air pollution -
several countries, municipalities, EV manufacturers and electric
utilities are experimenting with “smart” charging and vehicle-
to-grid technologies that will enable EVs to contribute to grid
storage, particularly from variable renewable energy sources. The
Netherlands is becoming an international leader in the use of
variable renewables for EV charging, or “smart charging”. By late
2016, 325 Dutch municipalities, several companies, universities and
grid operators had joined the Living Lab Smart Charging platform,
with the ultimate goal of ensuring that all EVs in the country are
powered by solar and wind energy. The Living Lab, supported by
the Dutch government, is converting existing charging stations
and installing thousands of new “"Smart Charging Ready” charging
points, which are used for research and testing, with the aim of
developing international standards based on the programme's
findings and innovations. As part of this effort, the Lombok
neighbourhood of Utrecht partnered with vehicle manufacturer
Renault (France) to test the vehicle-to-grid concept, using EVs as
solar power storage for reinjection to the grid when the sun is not
shining.#®

Significant challenges remain to scaling up markets for EVs, Some
of the most important include vehicle range, limited availability (in
most locations) of charging infrastructure, and a lack of uniform
charging standards.*® As of 2016, there were three primary plug
types for rapid charging of EVs: the CHAdeMO network, which
works only with Asian-made vehicles; the SAE Combo plug,
which fits in German and some US-made vehicles; and Tesla's
Supercharger network, which fits only Tesla vehicles.*” These
potential standards all compete in the marketplace.® Regulatory
issues surrounding charging infrastructure also remained a
barrier to electrification of the transport sector during 2016.%°

With such rapid growth in the EV market, electricity use for
transport is growing as well. By one estimate, full electrification of

Figure 52. Global Passenger Electric Vehicle Market (Including PHEVs), 2012-2016
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the entire European car fleet in operation in 2015 would consume
about 800 TWh of electricity annually, which would represent
a 24.3% increase in electricity demand that year®® With a fleet
of this scale, uncontrolled vehicle charging could exacerbate
load peaks on the regional power grid by a significant margin.
Conversely, if vehicle charging were shifted to off-peak hours,
and if it managed to coincide with renewable power generation,
the increase in electricity demand associated with EVs could be
accommodated.”™

ELECTRIC VEHICLE INDUSTRY

By the end of 2016, the global market leader among passenger
EV manufacturers was China-based BYD, which sold 100,000
vehicles during the year and achieved a 13% global market
share.®> The company started as a battery manufacturer in 1995
and is a relative newcomer in the automotive industry.'® Renault-
Nissan (France-Japan) sold about 86,000 EVs in 2016, and as of
August that year it was the leader in cumulative sales, with a total
of 350,000 units.®* This was followed by Tesla (United States)
with around 76,000 EVs sold, and BMW (Germany) with 62,000
units sold.”®

Several long-established vehicle manufacturers have realigned
their strategies, with plans to increase the share of EVs in their
future sales. In 2016, Volkswagen Group (Germany), announced
plans to bring more than 30 pure-electric models to market and
to sell 2-3 million EVs annually by 2025, equivalent to 20-25% of
its total projected sales.'® As part of this strategy, the company
plans to develop battery technology as a new core competency
and has expressed interest in building its own battery factory.”®’
Daimler AG (Germany) announced in 2016 that it would invest
USD 10.5 billion (EUR 10 billion) in EVs, and the company expects
to have 10 different models by 20225

The emergence of electric drives as an alternative to internal
combustion engines has opened opportunities for new entrants
to the automotive market. For example, Tesla and BYD quickly
became leaders in EV manufacturing; Tesla was founded as an
EV company in 2003, and BYD began the same year as a battery
manufacturer'®® Apple (United States) also is investing in EVs,
spending more on R&D in recent years for vehicles and related

services than it did on several other Apple products combined.'®®

In addition, several other global consumer electronic companies
have announced their interest in entering the EV market; in China
alone, some 200 mostly small companies were reported to be
developing and marketing EVs as of late 2016,

Driving range continues to be perceived as a relative handicap
for EVs, but manufacturers continue to advance battery
technologies to increase range. In 2016, for example, two mid-
priced battery-EV models from Renault-Nissan and General
Motors (United States) entered the market with ranges of more
than 300 kilometres each.® In addition, several companies
announced plans to launch vehicles with equal or greater range
in the coming years. By late 2016, nearly 500,000 reservations
had been made for Tesla's Model 3 (with a presumed range over
300 kilometres), which the company claims will enter production
in 2017%% Also in 2016, Daimler AG announced its EQ battery EV,
which has a range of up to 500 kilometres and is slated to launch
before the end of the decade, and Volkswagen Group introduced
a concept e-Golf model with a range of up to 600 kilometres to
come on the market in 2020 at a similar cost to its diesel-based
equivalent,’®4

The electric vehicle industry is assuming an active role in
addressing the shortage of charging facilities. In Europe, the
EV charging infrastructure has expanded rapidly, from 30,000
stations in 2014 to 100,000 stations in 2016, including 10,000 fast-
charging stations. In late 2016, auto manufacturers BMW Group
(Germany), Daimler AG, Ford Motor Company (United States)
and Volkswagen Group announced a joint venture to deploy,
starting in 2017, a network of high-powered 350 kW charging
stations in Europe to enable long-range travel for EVs.'® This
charging capacity is more than double the 2016 capability of Tesla
Superchargers and allows EVs with a range of 400 kilometres
to reach a full charge in 12 minutes.® In the United States, in
2016 and early 2017, Nissan and BMW announced plans to install
fast-charging stations across the country that will be equipped
to work with both CHAdeMO and SAE Combo connectors.'s
US electric utilities have joined the effort to expand charging
infrastructure, but some have been blocked by regulators over
concerns about who should pay for it.6®




Reducing battery costs is an important driver for EV market
development, although few manufacturers have provided details
on these costs. Also relevant to overall battery costs, and to EV
competitiveness in general, are the trends towards longer battery
lifetimes and higher energy storage densities.'®® General Motors
announced in 2016 that its battery cell cost for the Chevrolet Bolt
was a surprisingly low USD 145 per kWh, whereas an expert
had estimated the price at USD 215 per kWh."® As of early 2017,
battery sizes for small and mid-sized battery EVs ranged from
30 kWh up to a maximum of 60 kWh (for the Chevrolet Bolt), and
Tesla was offering up to 100 kWh battery capacity. Manufacturers
have been taking advantage of lower battery prices to increase
the range of EVs."!

Beyond passenger cars, work continued on development of
EVs for public transit and freight transport. Siemens (Germany)
made advances with its long-distance pure-electric trucks, while
companies in California, Singapore and Switzerland explored the
potential of autonomous electric buses.'”?

Exploration of methods to integrate renewable energy into
charging stations for electric cars expanded in 2016, although
many projects are pilot or demonstration, and integration remains
relatively small scale. In 2016 installation of what is reportedly
the world's first solar controlled, bi-directional charging station
for EVs was completed in Utrecht, the Netherlands, as part of
that country’s Living Lab programme.””® Even where renewable
energy is not directly available, some EV service providers
(e.g., car sharing companies in the United Kingdom and the
Netherlands) have begun offering a provision for buying
renewable electricity.”* Renewables also are being used to
charge public transit systems. In 2016, Chile announced that
Santiago’s subway system (the second largest in Latin America,
following Mexico City's) will be powered mostly by solar PV
(42%) and wind energy (18%) as of 2018."°

In addition, an increasing number of companies was working
in 2016 to integrate renewable energy technology directly
into vehicles. For example, Hanergy Holding Group (China)
introduced four concept EVs that use solar power to extend their
range, with plans to produce the vehicles commercially within
three years.”® Uganda launched Africa’s first solar-powered bus
(battery electric with solar extending the range); an Australian
company announced plans to launch a solar-powered jeepney
for use in the Philippines; and an inexpensive solar-powered
three-wheeled ambulance was set to provide service to rural
areas of Bangladesh before the end of 201777 Also in 2016, a solar-
powered aircraft, the Solar Impulse 2, successfully completed an
around-the-world flight after a 16-month voyage.””®

ELECTRIC VEHICLE POLICIES

The drivers for enacting policies to support EV use are varied. They
include enhancing energy security, reducing transport-related
carbon emissions and increasing opportunities for sustainable
economic growth.” For cities in particular, EV support policies aim
to reduce local air pollution and thereby to improve public health.

REN21

Several countries, states and provinces have issued targets for
electric vehicles. In many instances these are articulated in terms
of "zero-emission vehicles” (ZEVs'), which is largely synonymous
with EVs, including PHEVs. The international ZEV Alliance,
comprising several European countries and North American
states and provinces, announced in late 2015 a common goal to
achieve zero emissions for all new cars by 2050."'

Within a shorter time frame, the Netherlands set targets in 2016 for
10% of new cars to be EVs by 2020, 50% by 2025 and 100% by
20352 Norway is committed to all new passenger cars, city buses
and light vans being ZEVs by 2025.8% In April 2015, the country met its
initial target — to reach 50,000 ZEVs - three years early.®* In the United
Kingdom, all new cars and vans must be ZEVs by 2040, with the goal
that nearly all cars and vans on the road by 2050 will be ZEVs"®®

In Asia, India aims to have 6 million EVs (including hybrids) on
the road by 2020 under its National Electric Mobility Mission.!®
China's Technical Roadmap for Energy Saving Vehicles, issued
in October 2016, set a target for 7% EV sales by 2020 and 40%
EV sales (an estimated 15 million units) by 2030.®” The country
also has a target for the development of charging infrastructure,
aiming for 12,000 charging stations across China to serve
5 million EVs by 2020."%

In the United States, California and several other states require
ZEVs to make up around 15% of new car sales by 2025.%°
California also requires that the renewable energy share of
hydrogen for vehicles increase to 33% by 2022,1¢°

Fiscalincentives also are being used to advance EV use. In Europe,
Germany launched a support scheme for EVsin 2016 that includes
purchase grants and funding to expand recharging infrastructure,
and, as of early 2017, Austria offered a purchase premium for EVs
charged with 100% renewable electricity®' In Asia, Japan offers
subsidies for the purchase of low-emissions vehicles, including
EVs®2 During 2015, China spent USD 4.5 billion in subsidies
for the purchase of EVs, with plans to gradually phase out the
programmes by 2021.*® While China's policy has increased sales
substantially, there have been reports of widespread cheating.*
The country also has invested significant funds in creating fully
integrated domestic manufacturing companies over the years.®®

Some cities are developing zero-emission (at the tailpipe)
transport strategies. Amsterdam in the Netherlands has
committed to becoming a zero-emission city by 2025; starting
in 2018, it will replace all 200 public transit buses with electric
buses. In addition, the city aims to replace 4,000 taxis with ZEVs
under the Clean Taxis for Amsterdam covenant, and similar
agreements are in place with freight and delivery companies.®®
In China, Taiyuan became the country's first city to replace its
entire taxi fleet with EVs and the city funded a network of 1,800
charging stations.'” By late 2016, at least 14 Chinese cities,
including Beijing and Shanghai, offered subsidies to encourage
development of charging stations.”®® In addition, EVs in Beijing
are exempt from restrictions on internal combustion vehicles,
which are not permitted to drive one day per week and for which
new licence plates are restricted and allocated by lottery.'®°

i The term "zero-emission vehicle” is largely synonymous with EV under the California (US) regulations and includes plug-in electric as well as battery-electric
vehicles (and hydrogen fuel cell vehicles). Therefore, ZEVs are generally not zero-emission vehicles “at the tailpipe” or by primary energy source (grid power), but
they have the potential to be virtually zero-emission if powered by renewable energy.
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DEMAND-SIDE MANAGEMENT is the pursuit of cost-effective energy efficiency
measures on the customer side, as well as various conservation measures, for
least-cost overall energy system optimisation. It can also incorporate dynamic load

response to real-time market signals or direct load control by utilities based on
predetermined criteria.

Mobile applications - Utilities meet their demand-side energy goals
by engaging consumers.
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07 ENERGY EFFICIENCY

GLOBAL OVERVIEW

Many policy makers consider energy efficiency to be a priority
for achieving various energy goals, including improved energy
security and energy access, reduced air pollution and fuel
poverty, employment growth and industrial competitiveness.
Moreover, scenarios for achieving CO2 emissions reductions
recognise that energy efficiency will play a critical role.? Energy
efficiency also has significant synergies with renewable energy;
together they can achieve more than the sum of their parts'.
For example, energy savings help renewable energy to meet a
higher share of energy demand at a lower cost and open up new
markets. Shifting from thermal power to non-thermal renewables
also improves primary energy efficiency.

Energy efficiency policies are the main driver of investment in
energy efficiency, with innovations in technology and finance
also playing important roles. Thus, despite lower oil prices in 2015
and much of 2016, households, businesses and governments
continued to invest strongly in energy efficiency.®

Due to a lack of precise indicators of energy efficiency, energy
intensity often is used as a proxy for energy efficiency trends,
even though it also is affected by structural changes in the

economy and by changes in the energy mix. Primary energy
intensity is measured as total primary energy supply (TPES) per
unit of gross domestic product (GDP). Alternatively, final energy
intensity is measured as total final consumptioni® (TFC) per unit
of GDP. TFC intensity may better reflect trends in end-use energy
efficiency than TPES intensity because it excludes losses in
power generation or fuel conversion.* However, primary energy
data usually are available earlier and generally are more reliable.
Also, TPES intensity is more relevant to monitoring overall energy
demand and related greenhouse gas emissions.

In 2015, global primary energy intensity improved by 2.6%.° That
is the average rate that needs to be achieved between 2010 and
2030 to meet the Sustainable Development Goal 7 target of
doubling the rate of improvement in energy efficiency.® However,
between 2010 and 2015, energy intensity declined by only 10.2%
overall - an average annual rate of 2.1%.” Over the same period,
TPES grew by 1.3% per year, amounting to a total increase of
6.8%.% (- See Figure 53,

Energy intensity, whether primary or final, varies widely among
regions and countries. In 2015, primary energy intensity
improvements were less marked in developed economies than
in developing and emerging economies, most of which are still

Renewable energy and energy efficiency are twin pillars of a sustainable energy future. Synergies exist between the two across numerous sectors.

This means that the interaction of renewables and energy efficiency can result in an outcome greater than the sum of the parts. In recognition of the
important linkages between renewable energy and energy efficiency, there has been a dedicated chapter on energy efficiency in the GSR since 2015.
(» See Feature in GSR 2012 for more on renewable energy-energy efficiency synergies.)

i Total final consumption includes energy demand in all end-use sectors, which include industry, transport, buildings (including residential and services)

and agriculture, as well as non-energy uses, such as the use of fossil fuel in production of fertiliser. It excludes international marine and aviation
bunkers, except at the global level, where both are included in the transport sector. IEA, Energy Efficiency Market Report 2016 (Paris: 2016), p. 18,
https://www.iea.org/eemr16/files/medium-term-energy-efficiency-2016_WEB.PDF

Endnotes: see full version online at www.ren21.net/gsr
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Figure 53. Global Primary Energy Intensity and Total Primary Energy Supply, 2010-2015
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Source: See endnote 8 for this chapter.

growing rapidly and have more efficiency potential remaining. For
example, China's primary energy intensity improved by 5.8% in
2015 as the country's TPES increased by 0.9% (the lowest rate
since 1997), even as GDP grew by 6.9%.° India's economy also
has become steadily less energy-intensive over the past decade.
Brazil, on the other hand, has experienced rising primary energy
intensity since 2012, and energy intensity of electricity generation
in Vietnam increased by 70% between 2004 and 2014 (driven in
part by a rising share of coal-fired power generation).”

High levels of primary energy intensity are due to some
combination of: a relatively large share of energy-intensive
economic activities, the use of less energy-efficient technologies,
under-utilisation of power generation capacity, and a relatively
large share of thermal power generation, in particular coal. For
example, China's primary energy intensity decline in recent years
is due in large part to structural changes in the economy away
from heavy industry and towards services and high value-added
manufacturing (in line with China'’s overall growth policy), as well
as towards a more low-carbon energy mix.? China's 13th Five-
Year Plan aims to lower coal's 2020 share of primary energy from
62% to 58%." Structural change has been important for reducing
energy intensity in several other countries as well, including the
United States and Canada.™

Total final consumption in member countries of the Organisation
for Economic Co-operation and Development (OECD) as a
whole peaked in 2007 Isolating energy efficiency from activity
and structural effects requires detailed data that are not always
available. Nevertheless, decomposition analysis of IEA countries
for which data are available finds that, in 2015, energy efficiency
was responsible for more than 80% of the downward pressure on
energy consumption.’

Global TPES in 2014 (the most recent data available) was 13,699
million tonnes of oil equivalent (Mtoe), of which nearly 38% was

allocated to power generation.” Global TFC in 2014 was 9,425 Mtoe;
of this total, more than 32% was consumed in buildings, 29%
in industry and nearly 28% in transport, with the remainder
consumed in other sectors and for non-energy applications.
Electricity makes up a portion of final energy use in all end-
use sectors, and energy efficiency in power generation must
be gauged in terms of its primary energy use. By contrast, the
efficiency of end-use sectors is better measured in the context
of final energy use.

The next few sections examine primary energy efficiency in the
generation of electricity, followed by efficiency of final energy
use in the buildings, industry and transport sectors. The chapter
also covers recent trends and developments in energy efficiency
investment and finance, as well as policies and programmes.

ELECTRICITY GENERATION

Primary energy efficiency in the power sector can be improved
mainly by shifts in the energy mix and by improving the efficiency
of electricity generation technologies. Further efficiency gains
can be achieved through combined heat and power (CHP),
which captures waste heat for thermal applications, as well as
through reduced transmission and distribution losses.

Thermal power plants convert only about one-third of their
energy inputs to electricity (38% on average for OECD
generation), while conversion losses for non-thermal renewable
energy such as hydro, wind or solar power are low and generally
are not accounted for in energy balances.”® Therefore, achieving
greater shares of non-thermal renewable power increases
primary energy efficiency.

The efficiency of electricity generation ranges from about
30-35% in the Russian Federation and the Middle East to almost
55% in Latin America, where a significant share of electricity




is generated by hydropower. Electricity generation efficiency
improved between 2000 and 2014 in all regions except Latin
America, where it declined by 0.6% because hydropower output
declined and was replaced by fossil fuel generation.”” In Europe
and North America, efficiency improved with rising shares of
natural gas and increasing use of CHP.?

In addition to fuel switching, the efficiency of the electricity
generation sector can improve through advances in the efficiency
of generation technologies themselves. The efficiency of fossil
fuel power plants increased in all regions between 2000 and 2014.
Gas-fired plants experienced the highest rate of improvement,
with the increase in efficiency exceeding 20% in North America
and Africa?

Energy also is lost through electricity dissipation in the grid and
through non-technical losses. In 2014, global transmission and
distribution losses averaged 8.6%, with lower rates in developed
regions and far higher losses in some developing countries.?
More-efficient transformers and cables can reduce transmission
and distribution losses, as can demand management and
automation. In some circumstances, increased use of distributed
energy can reduce transmission and distribution losses by
producing electricity closer to where it is used. Non-technical
losses may be addressed through better management of the grid
and billing system.?

BUILDINGS

Buildings account for nearly one-third of global TFC, of which
almost three-quarters is consumed in residential buildings, with
the remainder used in commercial facilities (services).? The largest
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portion of TFC in the sector comes in the form of electricity (30%),
followed closely by modern and traditional uses of biomass for
heating and cooking (29%), and by natural gas (21%).2® Efficiency
of energy use in buildings is affected by building envelopes, design
and orientation, as well as by the efficiency of energy-consuming
devices, including climate control systems, lighting, appliances
and office equipment. Energy intensity per square metre in the
buildings sector has improved in many regions, but not rapidly
enough to offset the doubling of floor area since 1990.%

Markets for more-efficient building materials, technologies and
equipment are growing worldwide, both for renovation and new
construction. The largest market is in Europe, where it is driven
by building energy codes and energy prices. North America and
Oceania are major markets as well.’ Net zero energy buildings
(NZEBs) take fullest advantage of the synergies between energy
efficiency and renewable energy by facilitating the use of on-site
renewable energy in meeting building energy loads (= see, for
example, heat pumps in the Enabling Technologies chapter). The
number of NZEBs remains small but continues to rise, particularly
in Europe but also in the United States and Canada.?®

The buildings sector accounts for around half of world electricity
demand.?® In residential buildings, global average electricity
consumption was nearly flat between 2010 and 2014 (0.2%
average annual increase).*® In North America, Europe and the
Pacific, electricity consumption per household declined between
2010 and 2014, in part a result of improved energy efficiency.
These declines were outweighed by increases elsewhere.®
(-~ See Figure 54.)

Figure 54, Average Electricity Consumption per Electrified Household, Selected Regions and World, 2010 and 2014
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Electricity demand for appliances has been increasing steadily for
decades, due largely to a rapid increase in units per household,
in addition to the growing number of electrified households. In
developed countries, TFC growth for appliances has slowed
significantly over the past decade as markets for some products
have approached saturation and as energy efficiency has
increased.®> However, energy efficiency improvements have not
yet cancelled out growing demand for some categories, such as
mobile phones, televisions and networked devices.*

The market share of efficient lighting solutions also is growing
rapidly, as a result of declining light-emitting diode (LED) prices,
international initiatives, green procurement policies and policies
to phase out incandescent lamps.** Smart lighting controls have
the potential to improve the energy efficiency of lighting systems
even further.

Energy efficiency in the service (commercial) sector can be
indicated by the ratio of electricity consumption to value-added in
commercial activity, in constant purchasing power parity (PPP).
Between 2010 and 2014, the electricity intensity of the service
sector declined in every region except the Middle East and Latin
America.*® (= See Figure 55.)

As with other sectors, the energy intensity of services is the
product of several factors. These include structural changes
within the sector (e.g, between more energy-intensive sub-
sectors, such as hospitals, and less energy-intensive ones, such
as warehouses) and across the economy, the growth of building
size relative to sector GDP, and the uptake of more-efficient
technologies.®®

INDUSTRY

The ratio of industry TFC to industry value-added (PPP) is an
indicator of the intensity of the industry sector as a whole. It can be
improved by structural changes, such as displacement of heavy
industry, higher utilisation rates of equipment during a period of
strong economic activity, or growth in less energy-intensive sub-
sectors, as well as improvements in energy efficiency.’” Measures
of industrial energy intensity based on physical production would
be better but require data that often are lacking.

Between 2010 and 2014, TFC intensity of the global industrial
sector decreased by an average of 1.5% annually and improved
in all regions, with the fastest improvement observed in Asia.®®
(~ See Figure 56.)

In China, structural changes in energy-intensive sectors in
recent years have tended to balance each other out.*® However,
structural change is expected to be an important factor
influencing energy use.*’ India, driven by policy (e.g, Make in
India), is seeing growth in the manufacturing sector. A focus
on manufacturing brings economic benefits but also tends to
increase the energy intensity of the economy, making energy
efficiency improvements all the more important.#

Industrial energy efficiency can be influenced by changes in
industrial processes and also by changes in capacity utilisation.
For example, the energy intensity of the steel sector of the EU
worsened after 2007 due to the economic recession, in large part
because the energy consumption of steel-producing equipment
did not decline in proportion to lower utilisation of plant capacity.®?

Figure 55. Electricity Intensity of Service Sector, Selected Regions and World, 2010 and 2014
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Figure 56. Energy Intensity of Industry, Selected Regions and World, 2010 and 2014
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In general, varying performance by the steel sectors of different
countries is explained in large part by their process mixes. For example,
the use of electric-arc furnaces in steel production and recycling
requires two to three times less energy than the oxygen process.*

TRANSPORT

There is significant untapped energy efficiency potential in the
transport sector. The energy intensity of the sector is affected
by energy efficiency improvements within transport modes (rail,
road, aviation, shipping) and by shifts between transport modes
(e.g., from private car use to public transport, from road freight to
rail). Between 2010 and 2014, the final energy intensity', of world
transport overall declined by an annual average of 2.5%, driven
mostly by advances in road transport* Most regions saw an
improvement over the four-year period, except for Africa (1.3%
annual growth) and Latin America (virtually unchanged).*

Road transport accounts for 75% of transport energy use.*®
Improvements in the global average fuel economy (fuel used per
unit of distance) of light-duty vehicles averaged 1.5% per year
for the decade 2005-2015, slowing gradually to 11% in 2015.4
Improvements in OECD and EU countries have slowed after
relatively rapid improvement of 2.8% annually between 2008 and
2010, falling to 0.5% in 2015.¢ Conversely, annual improvements
in non-OECD countries accelerated from 0.3% annually between
2008 and 2010, to 1.6% in 2015.%

Progress has been much slower in the freight sector than
for passenger vehicles, due to a relative lack of fuel economy
standards. Heavy-duty vehicles make up only 11% of the world's
vehicle fleet, yet they consume around half of all transport fuels.*°

Electric vehicles, including plug-in hybrid vehicles, can drive
improvements in fuel economy on a final energy basis.® As the
share of non-thermal renewable energy in electricity increases,
the contribution of such vehicles to primary energy efficiency
will increase as well. However, because the share of EVs is still
extremely small, advances in internal combustion efficiency are
still a critical component of energy efficiency improvements in
road transport.®? (-~ See Electric Vehicles section in the Enabling
Technologies chapter,)

Aviation accounts for about 13% of fossil fuel use in transport
worldwide.®® Aviation fuel efficiency can be increased through
operational measures such as reducing the weight of on-board
equipment and through improved aircraft design and materials.
Shipping consumes about 4% of total transport energy use.>
Technology and supply chain innovation can deliver savings in
that sector.®®

The efficiency of transport also is improving through the spread
of more sustainable modes such as electric trams and bus
rapid transit (BRT). By early 2016 at least 200 cities had BRT
systems, transporting more than 33 million passengers per day.*®
The BRT system in Bogota (Colombia) replaced ageing public
buses with more efficient models, delivering 47% savings in fuel
consumption.®’

i This is defined as energy use in transport per unit of GDP. A more direct indicator of transport efficiency might be defined in terms of energy use per
passenger-kilometre and energy per cargo-tonne-kilometre, but aggregated global data across all transport segments are not available.
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FINANCE AND INVESTMENT

In 2015, global incremental’ investments in energy efficiency in
buildings, industry and transport increased by 6%, to USD 221
billion.®® The buildings sector led with an estimated 53% of the total,
followed by transport (29%) and industry (18%).%° Investments in
energy-efficient assets and technologies yield estimated two- to
four-fold returns in lifetime cost savings.f® Most energy efficiency
investments are made using the cash and savings of individuals
and businesses, or directly from public money.®” The remainder is
financed primarily by traditional commercial banks through loans
and leases. Increasingly, however, financing is coming from other
sources, including dedicated national energy funds, green banks,
development finance institutions (DFls) and green bonds.

As of 2016, at least 40 countries had dedicated energy efficiency
funds, led by Germany's development bank Kf\W.®? During the year,
new facilities were established in Poland, where a multistakeholder
partnership set up a residential buildings energy efficiency
financing facility of USD 214 million (EUR 200 million), produced a
benchmarking report on operating costs in commercial buildings
and created a platform for public-private dialogue and action; and in
Latvia, which established an energy efficiency fund as part of its law
to implement the Energy Efficiency Directive.®® In addition, Ukraine
worked to develop an Energy Efficiency Fund for district heating and
related energy efficiency activities. An amount of USD 31 million was
allocated to the fund, and additional monies totalling up to USD 110
million were expected to come from international partners; the fund
was scheduled to start operations in 201754

Green banks at the national level (e.g, United Kingdom) and sub-
national level (e.g., the US states of Connecticut and New York)
continued to scale up their lending in 2016, and more than a dozen
banks were operational around the world by year's end.®® These
banks have a strong focus on energy efficiency, and they provide
funds - as well as advice and clarity on default risk - for programmes
in areas such as energy efficiency retrofits and street lighting.®®

DFls also play an important role in energy efficiency investment
by providing loans, guarantees, credit lines and other products.
In 2015, multilateral development banks invested an estimated
USD 2.9 billion in energy efficiency (a slight drop relative to 2014).”
DFls undertook a number of significant initiatives in 2016 as well.

In 2016, the Green Climate Fund allocated USD 378 million to
support sustainable energy financing (including energy efficiency
and renewable energy) by the European Bank for Reconstruction
and Development (EBRD) in Armenia, Egypt, Georgia, Jordan,
Moldova, Mongolia, Morocco, Serbia, Tajikistan and Tunisia.®® In
November, the EBRD announced a USD 35 million expansion
of the Kyrgyz Sustainable Energy Financing Facility, alongside
grants from the EU, to improve energy and resource efficiency.®®
An EBRD-arranged USD 122 million (EUR 116 million) package
will allow the CEZ utility in Bulgaria to upgrade distribution
infrastructure, which will reduce grid losses.”

In addition, the EBRD and the European Investment Bank
(EIB) announced loans of USD 49 million (EUR 46.5 million)
to Tunisia for the state utility to improve the efficiency of the
country's transmission infrastructure.”” The EIB approved two
lending programmes under the European Fund for Strategic
Investments for nearly zero energy buildings (nZEBs) in Finland,
for a total of USD 337 million (EUR 320 million).”? Also in 2016,
the EIB confirmed its contribution of an additional USD 26 million
(EUR 25 million) to the Green for Growth Fund, to support energy
efficiency and renewable energy projects across North Africa as
well as in Jordan, Lebanon and the State of Palestine.”

The Asian Development Bank announced plans to loan India
USD 200 million to install energy-efficient water pumps for
farms and millions of LEDs via a public-private joint venture.”
The African Development Bank approved a USD 948 million
(EUR 900 million) loan for Algeria to improve the efficiency of its
energy sector and to promote renewable energy. The AfDB also
approved USD 19 million for energy sector reform in Madagascar,
including improvements to efficiency of the country's electricity
production.” Also in 2016, the International Finance Corporation
(IFC) offered technical assistance to Belgrade (Serbia) to boost
the energy efficiency of public buildings, district heating and
street lighting.”

In recent years, green bonds have emerged as a substantial
source of capital for energy efficiency projects. As of November
2016, 19.6% of projects financed by green bonds were for energy
efficiency improvements.”” DFIs have dominated the financing
of such improvements through the issuance of green bonds.
During the first half of 2016 alone, the IFC issued USD 1 billion of
green bonds to fund projects in 22 countries, with green banking
and green buildings being the two largest sectors.”® However,
utilities and other businesses, local authorities, commercial
banks, universities and governments are playing an increasingly
important role. Luxembourg and Nigeria both announced
forthcoming issuances, and the governments of France and
Poland issued green bonds in December 2016 and January 2017,
respectively.” Also in 2016, the US state of California was the lead
investor in a USD 200 million, two-year green bond issued by the
International Bank for Reconstruction and Development.&°

The G20 Energy Efficiency & Finance Task Group began to
mobilise policy makers and financial institutions in 2016, notably
by developing a set of voluntary energy efficiency investment
principles to enhance capital flows.®" In addition, the EU launched
an initiative to improve transparency and reduce risk for energy
efficiency investors: the De-risking Energy Efficiency Platform
(DEEP) is an online database that contains more than 7,800
industrial and buildings-related projects.?

i Incremental investment in energy efficiency is the additional cost of energy-efficient goods compared with goods of average efficiency. IEA, Energy
Efficiency Market Report 2016 (Paris: 2016), p. 91, https://www.iea.org/eemr16/files/medium-term-energy-efficiency-2016_WEB.PDF
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POLICIES AND PROGRAMMES

Throughout 2016, governments at the regional, national, state and
local levels continued to expand and strengthen their policies to
improve energy efficiency in the buildings, industry and transport
sectors. Drivers for such policies include increasing energy
security, advancing economic growth and competitiveness,
reducing fuel poverty and mitigating climate change.® In
developing countries, increased efficiency can make it easier
to provide energy services to those who lack access.®* Energy
efficiency policies - including targets and plans; standards,
labels and codes; monitoring and auditing programmes;
mandates; and fiscal incentives - aim to address a number of
barriers to accelerating energy efficiency actions. These include
a lack of knowledge and capacity, energy subsidies and
regulatory barriers, and misplaced incentives' across different
stakeholders.®®

Targets help guide policy development and benchmark policy
implementation. They vary in their time horizons, geographical
areas, definitions, sectors and levels of ambition. Targets are
articulated in terms of energy savings or reductions in energy
consumption, improvements in energy intensity, or sales or
dissemination of more energy-efficient products. Many targets
do not provide sufficient detail regarding how or by when they are
to be achieved, and many countries (developing and emerging
economies, in particular) do not report regularly on progress
towards national goals.

During 2015 and 2016, there was a surge in the adoption of
energy efficiency targets, especially in developing and emerging
economies.®® Of the 140 countries that had ratified the Paris

REN21
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climate change agreement and submitted Nationally Determined
Contributions as of late March 2017, 107 mentioned energy
efficiency, including both the United States and China.®” Among
all NDCs submitted by developing and emerging economies, 79
included energy efficiency targets.®® Brazil, for example, pledged
a target of 10% efficiency gains in the electricity sector by 2030
in its NDC.®* Members of the Association of Southeast Asian
Nations (ASEAN) set a target to reduce energy intensity by 20%
in 2020 compared to 2005.%°

By end-2016, at least 137 countries had enacted some kind of
energy efficiency policy, and at least 149 countries had enacted
one or more energy efficiency targets. Of these countries,
48 enacted a new or revised policy in 2016, and 56 countries
adopted a new target in 2015 or 2016.°' (= See Figures 57 and 58.)

China has strengthened its policy framework for achieving
energy savings in successive Five-Year Plans. The 13th Five-
Year Plan (2016-2020) targets, by 2020, a 15% energy intensity
improvement (relative to 2015 levels) and 560 Mtoe of energy
savings annually.®?> Economic restructuring is planned to make
up 65% of the targeted energy savings; energy efficiency
improvements are to deliver the rest.®

Norway presented a new energy policy that targets an energy
intensity improvement of 30% between 2015 and 2030.° In late
2016, Belarus called for energy efficiency improvements at all
stages of energy supply as part of its effort to increase national
energy security, and in early 2016 the country approved a state
energy policy for 2016-2020 that includes energy-saving targets
and programmes.®

Energy efficiency targets were adopted at the regional level as
well. In late 2016, the European Commission published a new

i Misplaced incentives occur if those who make decisions about investing in energy efficiency improvements are different from those who benefit from the

resulting energy savings.

Figure 57. Countries with Energy Efficiency Targets, 2016

EE target previously existing,
no new target in 2015/2016

No EE target previously existing,
new target in 2015/2016

EE target previously existing,
new target in 2015/2016
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Figure 58. Countries with Energy Efficiency Policies, 2016

EE policy previously existing,
no new policy in 2016

No EE policy previously existing,
new policy in 2016*

EE policy previously existing,
new policy in 2016

* Djibouti is the only country known
to be in this category.
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Source: REN21 Policy Database

package of energy policy proposals that includes a binding 30%
energy savings target by 2030.%¢ The EU's previous (non-binding)
target called for 27% energy savings by 2030 relative to 1990,
which the region is on track to meet.®” European policy makers
also have adopted an "Efficiency First” principle, which prioritises
cost-effective end-use efficiency improvements over supply-side
expenditures.®®

A large number of energy efficiency targets are articulated in
National Energy Efficiency Action Plans (NEEAPs) in the EU
but also in other Eastern European and African countries.®® For
example, Nigeria published its NEEAP in July 2016, and efforts
were under way during the year to co-ordinate NEEAPs (and
National Renewable Energy Action Plans) across Africa.’®®

Targets that address more than one end-use sector are the most
common, yet many new sector-specific targets are being adopted.
For example, India aims to replace 770 million incandescent
lamps with LED bulbs by 2019; as of March 2016, the programme
was running in 12 states, and over 170 million LEDs had been
sold." Uganda and other countries have similar LED distribution
programmes and targets.'? In mid-2016, as part of Japan’s effort
to achieve its NDC commitments, the country announced its aim
to make more than half of new built-to-order homes zero energy
by 2020, and the government is providing subsidies to advance
that goal.'®®

Many other countries have targets for both renewable energy
and energy efficiency, often defined through roadmaps and
national action plans® As of 2016, at least 103 countries
addressed energy efficiency and renewable energy within the
same government agency, and an estimated 81 countries had
policies or programmes that combine them.'®®

To achieve their targets, governments are introducing new
regulations or updating existing ones to drive efficiency

improvements in all economic sectors. For example, in late
2016, the US state of lllinois introduced new electricity demand
reduction mandates for utilities as part of the state’s Renewable
Portfolio Standard®® In 2016, the European Commission
proposed an update to the EU Energy Efficiency Directive
that included measures to ensure that new proposed energy
efficiency targets (30% improvement by 2030) are met.”” Several
governments in Europe and elsewhere - including China, India
and the Australian state of Victoria - have experimented with the
use of tradable certificates to meet energy efficiency mandates
or targets°® Design challenges with such schemes include
verification and risk of leakage.!®®

In 2016, several countries advanced building codes, which
generally establish minimum energy efficiency standards to
guide construction or retrofit. For example, Norway and the US
state of Alabama introduced building codes with tighter energy
efficiency requirements.™ By year's end, Indonesia was in the
process of developing a Green Building Code, and several West
African countries were implementing building energy codes in
accordance with a directive of the Economic Community of West
African States (ECOWAS)." At the local level, the city of Santa
Monica (United States) approved a mandate requiring that all
new single-family homes qualify as zero net energy.™ As of early
2017, at least 139 building energy codes were in place worldwide,
including many at the sub-national level.™®

Standards and labelling programmes also are used to move
markets towards more-efficient appliances and equipment. As
of 2015, 30% of final energy demand globally was covered by
mandatory efficiency policies, up from 11% in 2000; the average
performance requirements of such policies have increased by
23% over the last decade.™ More than 50 types of commercial,
industrial and residential appliances and equipment were covered
by such programmes in more than 80 countries by 2015."




In the transport sector, fuel economy standards are helping
to advance the energy efficiency of passenger vehicles. By
one estimate, car fuel economy standards worldwide saved
2.3 million barrels of oil per day in 2014, or 2.5% of global oil
demand, assuming that efficiency would have remained stagnant
in the absence of new standards."® At least eight countries (Brazil,
Canada, China, India, Japan, Mexico, the Republic of Korea and
the United States) plus the EU have established fuel economy
standards for passenger and light-commercial vehicles as well
as light trucks."”

While most efficiency standards in the transport sector focus on
light-duty vehicles, China, Japan and the United States also have
set fuel economy standards for heavy-duty vehicles™ In 2016,
the United States announced a new regulation for medium- and
heavy-duty trucks, and China was updating its fuel consumption
regulations for heavy-duty vehicles™ As of 2015, Canada and
Japan had implemented efficiency regulations for heavy-duty
vehicles.™°

Monitoring and auditing energy use helps governments and
businesses establish a basis for energy management systems in
buildings and industry. Energy audits analyse energy flows within
a building, process or system to identify ways to reduce energy
use without negatively affecting output. Audits are mandatory for
EU Member States as part of their implementation of the Energy
Efficiency Directive.”” In addition, many developing and emerging
economies, such as Mali and Morocco, require energy audits for
large industrial energy users.”? Singapore requires more than
165 energy-intensive industrial companies to implement energy
management programmes.'?®

The need for careful design and monitoring of standards and
labelling programmes can pose challenges in implementation,
particularly where adequate funding and policy support are
lacking. For instance, Uganda has Minimum Energy Performance

Standards (MEPS) for five product groups (refrigerators, air
conditioners, motors, lighting and freezers) but has had difficulty
implementing and enforcing them because the country lacks
funding, personnel and testing equipment.2
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Fiscal incentives - including rebates, tax reductions and
low-interest loans - also have been employed to stimulate
energy efficiency improvements. In 2016, for example, Ireland
implemented a three-year Warmth & Wellbeing pilot scheme
with a budget of approximately USD 21 million (EUR 20 million) to
provide home energy efficiency improvements for people living in
energy poverty and suffering from chronic respiratory diseases.”?®

Further, reductions in subsidies for fossil fuels, while politically
difficult, make energy efficiency improvements (and renewable
energy deployment) more attractive and reduce the burden on
national budgets. Conversely, greater energy efficiency can make
subsidy reform more feasible.®® By the end of 2016, more than
50 countries had committed to phasing out fossil fuel subsidies
under G20 and Asia-Pacific Economic Cooperation (APEC)
processes.'”’

In addition to government policies and programmes, several
collaborative activities to advance energy efficiency were
undertaken by the international community during 2016.
The SEforALL Global Energy Efficiency Accelerator Platform
developed implementation projects in 110 countries.™?® In addition,
the Global Fuel Efficiency Initiative continued its work with
developing countries to develop appropriate national approaches
and targets for improved car-fleet fuel economy.’?®

The Building Efficiency Accelerator held events in several cities
in 2016, including Belgrade (Serbia), Bogota (Colombia), Da
Nang (Vietnam), Eskisehir (Turkey) and Rajkot (India). Each city
will be supported in 2017 to develop and implement at least one
policy and one project on energy efficiency in buildings, to track
progress and to share lessons learned.°

The District Energy in Cities Initiative, co-ordinated by the
UN Environment Programme and launched in 2015, aims to
double the rate of energy efficiency improvements for heating
and cooling by 2030 In 2016, the initiative worked in several
countries, including Bosnia and Herzegovina, Chile, China, India
and Serbia.®* New funding announced by ltaly in 2016 will be
used to expand the initiative to Africa.”®®

Non-governmental organisations, the private sector, and regional
and local entities have become an intrinsic part of the policy-
making process, and cities are among the front runners.** City
authorities play a growing role in accelerating energy efficiency, in
some countries moving faster than national administrations. For
example, local energy efficiency activity is growing in the United
States, with seven cities passing energy benchmarking and
transparency laws in 2016, Cities also continue to co-operate
internationally through initiatives such as Habitat IllI's New Urban
Agenda and organisations such as ICLEI-Local Governments for
Sustainability, the Compact of Mayors and C40."%¢

Cities account for 65% of world energy consumption and for
more than half of world population.®” In general, urbanisation has
been a driver of improved energy efficiency because connectivity
and density lead to benefits of scale and specialisation.’®® Where
appropriate, district heating and cooling systems allow greater
energy efficiency and penetration of renewables than is possible
for a single building. However, challenges remain as urbanisation
continues, particularly in Africa where many cities may be
vulnerable to sprawl and where infrastructure development may
be lagging.”®
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! Coupling of the electricity, thermal (heating
and cooling) and transport sectors can improve
flexibility in the power system by adding dynamic
demand and storage for electricity. Forexample, charging
of electric vehicles can be timed to coincide with peak variable
generation,.and heating systems canrincorporate thermal storage
for added flexibility.

Solar PV charging station for electric cars - Malibu, US
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08 FEATURE:
DECONSTRUCTING BASELOAD

Markets for solar PV and wind power are expanding rapidly in
many regions of the world due to declining costs and to a
variety of benefits and opportunities that these technologies can
provide. Some countries already meet significant shares of their
electricity demand with these variable renewable resources.

While power systems have always had to accommodate variability
in both supply and demand, the growing adoption of variable
renewable energy (VRE) is changing how power systems are
planned, designed and operated. This is because the variability of
output from solar and wind power means that more flexibility is
required from the rest of the power system, including generating
resources, distribution networks and even electricity consumers.

In areas where demand is growing (notably in developing
economies), there is an opportunity for new and less-established
power systems to grow in concert with higher shares of renewable
generation as more flexible systems are developed. It is already
possible to avoid lock-in of traditional "baseload” generation by
using VRE to provide low-cost energy access and while avoiding
costly investments in traditional, and less flexible, generation and
grid infrastructure.

In all contexts, a shift away from the traditional "baseload
thinking” in power system planning and operations will facilitate
optimal integration of growing shares of VRE while providing
on-demand, reliable and affordable electricity.

Endnotes: see full version online at www.ren21.net/gsr 159
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POWER SYSTEMS: TRADITIONAL DESIGN

Both traditional, centralised power systems and distributed,
often renewable, energy systems strive to balance the supply
and demand of electricity at all times. Their primary objective is
to provide access to reliable electricity services at a reasonable
price. Traditionally, centralised power systems use electric power
facilities classified into three general, and sometimes overlapping,
categories’:

Baseload generation - Generators such as coal, nuclear

and large hydropower facilities are optimised for operation
at full output with minimal interruption to meet the minimum
level of load " over a given period of time (days, weeks or months).
The cost characteristics of traditional baseload generators can
vary somewhat, but they typically have relatively high capital
costs and relatively low variable costs. This means that these
systems achieve their lowest average cost of energy if they are
run continuously at full output. Baseload is usually considered
an inflexible class of generation, meaning that output cannot be
adjusted quickly up or down, with the exceptions of hydropower
and geothermal power. The term baseload is an economic
paradigm that has been in existence for many decades, but its
usefulness is beginning to change in some regions, as explored
below.

2 Intermediate or mid-merit generation - This includes
2. natural gas combined-cycle generation and sometimes
hydropower capacity that is able to adjust power output up
or down in response to fluctuating demand.! The generators
supplement power that is provided by baseload generation.
This class of generators is typically designed for frequent flexible
operations and may be more expensive to operate than baseload
because variable costs (e.g., fuel) may be higher, but also because
all costs are spread out over fewer hours of the year.

3 Peaking generation - These are generators such as
2 gas- or oil-fired turbines, or diesel generators, that are
called on infrequently to meet peak load during periods of very
high demand or extreme weather events. They also may be used
when other generators or transmission lines are unavailable due
to unforeseen outages. These generators are often relatively
inefficient and the most expensive form of generation per unit of
output, but they are used for short-term and incidental operation
because their high variable costs are offset by low capital costs
compared to plants optimised for full-time operation.

Demand has always been variable and to some degree unpre-
dictable due to weather and uptake of emerging technologies.
To a lesser degree, supply also has been variable given that
generators or transmission lines can go offline unexpectedly,
even in the most advanced power systems. In the face of this
demand and supply variability, system operators have used flex-
ible generation (and flexible demand to a lesser extent) to keep
supply and demand in balance. In other words, large, generally
inflexible baseload plants such as coal and nuclear have always
been complemented by flexible generation in order to meet time-
variable demand.

In countries with less mature power systems and/or rapidly
growing economies, the demand for electricity may be more
difficult to predict in advance because usage patterns are less
established and consumers may tend to use more electricity as
they add new electrical devices to their homes and businesses.
Supply-side variability also may be more pronounced in
such countries. Load shedding, or an interruption of energy
supply to certain areas in response to balancing challenges, is
more common in developing countries. In response, back-up
generators are used frequently, and in some cases daily.? Where
reliable electricity infrastructure is lacking, introducing flexibility
to enable higher shares of VRE can help alleviate pressure on
strained power systems, and offer better service to customers as
demand grows.
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Generators also must supply “ancillary services” such as voltage support and various forms of reserve capacity to fine-tune the matching of supply and

demand and to ensure reliability. For more on ancillary services, see, for example, Martin Beck and Marc Sherer, "Overview of Ancillary Services”, Swiss
Grid, 4 December 2010, http://tinyurl.com/gu5zx4u, and Eric Ela, Michael Milligan and Brandon Kirby, Operating Reserves and Variable Generation
(Golden, CO: National Renewable Energy Laboratory (NREL), 2011), http://www.nrel.gov/docs/fy110sti/51978.pdf.

Load in this context refers to the total amount of electricity demand from all industrial, commercial and residential sources at any given moment.
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WHAT IS CHANGING?

Around the world, markets for variable solar and wind power
are expanding rapidly for a variety of reasons. These generation
sources represent myriad benefits that set them apart from
their traditional counterparts. For example, they draw on local
resources, can be installed quickly in centralised or decentralised
configurations, do not necessarily rely on existing infrastructure
(and, unlike traditional systems, are not hampered by a lack
of existing infrastructure), do not emit greenhouse gases or
other pollutants during generation and generally require little
water to operate. Due to their decentralised nature, they also
may improve system security in the face of extreme events. In
many regions of the world, VRE is now the lowest-cost source of
newly constructed power generation available, thanks to rapidly
declining capital costs and zero fuel costs.®

Subsequent to the growth of VRE in many locations, traditional
baseload generators are beginning to lose their economic
advantage and may no longer be the first to dispatch energy'.
This means that once wind or solar power plants are put in
service, all else being equal, it is most cost-effective to use all
of the energy that they produce, within the bounds of system
constraints, and as long as the additional system costs' are not
excessive.

With VRE providing increasing amounts of first-in-line
generation, several key aspects of power system operation and
planning will change:

m As the lowest marginal-cost form of energy on the system,
VRE generation in most circumstances will be used when it is
available, even if the next cheapest (in terms of marginal cost)
generator must reduce its output.

m In established power systems, the market share for traditional
baseload generators as providers of bulk energy will decline
as operators opt instead for least-cost VRE generation. This,
in turn, will make near-constant operation less viable if all
VRE is to be effectively utilised, further reducing the cost-
competitiveness of baseload generation relative to VRE. Under
certain circumstances, traditional baseload generators may
begin to operate in a fashion similar to intermediate providers
by ramping their output more frequently, to the extent that
plant-specific economics and technical constraints allow,
raising their average cost per unit of output.*
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m The remaining energy demand beyond that met by VRE (i.e,
residual load) will be more variable, due to the impacts of
variable wind and solar generation. Generators that must serve
this more variable residual load will be required to operate
more flexibly than under the old paradigm.® (= See Figure 59.)

In less-developed power systems, integrating flexibility into
power system planning will enable higher shares of VRE
up-front and reduce the need for traditional, near-constant,
baseload operation.

SYSTEM-WIDE FLEXIBILITY

Many technologies and approaches exist to increase flexibility
on both the demand and supply sides of power generation.®
Options such as improved VRE forecasting, use of shorter
system dispatch intervalsi, co-ordination and trade of
electricity supply across larger balancing areas" and electricity
storage can increase system flexibility.” (- See Storage section
in Enabling Technologies chapter) In many countries, grid
operators also have used increasingly sophisticated forms of
demand response, or incentives that influence customers to
shift their use of power to minimise the cost of keeping supply
and demand in balance".®

Variable renewable energy systems themselves also can provide
flexibility. Operators and regulators are increasingly requiring
the use of VRE technology features that provide services to
the grid.® In Germany, for example, many solar PV systems are
required to use smart inverters that ensure ongoing operation in
the event of a grid disturbance.® Characteristics of VRE power
purchase agreements also are evolving in many settings to
promote more flexible power systems and to limit curtailment of
excess energy generated by VRE"

Conventional generation and certain hydropower resources can
be equipped with advanced technologies to provide additional
flexibility in electricity supply. In Canada, for example, a coal
generating station that originally was designed to provide
baseload generation was successfully retrofitted to decrease
minimum generation levels and to cycle on and off up to four
times per day.”? Hydropower plants can incorporate variable
speed technology, which increases flexibility by allowing power
regulation in different modes of operation.® One such plant
began operation in India in 2016."

i Asaresult, traditional generators may face concerns of revenue sufficiency, or lost revenue, in systems that see growing shares of near-zero marginal cost
VRE. See Bethany Frew et al., Revenue Sufficiency and Reliability in a Zero Marginal Cost Future (Golden, CO: NREL, 2016), http://www.nrel.gov/docs/
fy170sti/66935.pdf.

i Additional system costs may include balancing costs (adjustments of dispatchable power plants that respond to short-term variability of VRE), grid costs
(that can include additional transmission) and costs related to any back-up capacity that may be required. Falko Ueckerdt et al., "System LCOE: What are
the costs of variable renewables?” Energy, vol. 63 (15 December 2013), pp. 61-75, http://www.sciencedirect.com/science/article/pii/S0360544213009390.
Such costs of integration are highly location-specific - they depend on available power system resources as well as on the characteristics and penetration
levels of the specific VRE being used. D. Lew et al., The Western Wind and Solar Integration Study Phase 2 (Golden, CO: NREL, 2013), http://www.nrel.gov/
docs/fy130sti/55588.pdf.

iii Dispatch intervals refer to the time between each new market auction. Shorter dispatch intervals allow dispatch to adjust to renewable variations more
quickly and accurately, reducing balancing needs. See Eric Martinot, "Grid integration of renewable energy: flexibility, innovation and experience”,
Annual Review of Environment and Resources, vol. 41 (2016), pp. 223-51, http://www.annualreviews.org/doi/abs/10.1146/annurev-environ-110615-085725.

iv A balancing area in this context refers to a system of power generation and transmission within the jurisdiction of a single authority.

v The simplest form of demand response is to shed load or to dictate when customers can consume. More advanced methods apply price incentives to
encourage a shift of consumption to periods of relatively low demand.
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Figure 59. Conceptual Progression from the Baseload Paradigm to a New Paradigm of 100% Renewable Electricity
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In the early stages of progression to larger shares of variable renewable generation, power systems make
some adjustments in their grid operations, develop forecasting systems for renewable energy production,
and introduce improved control technology and operating procedures for efficient scheduling and dispatch.
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In the late stages of progression towards fully renewable power systems, variable renewable power will be
integrated through advanced resource forecasting, grid reinforcements and strengthened interconnections,
improved information and control technologies for grid operations, widespread deployment of storage
technologies, greater efficiency and scope of demand response, and coupling of electricity, heating and

cooling, and transport sectors.
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Table 4. Overview of Approximate Impacts and Responses to Rising Shares of Variable Renewable Energy

Renewable Energy
Policy Network
for the 21st Century

~
~

E Share of generation by variable resources
over 50%
Impacts No noticeable | Small increase in Growing supply Elevated supply Structural surplus
impacts. supply variability variability and variability and of VRE generation
and uncertainty is uncertainty has uncertainty has and seasonal
noticeable at the significant impacts major impacts energy imbalances.
system operations at the system at the system
level. operations level. operations level.
Limited impact Noticeable impact Noticeable impact
on operations of on operations of on operations of
individual power some power plants. virtually all power
plants. plants.
Response No additional Some adjust- Significant changes to Major changes to Additional steps to
Requirements measures. ments in system system operations. system operations. manage supply and
operations and e N - demand imbalances.
grid infrastructure. Greater flexibility of Significant additional
supply and demand. flexibility of supply
. ) and demand.
Some grid reinforce-
ment for voltage Significant grid
and frequency stability. reinforcement for
voltage and
frequency stability.
Resource
forecasting
[72) Grid operations
w
2 Storage
(@)
o Demand
ﬂ management
& Grid
reinforcement
Sector coupling
Examples of Gathering Establishing a Managing variability Improving signifi- Sector coupling
Technological and information renewable energy through advanced cantly the efficiency | - electrification
. I about grid production fore- resource forecasting, and scope of of heating, cooling
Operationa conditions cast system. improved transmission demand response and transport as
Responses and planning, ) infrastructure and with better informa- | a daily, weekly and
including Introducing a significantly more tion and control even seasonal buffer
technical improved control dynamic operation of technology. for VRE generation.
standards, for technology and a growing number of . o . -
future growth operating proce- dispatchable system Deplqymg significant ponvertlng electricity
in VRE. dures for efficient resources. additional advanced | into chemical forms
scheduling and storage on the grid that can be stored
dispatch of system Co-ordination across and behind the meter | (e.g., hydrogen).
resources. control areas with for energy balancing
the aid of improved and for voltage and
information and frequency support.
control technology,
and strengthened
transmission
interconnections.
Countries with Indonesia, Australia, Austria, Germany, Greece, Denmark, Ireland
; Mexico, Belgium, Brazil, Italy, Portugal, Spain,
This Range Of. South Africa Chile, China, India, the United Kingdom,
VRE Penetration the Netherlands, Uruguay
New Zealand,
Sweden

Note: This table represents generalisations. Various impacts and priorities for technological and operational responses will vary by system and will not be

confined to a single path.

Source: See endnote 20 for this chapter.
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The appropriate selection or mix of these flexibility options will
depend on local circumstances. Ireland, for example, has limited
opportunities for electricity trade, yet it relies on wind power
for approximately one-quarter of its total electricity generation.”
Similarly, ERCOT, the power system operator in the US state
of Texas, has very limited capability to import or export power
to other interconnections, but generates far more wind energy
than any other US state.® Both Ireland and Texas rely on other
sources of flexibility, including flexible generation, state-of-the-
art wind forecasting and transmission expansion. Uruguay,
which supplies 22% of its annual electricity with wind, relies
on reservoir hydropower and interconnection with grids of
neighbouring countries to provide flexibility.”” As the penetration
of VRE increases, different power systems can employ a
combination of flexibility options that are most appropriate and
cost-effective under their different institutional, technological
and economic contexts.

Based on different mixes of these flexibility mechanisms, VRE
has already been integrated in 10 countries above double-digit
shares of annual electricity generation without compromising
the reliability of electricity supply.® The ease of grid integration
will vary from country to country.® Typically, as the range of VRE
penetration increases, so does the impact on power systems,
requiring different prioritisation of response options to ensure
adequate levels of flexibility.?° (- See Table 4,)

Where electricity systems are developing, the most attractive
option (in terms of both cost and practicality) may be to deploy
infrastructure and operations with the flexibility necessary to
handle high shares of VRE.

A NEW PLANNING PARADIGM

In all contexts, power system planning plays a major role in setting
the trajectory of electricity sector development. Where resources
are strong, incorporating high shares of VRE alters planning
in un-served and underserved areas because this removes
constraints to build new generation capacity in geographic
proximity to the existing power system; instead, new capacity can
be placed where it makes sense to best serve new and existing
customers. In such cases, distributed and VRE systems offer
cost-competitive and often more immediate options for providing
energy services.?!

Traditional planning typically has been capacity-based,
determining how many baseload, intermediate or peaking units
are needed to meet projected energy demand in the future. As the
penetration of higher shares of VRE increases, a different type of
planning paradigm is required - one that takes into consideration
the various costs and benefits derived from solar and wind power
generation as well as the operational demands of VRE on system
flexibility.?? In such a new, VRE planning paradigm, power system
planners are able to identify the least-cost energy mix while
maintaining the reliability of future energy supply.

Integrated Resource and Resiliency Planning (IRRP), sometimes
known as Integrated Resource Planning, is a robust framework
for identifying the optimal mix of where, how much and what
types of power system resources will enable lowest-cost power
sector development in the long term while also achieving goals

related to reliability, climate, energy access and economic
development.2® IRRPs are common among utilities in developed
countries, and utilities in developing countries such as South Africa
and Ghana are currently developing new IRRPs.2* IRRP modelling
can integrate emerging best practices for demand response
and for managing increasing shares of VRE, including high-
quality representation of VRE resource potential, technical and
financial implications of distributed VRE, transmission planning,
and emerging technologies and operational practices for greater
flexibility.?

THE ONGOING TRANSITION AWAY FROM
BASELOAD

Countries in which high shares (20-40%) of VRE have been
integrated (e.g., Denmark, Germany, Portugal, Uruguay and Cabo
Verde) have demonstrated the shift away from the traditional
baseload paradigm.® In Denmark and Germany, interconnection
with other European grids has helped to support peaks of 140%
and 86.3%, respectively, of electricity generation from renewable
energy.?” Cabo Verde, which supplies 25% of electricity with wind
energy, plans to build an additional 20 MW of pumped storage
capacity to help manage expanding renewable energy capacity on
the island.?®

Countries in which power demand is currently unmet or growing
rapidly may face different conditions for integrating VRE into
their power systems than developed countries, where demand
for power is typically flat or declining. However, there may be
administrative or institutional barriers that inhibit the development
of more flexible systems. For example, power systems in
developing countries may have baseload generators with
mandated generation minimums and limited capital to expand
transmission networks, and they may face decisions about
extending the grid into new areas versus building mini-grids.?

Electric power facilities are long-term investments that involve
complex supply chains and employ many people and therefore
are subject to system inertia and related institutional, political and
cultural barriers.®® Vested interests in the conventional baseload
power system and lack of understanding of and education in new
approaches and technological advancements are preventing
many countries from moving towards higher shares of VRE, even
when variable renewables might help reduce the overall cost
of energy provision and improve the quality of energy services.
Immature or poorly functioning institutions also can cause
difficulties in both developed and developing countries, albeit to
different extents.®

A range of planning, operational and institutional changes to
the power system can be pursued to promote overall least-
cost operation and investment strategies while preserving
reliability.®> These strategies can also improve reliability and
cost effectiveness in systems that are less developed, regardless
of renewable energy penetration. As VRE resources and other
enabling technologies - including storage, demand response and
efficiency improvements - continue to achieve more favourable
cost and performance characteristics, the incentive to deploy
them will continue to increase, moving both new and existing
power systems further from the baseload paradigm.
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Table R1. Global Renewable Energy Capacity and Biofuel Production, 2016

ADDED DURING 2016 EXISTING AT END-2016

POWER GENERATION (GW)

Bio-power 59 12

Geothermal power 0.4 13.56
i~ Hydropower 25 1,096
i~ Ocean power ~0 0.5

Solar PV 75 303

Concentrating solar thermal power (CSP) 0.1 4.8
E Wind power 55 487
HEATING/HOT WATER (GW4,)

Modern bio-heat 5 3N

Geothermal direct use 1.3 23

Solar collectors for water heating' 37 456
TRANSPORT FUELS (billion litres per year)

Ethanol production 0.04 98.6

Biodiesel production 217 30.8

Hydrotreated vegetable oil (HVO) 0.9 4.9

T Additions are net and do not include air collectors.

Note: Numbers are rounded to nearest GW/GW:/billion litres, with the exceptions of numbers <15, which are rounded to first decimal point, and transport
fuels; where totals do not add up, the difference is due to rounding. Rounding is to account for uncertainties and inconsistencies in available data. Data
reflect adjustments to year-end 2015 capacity data (particularly for bio-power and hydropower). For more precise data, see Reference Tables R2-R9,
Market and Industry Trends chapter and related endnotes.

Source: See endnote 1 for this section.
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Table R2. Renewable Electric Power Global Capacity, Top Regions/Countries', 2016

United

Global BRICS? EU-28 China States Germany Japan India Italy

m Bio-power 12 85 37 12 16.8 7.6 41 8.3 41
Geothermal power 13.5 0.1 0.9 ~0 3.6 ~0 0.5 0 0.8

~ Hydropower 1,096 499 127 305 80 5.6 23 47 18.5
I~ Ocean power 05 ~0 0.3 ~0 ~0 0 0 0 ~0
Solar PV 303 88 106 77 41 41 43 9.1 19.3
%%?fnea?tg%tvicgr S(‘g‘gg,) 48 0.4 2.3 ~0 17 ~0 0 0.2 ~0
E Wind power 487 210 154 169 82 50 3.2 29 9.3

Total renewable
power capacity 2,017 832 428 564 225 104 73 94 52
(including hydropower)

Total renewable
power capacity 921 333 300 258 145 98 51 46 33
(not including hydropower)

Per capita capacity
(kilowatts per inhabitant, 0.1 0.1 0.6 0.2 0.5 12 0.4 0.04 0.6
not including hydropower)

T Table shows the top six countries by total renewable power capacity, not including hydropower; if hydropower were included, countries and rankings would
differ somewhat (the top six would be China, United States, Brazil, Germany, Canada and India).

2The five BRICS countries are Brazil, the Russian Federation, India, China and South Africa.

Note: Global total reflects additional countries not shown. Numbers are based on best data available at time of production. To account for uncertainties
and inconsistencies in available data, numbers are rounded to the nearest 1 GW, with the exception of the following: capacity totals below 20 GW and
per capita totals are rounded to the nearest decimal point (except for India, which is rounded to the nearest 0.01 kW). Where totals do not add up, the
difference is due to rounding. Capacity amounts of <50 MW (including pilot projects) are designated by "~0.” For more precise capacity data, see Global
Overview chapter and Market and Industry Trends chapter and related endnotes. Numbers should not be compared with prior versions of this table to
obtain year-by-year increases, as some adjustments are due to improved or adjusted data rather than to actual capacity changes. Hydropower totals, and
therefore the total world renewable capacity (and totals for some countries), reflect an effort to omit pure pumped storage capacity. For more information
on hydropower and pumped storage, see Methodological Notes.

Source: See endnote 2 for this section.

Endnotes: see full version online at www.ren21.net/gsr
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Table R3. Biofuels Global Production, Top 16 Countries and EU-28, 2016

COUNTRY ETHANOL

United States
Brazil?
Germany
Argentina
China
Indonesia
Thailand
France
United Kingdom
Canada
Spain
Singapore
Poland
Belgium
Colombia

India
EU-28

World Total

' Hydrotreated vegetable oil

58.0

27.0
0.9
0.9
3.2
01
1.2
0.8
0.5
17
0.3

0.2
0.6
0.4
0.9

3.4

98.6

BIODIESEL
(FAME)

5.5
3.8
3.0
3.0
0.3
3.0
14
1.5
0.2
0.4
11
0
0.9
0.5
05
0

8.0

30.8

HVO!'

Billion litres
1.6

1.6

5.9

TOTAL

65.1
30.8
3.9
3.9
3.5
3.1
2.6
2.3
2.3
21
1.4
1.2
1.1
1.1
0.9
0.9

13.0

135.3

REN21

CHANGE RELATIVE

TO 2015

2.6
-1.4
-0.3
1.0
no change
1.3
0.2
-0.2
0.1
0.1
-0.2
no change
no change
-0.1
-0.1
0.2

0.2

2.1

2 Recently published information indicates that the Brazilian ethanol production is 1.7 billion litres higher than earlier information indicated.

Note: All figures are rounded to the nearest 0.1 billion litres; comparison column notes "no change” if difference is less than 0.05 billion litres; blank cells
indicate that no data are available. Ethanol numbers are for fuel ethanol only. Table ranking is by total volumes of biofuel produced in 2016, and not by
energy content. Where numbers do not add up, it is due to rounding. Ethanol data were converted from cubic metres to litres using 1,000 litres/cubic
metre; biodiesel data were converted from units of 1,000 tonnes using a density value for biodiesel to give 1,136 litres per tonne based on US National
Renewable Energy Laboratory, Biodiesel Handling and Use Guide, Fourth Edition (Golden, CO: 2009), http://www.biodiesel.org/docs/using-hotline/
nrel-handling-and-use.pdf?sfvrsn=4. HVO data were converted from tonnes to litres using a conversion factor of 780 kg/m?, from Neste Oil, Hydrotreated

Vegetable Oil (HVO) - Premium Renewable Biofuel for Diesel Engines (Espoo, Finland: February 2015), https://www.neste.com/sites/default/files/

image_gallery/renewable_products/neste_renewable_diesel_handbook_german.pdf. Data can vary considerably across sources. For further details, see

Biomass Energy section in Market and Industry Trends chapter and related endnotes.

Source: See endnote 3 for this section.
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Table R4. Geothermal Power Global Capacity and Additions, Top 6 Countries, 2016

ADDED 2016 TOTAL END-2016
MW GW

TOP COUNTRIES BY ADDITIONS

Indonesia 205 1.6
Turkey 197 0.8
Kenya 29 0.6
Mexico 15 0.9
Japan 1 0.5
Italy - 0.9

TOP COUNTRIES BY TOTAL CAPACITY

United States - 3.6
Philippines - 1.9
Indonesia 205 1.6
New Zealand - 1.0
Mexico 15 0.9
Italy - 0.8
World Total 447 13.5

Note: Capacity additions are rounded to the nearest 1 MW, and totals are rounded to the nearest 0.1 GW. Rounding is to account for uncertainties and
inconsistencies in available data. For more information and statistics, see Geothermal Power and Heat section in Market and Industry Trends chapter and
related endnotes.

Source: See endnote 4 for this section.

168 Endnotes: see full version online at www.ren21.net/gsr
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Table R5. Hydropower Global Capacity and Additions, Top 6 Countries, 2016

ADDED 2016 TOTAL END-2016
GW
TOP COUNTRIES BY ADDITIONS

China 8.9 305
Brazil 53 97
Ecuador 2.0 4
Ethiopia 1.5 4
Vietnam 11 16
Peru 1.0 5

TOP COUNTRIES BY TOTAL CAPACITY

China 8.9 305
Brazil 5.3 97
United States 0.4 80
Canada - 79
Russian Federation 0.2 48
India 0.6 47
World Total 25 1,096

Note: Capacity additions are rounded to the nearest 0.1 GW, and totals are rounded to the nearest 1 GW. Rounding is to account for uncertainties and
inconsistencies in available data. For more information and statistics, see Hydropower section in Market and Industry Trends chapter and related
endnotes.

Source: See endnote 5 for this section.

Endnotes: see full version online at www.ren21.net/gsr 169


http://www.ren21.net/gsr

Table R6. Solar PV Global Capacity and Additions, Top 10 Countries, 2016

TOTAL END-2015 ADDED 2016 TOTAL END-2016
GW
TOP COUNTRIES BY ADDITIONS

China 43.5 34.5 774
United States 26.2 14.8 40.9
Japan 342 8.6 42.8
India 5.1 4. 9.1

United Kingdom 9.7 2 1.7
Germany 39.8 1.5 41.3
Republic of Korea 35 0.9 4.4
Australia 4.9 0.9 5.8
Philippines 0.1 0.8 0.9
Chile 0.9 0.7 1.6

TOP COUNTRIES BY TOTAL CAPACITY

China 43.5 34.5 774
Japan 34.2 8.6 42.8
Germany 39.8 1.5 41.3
United States 26.2 14.8 40.9
ltaly 18.9 0.4 19.3
United Kingdom 97 2 1.7
India 5.1 4. 9.1

France 6.6 0.6 7.

Australia 4.9 0.9 5.8
Spain 54 0.1 55
World Total 228 75 303

Note: Country data are rounded to the nearest 0.1 GW; world totals are rounded to the nearest 1 GW. Rounding is to account for uncertainties and
inconsistencies in available data; where totals do not add up, the difference is due to rounding. Data are provided in direct current (DC); data for Canada,
Chile, Japan and Spain were converted from official data reported in alternating current (AC) into DC by the sources listed for this table. Data reflect a
variety of sources, some of which differ significantly, reflecting variations in accounting or methodology. For more information, see Solar PV section in
Market and Industry Trends chapter and related endnotes.

Source: See endnote 6 for this section.
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Table R7. Concentrating Solar Thermal Power (CSP) Global Capacity and Additions, 2016

COUNTRY

Spain

United States
India

South Africa
Morocco
United Arab Emirates
Algeria

Egypt
Australia
China
Thailand

World Total

Note: Table includes all countries with operating commercial CSP capacity at end-2016. Several countries with commercial capacity also have pilot or
demonstration facilities that are not included in the table. Additional countries that had small pilot or demonstration plants in operation by year's end
include Canada (1.1 MW), France (1.6 MW), Germany (1.5 MW), Israel (6 MW), Italy (7 MW), Oman (7 MW) and Turkey (5 MW). National data are rounded
to the nearest MW, and world totals are rounded to the nearest 5 MW. Rounding is to account for uncertainties and inconsistencies in available data;
where totals do not add up, the difference is due to rounding. For more information, see CSP section in Market and Industry Trends chapter and related

endnotes.

Source: See endnote 7 for this section.

TOTAL END-2015

2,300
1,738
225
100
180
100
25
20

4,705

ADDED 2016
MW
0
0
0
100

o O O O o

110

REN21

TOTAL END-2016

2,300
1,738
225
200
180
100
25
20
12
10
9

4,815

'~

Endnotes: see full version online at www.ren21.net/gsr
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Table R8. Solar Water Heating Collectors and Total Capacity End-2015 and Newly Installed Capacity 2016, Top 20 Countries

TOTAL END-2015 GROSS ADDITIONS 2016
GWy, MW,
mw

China' 309.5 309.5 27,664 27,664
Turkey 13.6 0 13.6 1,467 0 1,467
Brazil 5.7 3.0 8.7 530 384 913
India® 6.3 0 6.3 894 0 894
United States 2.0 15.3 17.3 121 562 682
Germany 12.8 0.4 13.2 521 0 521
Australia 2.4 3.6 6.0 15 266 381
Denmark 0.8 0 0.8 335 0 335
Mexico 1.3 0.7 2.0 180 76 256
Israel 3.2 0 32 252 1 253
Greece 3.1 0 31 190 0 190
Spain 2.5 0.1 2.6 146 2 149
[taly 3.0 0 3.0 142 0 142
South Africa® 0.5 0.7 1.2 37 55 92
Poland 1.4 0 1.4 81 0 81
Austria 34 0.3 3.7 78 1 78
Taipei, China 1.2 0 1.2 70 0 70
Switzerland 1.0 0.1 11 55 5 59
Japan 24 0 24 50 0 50
France 15 0.1 1.6 46 0 46
Total 20 Top Countries 376.7 24.2 400.9 32,974 1,351 34,324
World Total 407.7 27 434.7 35,200 1,460 36,660

' In 2014, China settled on a new methodology for calculating cumulative capacity, which assumes a 10-year lifetime for Chinese-made systems. China and
world data reflect this change.

2 For India, end-of-year capacity data are by fiscal year; new additions in 2016 are by calendar year.
3 For South Africa, additions in 2016 are assumed to be equivalent to additions in 2015, due to a lack of available data.

Note: Countries are ordered according to newly installed glazed collector capacity in 2016. Data are for glazed and unglazed water collectors excluding air
collectors, which added 1,641,518 m? to the year-end world total for 2015, and excluding concentrating collectors with 64,596 m? additional aperture area.
Data are rounded: end-2015 data for individual countries, Total 20 Top Countries and World Total are rounded to nearest 0.1 GWu; additions for individual
countries, Total 20 Top Countries and World Total are rounded to nearest 1 MW, Where totals do not add up, the difference is due to rounding. By
accepted convention, 1 million square metres = 0.7 GWw. The year 2015 is the most recent one for which firm global data on total capacity in operation are
available.

It is estimated, however, that 456 GWi, of solar thermal capacity (water collectors only) was in operation worldwide by end-2016. For more information, see
Solar Thermal Heating and Cooling section in Market and Industry Trends chapter and related endnotes.

Source: See endnote 8 for this section.
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Table R9. Wind Power Global Capacity and Additions, Top 10 Countries, 2016

TOTAL END-2015 ADDED 2016 TOTAL END-2016
GW

TOP COUNTRIES BY ADDITIONS

China' 129/145.4 19.3/23.4 149/168.7
United States 74 8.2 821
Germany? 44,5 5 49.5
India 251 3.6 28.7
Brazil® 8.7 2 10.7
France 10.5 1.6 121
Turkey 47 1.4 6.1
Netherlands 3.4 0.9 4.3
United Kingdom 13.8 0.7 14.5
Canada 1.2 0.7 1.9

TOP COUNTRIES BY TOTAL CAPACITY

China' 129/145.4 19.3/23.4 149/168.7
United States 74 8.2 821
Germany? 44.5 5 49.5
India 251 3.6 287
Spain 23 ~0 231
United Kingdom 13.8 0.7 14.5
France 10.5 1.6 121
Canada 1.2 0.7 1.9
Brazil® 8.7 2 10.7
Italy 9 0.3 9.3
World Total 433 55 487

For China, data to the left of the “/" are the amounts officially classified as connected to the grid and operational (receiving FIT premium) by year's end; data to
the right are total installed capacity, most, if not all, of which was connected to substations by year's end. The world totals include the higher figures
for China.
(See Wind Power text and related endnotes for more details.)

2 For Germany, some onshore capacity was decommissioned/repowered in 2016; number in table is net additions. (See Wind Power text and related
endnotes for more details.)

For Brazil, all capacity was commissioned by year's end, but not all was grid-connected.

Note: Country data are rounded to nearest 0.1 GW; world data are rounded to nearest 1 GW. Rounding is to account for uncertainties and inconsistencies in
available data; where totals do not add up, the difference is due to rounding or repowering/removal of existing projects. “~0" denotes capacity additions
of less than 50 MW. Data reflect a variety of sources, some of which differ quite significantly, reflecting variations in accounting or methodology. For more
information, see Wind Power section in Market and Industry Trends chapter and related endnotes.

Source: See endnote 9 for this section.
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Table R10. Electricity Access by Region and Country, 2014 and Targets

PEOPLE WITHOUT
ACCESS TO TARGETS
ELECTRICITY IN 2014

ELECTRIFICATION
RATE IN 2014

WORLD/REGION/COUNTRY

Share of population Share of population

with access Millions with access
Africa 45% 634
Northern Africa 99% 1.3
Sub-Saharan Africa 35% 632
Developing Asia 86% 512
Latin America 95% 22
Middle East 92% 18
Africa
Algeria 100% 0
Angola 33% 16 - 100% by 2030
Benin 29% 7 - 95% by 2025 (urban)

- 65% by 2025 (rural)
Botswana' 53% 1 - 100% by 2030
Burkina Faso 18% 14 - 95% by 2030
Burundi 5% 10
Cabo Verde 96% 0.2 - 100% by 2020
Cameroon 62% 9
Central African Republic 3% 5 - 50% by 2030
Chad 4% 13
Comoros 69% 02
Congo 42% 3
Céte d'lvoire 62% 8 - 100% by 2020
Democratic Republic of the Congo 18% 62 = 60% by 2025
Djibouti 42% 05
Egypt 99% 1
Equatorial Guinea 66% 03
Eritrea 32% 3
Ethiopia 25% 73 - 100% by 2030
Gabon 89% 02
Gambia 45% 1 - 100% by 2030
Ghana 76% 8 - 100% by 2030
Guinea 26% 9 = 50% by 2020
Guinea-Bissau 21% 1 - 80% by 2030
Kenya 20% 36 - 100% by 2022
Lesotho 17% 2 - 40% by 2020
Liberia 10% 4 - 100% by 2030
Libya 99.8% 0
Madagascar 13% 21
Malawi 12% 15
Mali 26% 13 - 87% by 2030
- 61% by 2033 (rural)

Mauritania 29% 3
Mauritius 100% 0
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Table R10. Electricity Access by Region and Country, 2014 and Targets (continued)

PEOPLE WITHOUT
ACCESS TO TARGETS
ELECTRICITY IN 2014

ELECTRIFICATION
RATE IN 2014

WORLD /REGION /COUNTRY

Share of population Share of population

Millions

with access with access

Africa (continued)

Morocco 99% 0.4

Mozambique 40% 16

Namibia 32% 2

Niger 15% 16 - 65% by 2030

Nigeria 45% 98 - 75% by 2020
2 90% by 2030

Rwanda 27% 8 = 100% by 2030

S&o Tomé and Principe 59% 0.1

Senegal 61% 6 - 70% by 2017
= 100% by 2025

Seychelles 98% 0

Sierra Leone 14% 5 - 92% by 2030

Somalia 15% 9

South Africa 86% 8 - 100% by 2019

South Sudan 1% 12

Sudan 40% 24

Swaziland? 66% 0.4 = 75% by 2018
> 85% by 2020
- 100% by 2025

Tanzania 30% 36 - 75% by 2030

Togo 27% 5 - 82% by 2030

Tunisia 100% 0

Uganda 19% 31 - 98% by 2030

Zambia 28% l

Zimbabwe 52% 7 - 66% by 2030
- 90% by 2030 (urban)
- 51% by 2030 (rural)

Developing Asia

Bangladesh 62% 60 = 100% by 2021

Brunei 100% 0

Cambodia 34% 10

China 100% 0

India 81% 244 - 100% by 2019

Indonesia 84% Ky

Korea, DPR 26% 18 - 90% by 2017

Lao PDR 87% 1

Malaysia 100% 0

Mongolia 90% 0.3

Myanmar 32% 36

Nepal 76% 7

Pakistan 73% 51

Philippines 89% i
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Table R10. Electricity Access by Region and Country, 2014 and Targets (continued)

WORLD/REGION/COUNTRY

Developing Asia (continued)

Singapore
Sri Lanka
Thailand

Vietnam
Latin America

Argentina

Barbados

Bolivia

Brazil

Chile

Colombia

Costa Rica

Cuba

Dominican Republic

Ecuador

El Salvador
Guatemala
Haiti
Honduras
Jamaica
Mexico
Nicaragua
Panama
Paraguay
Peru
Suriname
Trinidad and Tobago
Uruguay

Venezuela

ELECTRIFICATION
RATE IN 2014

Share of population
with access

100%
99%
99%
98%

96%
100%
89%
99.6%
100%
98%
99.5%
98%
97%
97%

94%
90%
29%
89%
93%
99%
76%
91%
99%
90%
90%
97%
99%
99.7%

PEOPLE WITHOUT
ACCESS TO
ELECTRICITY IN 2014

Millions

0.3

1.6

12
0.8

12

0.2
0.3
0.5

0.4
17
7%
0.9
0.2
37
14
0.3
0.1

0.1

0.1

TARGETS

Share of population
with access

- 100% by 2025 (rural)

- 97.45% by 2017

- 98.9% by 2022 (urban)
- 96.3% by 2022 (rural)
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Table R10. Electricity Access by Region and Country, 2014 and Targets (continued)

PEOPLE WITHOUT
WORLD / REGION / COUNTRY ELE%E'I';'ICZ’(‘;LON ACCESS TO TARGETS
ELECTRICITY IN 2014

Share of population Share of population

with access Millions with access
Middle East
Bahrain 100% 0
Iran 99% 11
Irag 98% 0.6
Jordan 100% 0
Kuwait 100%
Lebanon 100% 0
Oman 98% 0.1
Palestine, State of® 99%
Qatar 100% 0
Saudi Arabia 99% 0.2
Syria 93% 1.6
United Arab Emirates 100% 0
Yemen 46% 14.2
Oceania
Micronesia, Federated States of* 55% 0.0 - 90% by 2020 (rural)
All Developing Countries 79% 1,185

Conar SR

' Botswana had an electricity access target for 2016.
2 Swaziland data are for 2015.
3 The State of Palestine rate is defined by the number of villages connected to the national electricity grid.

4 For the Federated States of Micronesia, rural electrification rate is defined by electrification of all islands outside of the four that host the state capital
(which is considered urban).

5 Includes countries in the OECD and economies in transition.

Disclaimer: The tracking of data related to energy access and distributed renewable energy systems is a challenging process. Discrepancies or
inconsistencies with past reporting may be due to improvements in data collection.

Source: See endnote 10 for this section.
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WORLD/REGION/COUNTRY

Africa
Sub-Saharan Africa
Northern Africa
Developing Asia
Latin America
Middle East

Africa

Angola

Benin
Botswana
Burkina Faso

Burundi

Cabo Verde
Cameroon
Central African Republic
Chad

Comoros

Congo

Céte d'lvoire
Democratic Republic of the Congo
Djibouti
Equatorial Guinea
Eritrea

Ethiopia

Gabon

Gambia

Ghana

Guinea
Guinea-Bissau
Kenya

Lesotho

Liberia
Madagascar
Malawi

Mali

Mauritania
Mauritius
Morocco
Mozambique
Namibia

Niger

Nigeria

Rwanda

S&o Tomé and Principe
Senegal

RELIANCE ON
TRADITIONAL BIOMASS
IN 2014

Share of population

69%
81%
0.4%
50%
14%
4%

52%
94%
36%
95%

98%
30%
78%
97%
95%
74%
74%
81%
95%
16%
43%
63%
95%
19%
95%
82%
98%
98%
85%
62%
98%
98%
97%
98%
56%
0%
2%
96%
54%
97%

76%
98%
70%
61%

Table R11. Population Relying on Traditional Use of Biomass for Cooking, 2014

POPULATION

Millions

793
792
0.7
1,875
65
8

13
10

0.7
26

18

134

0.1

TARGETS

Share of population with
access to clean cooking

100% by 2030

100% by 2030 (urban)

65% by 2030 (rural)

100% by 2020

100% by 2025
100% by 2030
100% by 2030
50% by 2025
75% by 2030
100% by 2022

100% by 2030

100% by 2030

100% by 2030 (urban)
60% by 2030 (rural)

100% by 2030
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Table R11. Population Relying on Traditional Use of Biomass for Cooking, 2014 (continued)

RELIANCE ON
WORLD/REGION/COUNTRY TRADITIONAL BIOMASS POPULATION TARGETS
IN 2014
Share of population Millions Share of population With
access to clean cooking
Africa (continued)
Sierra Leone 98% 6
Somalia 95% 10
South Africa 10% 5
South Sudan 98% 12
Sudan 69% 27
Swaziland 61% 1 100% by 2030
Tanzania 96% 50 75% by 2030
Togo 95% 7 80% by 2030
Uganda 98% 37 99% by 2030
Zambia 82% 13
Zimbabwe 71% 1
Developing Asia
Bangladesh 89% 142
Cambodia 89% 13
China 33% 453
India 63% 819
Indonesia 38% 97
Korea, DPR 47% 12
Lao PDR 65%
Mongolia 62%
Myanmar 92% 49
Nepal 80% 23
Pakistan 56% 105
Philippines 54% 54
Sri Lanka 73% 15
Thailand 21% 14
Vietnam 45% 40
Latin America
Argentina 0.2% 01
Bolivia 22% 2.3
Brazil 5% 96
Chile 3% 05
Colombia 13% 6.4
Costa Rica 5% 0.2
Cuba 6% 07
Dominican Republic 8% 08
Ecuador 2% 04
El Salvador 18% 1
Guatemala 64% 10.2
Haiti 92% 9.7
Honduras 50% 4
Jamaica 1% 03
Mexico 16% 19.6
Nicaragua 52% 31
Panama 14% 0.6
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Table R11. Population Relying on Traditional Use of Biomass for Cooking, 2014 (continued)

RELIANCE ON
WORLD/REGION/COUNTRY TRADITIONAL BIOMASS POPULATION TARGETS
IN 2014
Sh f lati ith
Share of population Millions are o7 popliation V\,/I

access to clean cooking

Latin America (continued)

Paraguay 41% 2.7

Peru 33% 10.2

Venezuela 7% 25

Middle East

Iraq 1% 0.2

Yemen 31% 81

All Developing Countries 49% 2,722

"Includes countries in the OECD and economies in transition.

Disclaimer: The tracking of data related to energy access and distributed renewable energy systems is a challenging process. Discrepancies or
inconsistencies with past reporting may be due to improvements in data collection.

Source: See endnote 11 for this section.
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Table R12. Programmes Furthering Energy Access: Selected Examples

EXXYE cricr DESCRIPTION

ACP-EU Energy
Facility

Africa-EU
Renewable Energy
Cooperation
Programme (RECP)

African Renewable
Energy Fund (AREF)

Asian Development
Bank - Energy for All
Initiative

Central America
Clean Cooking
Initiative (CACCI)

CleanStart

Energising
Development
(EnDev)

EU-Africa
Infrastructure Trust
Fund (ITF)

Global Alliance for
Clean Cookstoves
(GACC)

Global Energy
Efficiency and
Renewable Energy
Fund (GEEREF)
Global Lighting
and Energy Access
Partnership (Global
LEAP)

A co-financing instrument that works to increase access to sustainable
and affordable energy services in impoverished rural and peri-urban
areas of African, Caribbean and Pacific (ACP) countries by involving
local authorities and communities.

A programme that contributes to the African EU Energy Partnership’s
political targets of increasing renewable energy use and bringing
modern access to at least an additional 100 million people by 2020. It
provides policy advice, private sector co-operation, project preparation
support activities and capacity development.

A private equity fund that invests in small to medium-sized renewable
energy projects in sub-Saharan Africa, excluding South Africa. It aims
to assist governments in meeting their renewable energy and carbon
emission targets, while creating jobs.

An initiative that strengthens ADB's investments in energy access. From
2008 to 2016, ADB's aggregate investment in energy access was around
USD 7.2 billion, which is expected to benefit 110 million people.

An initiative that aims to help scale up clean cooking solutions in
countries such as Guatemala, Honduras, Nicaragua and possibly

El Salvador. Activities to be financed by the grant include development
of a roadmap to achieve universal clean cooking access by 2030. The
roadmap will build on the regional Sustainable Energy Strategy 2020.

Developed by the UN Capital Development Fund and UNDP to help poor
households and micro-entrepreneurs access micro-financing for low-cost
clean energy. By 2020, it aims to invest USD 26 million in six countries in
Asia and Africa, affecting the lives of more than 2.5 million people.

A multilateral initiative supported by the governments of Australia,
Germany, the Netherlands, Norway, Switzerland and the United
Kingdom. It operates in 24 countries in Asia, Africa and Latin America
with the aim of facilitating the sustainable access to modern energy
services for at least 15 million people by the end of 2018. So far, EnDev
has facilitated energy access for 14.8 million people.

A fund that combines grants and loans from the EU and its member states
and banks to support local infrastructure projects, notably in electricity
generation. Since 2007, more than 100 grants have been awarded to

support projects for an amount of over USD 690 million (EUR 655 million).

A public-private partnership created with the goal of enabling the
adoption of 100 million clean and efficient cook stoves and fuels by
2020. GACC uses a market-based approach to bring together diverse
groups of actors across government, development, NGOs, academia
and the private sector to save lives, improve livelihoods, empower
women and protect the environment through initiatives designed

to catalyse and champion the sector, mobilise resources, promote
standards and testing, and co-ordinate sector knowledge and research.

A sustainable development tool sponsored by the EU, Germany and
Norway, advised by the European Investment Bank Group. It aims to
mobilise public and private capital to support small and medium-sized
renewable energy and energy efficiency projects.

An initiative of the Clean Energy Ministerial that includes more than

10 governments and development partners. It provides support for
quality assurance frameworks and programmes that encourage market
transformation towards super-efficient technologies for off-grid use,
including the Global LEAP Awards for Outstanding Off-Grid Products.

REN21

WEB ADDRESS

https://ec.europa.eu/europeaid/
regions/african-caribbean-
and-pacific-acp-region/
acp-multi-country-cooperation/
energy_en

http://www.africa-eu-partnership.
org/en/newsroom/all-news/
energy-africa-launch-renewable-
energy-cooperation-programme

http://www.afdb.org/en/
news-and-events/article/
african-renewable-energy-
fund-aref-launches-with-100m-
committed-capital-12901/
http://www.adb.org/
sectors/energy/programs/
energy-for-all-initiative
https://www.esmap.org/
node/4006

http://www.uncdf.org/en/
cleanstart

http://endev.info/content/
Main_Page

http://www.eu-africa-
infrastructure-tf.net/about/index.
htm

http://www.cleancookstoves.
org/the-alliance/

http://geeref.com/posts/
display/1

http://globalleap.org/
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Table R12. Programmes Furthering Energy Access: Selected Examples (continued)

XY cricr DESCRIPTION WEB ADDRESS

Green Climate Fund = A fund established in 2010 by 194 countries that are party to the UN http://news.gcfund.org/
(GCF) Framework Convention on Climate Change that aims to invest in low-

emission and climate-resilient development in developing countries. The

fund is to mobilise USD 100 billion per year by 2020.

IDEAS - Energy A contest, launched in 2009, that supports the implementation of innovative | http://wwwi.iadb.org/en/topics/
Innovation Contest projects in the areas of renewable energy, energy efficiency and energy | energy/ideas/ideas,3808 html
access in Latin America and the Caribbean by promoting innovative energy
solutions that can be replicated and scaled up in the region.

IRENA - Abu A partnership between IRENA and the ADFD to provide and facilitate http://adfd.irena.org/
Dhabi Fund for finance for renewable energy projects in developing countries. The

Development ADFD provides concessional loans of USD 5 million to USD 15 million to

(ADFD) Facility renewable energy projects in developing countries over seven funding

rounds of approximately USD 50 million each. The Facility is currently
running its fifth round, and since 2012 has allocated USD 189 million to
19 renewable energy projects.

Lighting a Billion A global initiative launched in 2008, steered by The Energy and Resources | http://lablteriin.org/
Lives Institute (TERI), to facilitate access to clean lighting and cooking solutions

for energy-starved communities. The programme operates on an

entrepreneurial model of energy service delivery to provide innovative,

affordable and reliable off-grid solar energy solutions. As of March 2016,

it had facilitated access to clean lighting and cooking solutions for more

than 4.5 million people in India, sub-Saharan Africa and South Asia.

Lighting Africa An IFC and World Bank programme to accelerate the development of http://www.lightingafrica.org/
sustainable markets for affordable, modern off-grid lighting solutions
for low-income households and micro-enterprises across Africa. As of
end-2016, Lighting Africa had provided access to clean, safe lighting for
more than 20 million people.

Lighting Asia An IFC market transformation programme aimed at increasing access http://www.lightingasia.org/
to clean, affordable energy in Asia by promoting modern off-grid lighting
products, systems and mini-grid connections. The programme works with
the private sector to remove market entry barriers, provide market intelligence,
foster business-to-business linkages and raise consumer awareness on
modemn lighting options. In India alone, Phase | of the programme (2012-2016)
enabled energy access for more than 8 million people.

OPEC Fund for A development aid institution with a 40-year standing and a presence in over = http://www.ofid.org/
International 130 countries. It works in co-operation with developing country partners
Development (OFID) = and the international donor community to stimulate economic growth

and alleviate poverty. Since 2008, the year that OFID launched its Energy

for the Poor Initiative (EPI), energy poverty alleviation has been the primary

strategic focus. In June 2012, the OFID Ministerial Council committed a

minimum of USD 1 billion to bolster activities under the EPI, and in 2013 it

turned this commitment from a one-time obligation to a revolving pledge.

Power Africa’s An initiative launched in 2014 focused on unlocking investment and https://www.usaid.gov/
Beyond the Grid growth for off-grid and small-scale energy solutions on the African powerafrica/beyondthegrid
Initiative continent. Beyond the Grid has partnered with over 40 investors and

practitioners that have committed to invest over USD 1 billion into
off-grid and small-scale energy. In 2016 alone, through the initiative, the
US African Development Foundation (USADF), USAID and General
Electric funded more than 30 entrepreneurs working on home and
micro-grid energy projects in Africa. In March 2016, Sweden and Power
Africa launched the USD 21 million (EUR 20 million) Beyond the Grid
Fund for Zambia, which between 2016 and 2018 will support rural energy
providers with market-based approaches to expanding energy access.
The goal is to provide energy access to 1 million people.
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Table R12. Programmes Furthering Energy Access: Selected Examples (continued)

EXXYE cricr DESCRIPTION

Readiness for
Investment in
Sustainable Energy
(RISE)

Renewable

Energy and

Energy Efficiency
Partnership (REEEP)

Scaling Up
Renewable Energy
in Low Income
Countries (SREP)

SNV Netherlands
Development
Organisation -
Biogas Practice

Sustainable Energy
for All Initiative
(SEforALL)

Sustainable Energy
Fund for Africa
(SEFA)

A World Bank Group project providing indicators that compare the
investment climate of countries across the three focus areas of the
SEforALL initiative: energy access, energy efficiency and renewable
energy.

An international multilateral partnership that works to accelerate market-
based deployment of renewable energy and energy efficient systems in
developing countries. REEEP manages several initiatives and programmes
which further energy access, including the Power Africa: Beyond the Grid
Fund for Zambia, the Kilimo Biashara Sustainable Energy Fund, and the
Cambodian Clean Energy Revolving Fund, among others,

A Strategic Climate Fund (SCF) programme that was established to
expand renewable energy markets and scale up renewable energy
deployment in the world's poorest countries. To date, USD 264 million
has been approved for 23 projects and programmes. An additional
USD 1.9 billion in co-financing is expected from other sources.

A multi-actor sector development approach that supports the
preparation and implementation of national biogas programmes
throughout the world. In co-operation with its partners, by end-2015
SNV had installed over 700,000 bio-digesters in Asia, Africa and Latin
America, impacting 3.5 million people.

A global initiative of former UN Secretary-General Ban Ki-moon with
three objectives for 2030: achieving universal access to electricity

and clean cooking solutions; doubling the share of the world's energy
supplied by renewable sources; and doubling the rate of improvement in
energy efficiency.

A fund administered by the African Development Bank and anchored
by a Danish government commitment of USD 57 million to support
small and medium-scale clean energy and energy efficiency projects
in Africa through grants for technical assistance and capacity building,
investment capital and guidance.

REN21

WEB ADDRESS

http://riseworldbank.org/

http://www.reeep.org/

http://www.
climateinvestmentfunds.org/
fund/scaling-renewable-energy-
program

http://www.snv.org/sector/
energy/topic/biogas

http://www.se4all.org

http://www.afdb.org/en/
topics-and-sectors/initiatives-
partnerships/sustainable-
energy-fund-for-africa/
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http://www.afdb.org/en/topics-and-sectors/initiatives-partnerships/sustainable-energy-fund-for-africa/
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Table R13. Networks Furthering Energy Access: Selected Examples

XY cricr DESCRIPTION

African Bioenergy
Development
Platform

African Center for
Renewable Energy
and Sustainable
Technologies
(ACREST)

African Renewable
Energy Alliance
(AREA)

AKON Lighting
Africa

Alliance for Rural
Electrification (ARE)

Alliance of CSOs for
Clean Energy Access
(ACCESS)

Climate Technology
Centre and Network
(CTCN)

Climate Technology
Initiative Private
Financing Advisory
Network (CTI PFAN)

Consultative Group
to Assist the Poor
(CGAP)

ENERGIA
International

Energy Access
Practitioner Network

A platform launched by UNCTAD to help interested African countries
develop their bioenergy potentials for advancing human and economic
development through interactive, multi-stakeholder analytical exercises.

A centre established in 2005 for information, demonstration, awareness,
production and research on renewable energy and sustainable
technologies in Africa. Its mission is to promote renewable energy
technologies and sustainable technologies to improve people’s living
conditions and to fight poverty.

A global multi-stakeholder platform to exchange information and to
consult about policies, technologies and financial mechanisms for the
accelerated uptake of renewable energy in Africa.

An initiative launched in February 2014 that seeks to provide a concrete
response at the grassroots level to Africa’s energy crisis and to lay the
foundations for future development. It aims to develop an innovative
solar-powered solution that will provide African villages with access to a
clean and affordable source of electricity.

An international business association that represents the decentralised
energy sector and works towards the integration of renewables into rural
electrification markets in developing and emerging countries. It has more
than 90 members along the whole value chain of off-grid technologies.

A coalition consisting of a range of civil society organisations (CSOs), both
international and national. ACCESS aims to strengthen the visibility and
presence of CSOs working to deliver universal energy access, particularly
within SEforALL, Sustainable Development Goal 7 implementation and
other global energy initiatives. ACCESS is co-ordinated by WWF, CAFOD,
Practical Action, Greenpeace, IIED, ENERGIA, WRI, TERI and HIVOS.

The operational arm of the UNFCCC Technology Mechanism, hosted by
UN Environment and UNIDO. CTCN promotes the accelerated transfer
of environmentally sound technologies for low-carbon and climate-
resilient development at the request of developing countries. It provides
technology solutions, capacity building and advice on policy, legal and
regulatory frameworks tailored to the needs of individual countries.

A multilateral, public-private partnership initiated by the Climate
Technology Initiative (CTI) in co-operation with the UNFCCC Expert
Group on Technology Transfer. PFAN operates to bridge the gap
between investments and clean energy businesses. It is designed to

be an "open source” network to fit seamlessly with existing global and
regional initiatives and to be inclusive of all stakeholders with an interest
in clean energy financing.

A global partnership of 34 leading organisations, housed at the World
Bank, that seeks to advance financial inclusion. It develops innovative
solutions through practical research and active engagement with
financial service providers, policy makers and funders to enable
approaches at scale.

An international network of more than 22 organisations working in Africa
and Asia that are focused on gender issues, women's empowerment and
sustainable energy.

A global network of over 2,500 members representing small, medium-
sized and large clean energy enterprises; civil society; government and
academia and operating in over 170 countries. The Practitioner Network
was established in 2011 to catalyse the delivery of modern energy
services, particularly decentralised solutions for rural electrification.

WEB ADDRESS

http://unctad.org/en/
Pages/MeetingDetails.
aspx?meetingid=347

http://www.acrest.org

http://www.area-net.org/

http://akonlightingafrica.com/

http://www.ruralelec.org/

https://access-coalition.org/

https://www.ctc-n.org/

http://www.cti-pfan.net/

http://www.cgap.org/

http://www.energia.org/

http://www.energyaccess.org



http://unctad.org/en/Pages/MeetingDetails.aspx?meetingid=347
http://unctad.org/en/Pages/MeetingDetails.aspx?meetingid=347
http://unctad.org/en/Pages/MeetingDetails.aspx?meetingid=347
http://www.acrest.org
http://www.area-net.org/
http://akonlightingafrica.com/
http://www.ruralelec.org/
https://access-coalition.org/
https://www.ctc-n.org/
http://www.cti-pfan.net/
http://www.cgap.org/
http://www.energia.org/
http://www.energyaccess.org
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Table R13. Networks Furthering Energy Access: Selected Examples (continued)

Energy &
Environment
Partnership (EEP)

Energy for All
Partnership (E4ALL)

Global Renewable
Energy Islands
Network (GREIN)

HEDON Household
Energy Network

International
Network for
Sustainable Energy
(INFORSE)

La Via Campesina
(LVC)

RedBioLAC

Small-Scale
Sustainable
Infrastructure
Development Fund
(SIDF)

Wind Empowerment

BRIEF DESCRIPTION

A challenge fund that promotes renewable energy, energy efficiency and
clean technology investments in Southern and East Africa. EEP supports
projects that aim to provide sustainable energy services to the poor and
to combat climate change. The EEP Programme is jointly funded by the
Ministry of Foreign Affairs of Finland, the Austrian Development Agency
and the UK Department for International Development.

A regional platform for co-operation, knowledge, technical exchange and
key project development. It brings together key stakeholders from the
private sector, financial institutions, governments, bilateral, multilateral
and non-governmental development partners. The Partnership, led by
the ADB, aims to provide access to safe, clean and affordable modern
energy to 200 million households in the Oceania region by 2020.

A network created to help islands accelerate their renewable energy
uptake. It serves as a platform for pooling knowledge, sharing best
practices and seeking innovative solutions for the accelerated update of
clean and cost-effective renewable energy technologies in island states
and territories.

A network aimed at empowering practitioners to unlock barriers to
household energy access by addressing knowledge gaps, facilitating
partnerships and fostering information sharing.

A network of 140 NGOs operating in 60 countries that was established
as part of the Rio Convention. It is dedicated to promoting sustainable
energy and social development and is funded by a mix of national
governments, multilateral institutions and CSOs. INFORSE focuses on
four areas: raising awareness about sustainable energy use; promoting
institutional reform among national governments; building local and
national capacity on energy-related issues; and supporting R&D.

Informally known as the “international peasants’ movement’, LVC is a
group of about 150 organisational members that co-ordinate migrant
workers, farmers, rural women and indigenous communities on rural
development issues. The sustainable agriculture, water and women and
human rights programmes deal with various aspects of rural energy use,
especially the connections between food security and biofuels.

A multinational network of institutions involved in research and
dissemination of anaerobic bio-digestion and the treatment and
management of organic waste in Latin America and the Caribbean.

A fund that promotes a Social Merchant Bank approach to help local
entrepreneurs create micro-enterprises that provide infrastructure
services to the poor. As of early 2015, it had a portfolio of almost 200
small investments and associated enterprises in India, and an additional
100 projects in the pipeline.

A global association for the development of locally built small-scale wind
turbines for sustainable rural electrification.

REN21

WEB ADDRESS

http://eepafrica.org/

https://www.adb.org/
sectors/energy/programs/
energy-for-all-initiative

https://sustainabledevelopment.
un.org/partnership/?p=8011

http://www.hedon.info/tiki-index.
php

http://www.inforse.org/

http://viacampesina.org/

http://www.wisions.net/pages/
redbiolac

http://s3idforg/

http://windempowerment.org/
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Renewable Energy
Policy Networl
for the 21st Century

I

185


http://eepafrica.org/
https://www.adb.org/sectors/energy/programs/energy-for-all-initiative
https://www.adb.org/sectors/energy/programs/energy-for-all-initiative
https://www.adb.org/sectors/energy/programs/energy-for-all-initiative
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http://viacampesina.org/
http://www.wisions.net/pages/redbiolac
http://www.wisions.net/pages/redbiolac
http://s3idf.org/
http://windempowerment.org/
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Table R14. Global Trends in Renewable Energy Investment, 2006-2016

2006

NEW INVESTMENT BY STAGE

2007

2008

2009

2010

20Mm

Billion USD

2012

2013

2014

2015

2016

Technology Research

Government R&D 2.2

Corporate R&D 29

Development / Commercialisation

Venture capital 1.2

Manufacturing

Private equity expansion capital 31
Public markets 9.3
Projects

Asset finance 855
Small-scale distributed capacity 9.4
Total New Investment 112.7

Merger & Acquisition

Transactions 358

Total Transactions 148.5

27

3.2

21

35

214

14.9

14.0

159.3

58.6

217.9

2.8

3.6

3.3

6.9
10.8

135.6

221

181.4

SO15

240.9

54

3.8

31
12.7

120.5

33.0

178.3

64.3

4.9

3.9

2.7

55

10.8

1551

62.2

243.6 281.2 255.5

58.8

4.8

4.5

27

2.4

9.9

183.5

75.2

73.0

47

4.2

2.5

4.0

169.4

71.6

66.6

242.5 302.4 354.2 322.1

52 4.5
4.0 3.9
0.9 11
1.4 1.8
10.3 15.9
169.3 | 1944
54.4 60.0
234.4 278.2
66.1 86.6
300.5 364.8

44

4.2

1.6

1.9
13.3

2374

55.5

312.2

94.1

406.3

5.5
2.5

2.2
6.3

1871

39.8

241.6

110.3

351.9

NEW INVESTMENT BY TECHNOLOGY

Solar power 21.9

E Wind power 39.7
Bio-power' 12.8
Hydropower <50 MW 75
Biofuels 28.6
Geothermal power 14
Ocean energy 0.8

Total New Investment 12.7

38.9

611

23.0

6.4

274

17

0.8

159.3

61.3

74.8

17.5

7.6

18.4

17

0.2

181.4

64.0

79.7

15.0

6.2

10.2

2.8

0.3

178.3

"Includes solid biomass and waste-to-power technologies, but not waste-to-gas.

103.6

101.6

16.6

8.1

10.5

2.9

0.2

154.9

84.2

19.9

7.5

10.6

3.9

0.2

140.6

84.4

14.9

6.4

7.2

1.6

0.3

1191

89.0

12.4

5.6

52

2.9

0.2

243.6 281.2 255.5 2344

143.9

108.5

10.8

6.4

5.3

2.9

0.3

7.7

124.2

6.7

3.5

3.5

2.3

0.2

13.7

1125

6.8

3.5

2.2

2.7

0.2

278.2 312.2 241.6
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Table R15. Share of Primary and Final Energy from Renewable Sources, Targets and 2014/2015 Shares

Note: Text in bold indicates new/revised in 2016, brackets '[]' indicate previous targets where new targets were enacted, and text in italics indicates policies
adopted at the state/provincial level.

PRIMARY ENERGY FINAL ENERGY
COUNTRY
Share Target Share Target

EU-28 16% - 20% by 2020
- 27% by 2030
Albania = 18% by 2020 35% = 38% by 2020
Algeria - 37% by 2030
[40% by 2030]
Armenia 16% > 21% by 2020
- 26% by 2025
Austria’ 33% - 45% by 2020
Azerbaijan 0.5%
Bangladesh = 10% by 2020
Barbados 3%
Belarus 5.7% - 28% by 2015
- 32% by 2020
Belgium = 9.7% by 2020 8% = 13% by 2020
Wallonia > 20% by 2020
Bosnia and Herzegovina = 20% by 2016 = 40% by 2020
Botswana - 1% by 2016
Brazil 39.4% = 45% by 2030
Bulgaria 16% = 16% by 2020
Burundi = 21% by 2020
China? 10% - 15% by 2020
- 20% by 2030
Céte d'lvoire - 5% by 2015
- 15% by 2020
= 20% by 2030
Croatia 29% = 20% by 2020
Cyprus 9.4% - 13% by 2020
Czech Republic’ 13% = 13.5% by 2020
Denmark 30% - 35% by 2020
- 100% by 2050
Djibouti - 17% by 2035
Egypt - 14% by 2020
Estonia 25% = 25% by 2020
Fiji - 23% by 2030
Finland 39.3% = 25% by 2015
- 38% by 2020
- 40% by 2025
France 15% - 23% by 2020
- 32% by 2030
Gabon - 80% by 2020
Germany' 14% = 18% by 2020
- 30% by 2030
- 45% by 2040
- 60% by 2050
Ghana = Increase 10% by
2030 (base year 2010)
Greece' 15% - 20% by 2020
Grenada 2> 20% by 2020
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Table R15. Share of Primary and Final Energy from Renewable Sources, Targets and 2014/2015 Shares (continued)

Note: Text in bold indicates new/revised in 2016, brackets '[]' indicate previous targets where new targets were enacted, and text in italics indicates policies
adopted at the state/provincial level.

PRIMARY ENERGY FINAL ENERGY
COUNTRY
Share Target Share Target

Guatemala 31% - 80% by 2026
Guinea - 30% by 2030
Guyana 15% = 20% by 2025
Hungary' 15% - 14.65% by 2020
Iceland 70% - 64% by 2020
Indonesia > 25% by 2025
Ireland 9.2% - 16% by 2020
Israel = 13% by 2025
- 17% by 2030
Italy 18% > 17% by 2020
Jamaica 8% 7.8% - 20% by 2030
Japan 5.8% = 14% by 2030
Jordan - 11% by 2025

Korea, Republic of 4.3% by 2015
6.1% by 2020

- 11% by 2030

A2

Kosovo?® - 25% by 2020
Lao PDR - 30% by 2025
Latvia 38% -2 40% by 2020
Lebanon = 15% by 2030
Liberia - 10% by 2030
Libya - 10% by 2020
Lithuania - 20% by 2025 26% = 23% by 2020
Luxembourg 5% = 11% by 2020
Macedonia, FYR of 20% = 28% by 2020
Madagascar - 54% by 2020
Malawi 5.5% = 7% by 2020
Mali - 15% by 2020
Malta 5% = 10% by 2020
Mauritania - 15% by 2015

= 20% by 2020
Moldova > 20% by 2020 - 17% by 2020
Mongolia = 20-25% by 2020
Montenegro 43% - 33% by 2020
Nauru = 50% by 2015
Nepal - 10% by 2030
Netherlands' 6% - 16% by 2020
Niger = 10% by 2020
Norway 69% - 67.5% by 2020
Palau = 20% by 2020
Palestine, State of - 25% by 2020
Panama 18% - 18.3% by 2023
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Table R15. Share of Primary and Final Energy from Renewable Sources, Targets and 2014/2015 Shares (continued)

Note: Text in bold indicates new/revised in 2016, brackets '[]' indicate previous targets where new targets were enacted, and text in italics indicates policies
adopted at the state/provincial level.

PRIMARY ENERGY FINAL ENERGY
COUNTRY
Share Target Share Target

Poland = 12% by 2020 12% - 15.5% by 2020
Portugal 28% - 31% by 2020
- 40% by 2030
Romania 25% > 24% by 2020
Samoa - 20% by 2030
Serbia > 27% by 2020
Slovak Republic 13% = 14% by 2020
Slovenia 22% - 25% by 2020
Spain' 14% 16% - 20.8% by 2020
St. Lucia 0.2% = 20% by 2020
Sweden' 54% =2 50% by 2020
Switzerland = 24% by 2020
Syria - 4.3% by 2030
Thailand = 25% by 2021
- 30% by 2036
Togo - 4% (no date)
Ukraine 2.7% - 18% by 2030 = 11% by 2020
United Arab Emirates <1% = 24% by 2021
United Kingdom 8.2% = 15% by 2020
Uzbekistan = 16% by 2030
= 19% by 2050
Vanuatu - 65% by 2020
Vietnam -2 5% by 2020
- 8% by 2025

> 1% by 2050

'Final energy targets by 2020 for all EU-28 countries are set under EU Directive 2009/28/EC. The governments of Austria, the Czech Republic, Germany,
Greece, Hungary, Spain and Sweden have set higher targets, which are shown here. The government of the Netherlands has reduced its more ambitious
target to the level set in the EU Directive.

2The Chinese target is for share of "non-fossil” energy. All targets include nuclear power.
3Kosovo is not a member of the United Nations.

Note: Actual percentages are rounded to the nearest whole decimal for numbers over 10% except where associated targets are expressed differently.
Historical targets have been added as they are identified by REN21. Only bolded targets are new/revised in 2016. A number of nations have already
exceeded their renewable energy targets. In many of these cases, targets serve as a floor setting the minimum share of renewable energy for the country.
Some countries shown have other types of targets (= see Tables R10, R16, R17, R18 and R19).

Source: See endnote 15 for this section.
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Table R16. Renewable Energy Targets for Technology-Specific Share of Primary and Final Energy

COUNTRY TECHNOLOGY

Guinea-Bissau = Solar PV

Indonesia Hydropower, solar PV, wind power
Biofuels
Samoa Final energy
Spain Bioenergy from solid biomass, biogas and organic MSW'

Geothermal energy, ocean power and heat pumps?
Hydropower

Solar PV

Wind power

TARGET

2% of primary energy by 2015
1.4% share in primary energy (combined) by 2025
10.2% biofuel share of primary energy by 2025

Increase the renewable share of final energy supply
20% by 2030 (base year 2007)

0.1% of final energy by 2020
5.8% of final energy by 2020
2.9% of final energy by 2020
3% of final energy by 2020

6.3% of final energy by 2020

"It is not always possible to determine whether data for municipal solid waste (MSW) include non-organic waste (plastics, metal, etc.) or only the organic

biomass share.

2The energy output of heat pumps is at least partially renewable on a final energy basis, which is why they are included in this table. For more information,

see Sidebar 4, GSR 2014.

Note: Some countries shown have other types of targets (- see Tables R10, R15, R17, R18 and R19).

Source: See endnote 16 for this section.
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Table R17. Share of Electricity Generation from Renewable Sources, Targets and 2015 Shares

Note: Text in bold indicates new/revised in 2016, brackets '[]' indicate previous targets where new targets were enacted, and text in italics indicates policies

adopted at the state/provincial level.

EU-28 28.8% Colombia' - 100% by 2050
Afahanistan’ P———— Comoros' - 43% by 2030
ghanistan o Dy - 100% by 2050
Algeria > 27% by 2030 Congo, Republic of - 85% by 2025
| (o)
AntglalandBaibrda 2 12 oj’ E;’ ;828 Costa Rica > 100% by 2030
(o]
U 5 a5
Argentina > 8% by 2018 Céte d Ivoire 42% by 2020
9 Croatia 45% - 39% by 2020
- 20% by 2025
Armenia 34% > 40% by 2025 Cuba > 24% by 2030
Aruba - 100% by 2020 Cyprus 8.4% - 16% by 2020
Australia 10% > 23% by 2020 Czech Republic 14% = 14.3% by 2020
South Australia = 50% by 2020 Dfetr:oc(::ratic Ffepublic > 100% by 2050
of the Congo
Tasmania - 100% by 2020 g
. . Denmark? 51% - 50% by 2020
Victoria = 20% by 2020 = 100% by 2050
- 40% by 2025 . )
. Djibouti - 35% by 2035
Austria 70.3% - 70.6% by 2020 o
. Dominica - 100% (no date)
Azerbaijan 16% = 20% by 2020 . .
. Dominican Repubilic' > 25% by 2025
Bahamas, The - 15% by 2020 - 100% by 2050
- 30% by 2030
) . Ecuador - 90% by 2017
Bahrain -2 5% by 2030 [85% by 2017]
- 100% by 2050 [20% by 2020]
Barbados' > 29% by 2029 Eritrea > 70% by 2030
- 65% by 2030 .
- 100% by 2050 Estonia 151% - 176% by 2020
Belgium 154% = 209% by 2020 2Lz = el et
Belize > 85% by 2017 Fi = 100% by 2030
Finland 33% - 33% by 2020
Bhutan' » 100% by 2050 y
Bolivia > 79% by 2030 France 19% > 27% by 2020
: = 40% by 2030
Brazil? - 23% by 2030 o
. . Gabon = 70% by 2020
Brunei Darussalam - 10% by 2035 - 80% by 2025
Bulgaria 191% = 20.6% by 2020 Gambia’ - 35% by 2020
Burkina Faso' - 100% by 2050 - 100% by 2050
Cabo Verde - 100% by 2020 Germany 31% - 40-45% by 2025
= [100% by 2035] - 55-60% by 2035
= [50% by 2020] - 80% by 2050
Cambodia' - 25% by 2035 Ghana' - 10% by 2020
- 100% by 2050 - 100% by 2050
Canada® 7.3% No national target Greece 22% = 40% by 2020
Alberta - 30% by 2030 Grenada' - 100% by 2050
British Columbia = 93% (no date given) Guatemala' - 80% by 2030
New Brunswick = 40% by 2020 = 100% by 2050
Nova Scotia > 40% by 2020 Guyana > 90% (no date)
-
Saskatchewan =2 50% by 2030 Haiti > 47% by 2030
. - 100% by 2050
Chile 8.5% - 20% by 2025 ;
N onal Honduras - 60% by 2022
China No national target - 80% by 2038
Taipei 4% - 20% by 2025 - 100% by 2050
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Table R17. Share of Electricity Generation from Renewable Sources, Targets and 2015 Shares (continued)

Note: Text in bold indicates new/revised in 2016, brackets '[]' indicate previous targets where new targets were enacted, and text in italics indicates policies

192

adopted at the state/provincial level.

Target

Target

Hungary 73% - 10.9% by 2020 Ireland 25.2% = 42.5% by 2020
India® = 40% by 2030 Israel 3% = 10% by 2020
Andaman and Nicobar = 3% (0.4% solar) 2 17% by 2030
Andhra Pradesh > 7% (0.2% solar) ltaly 34% > 26% by 2020
Arunchal Pradesh > 7% (0.2% solar) Jamaica > 20% by 2030
Assam - 7% (0.25% solar) Japan 7.9% > 22-24% by 2030
Bihar > 5% (0.75% solar) Kazakhstan 2 3%; by 2020
> 3% solar by 2022 > 50% by 2030
Chandigarh > 3% (0.4% solar) Kenya' 2 100% by 2050
Chattisgarh - 6.75% (0.75% solar) Kiribati' 2 3% by 2020
> 725% by 2016 > 100% by 2050
Dadra and Nagar Haveli > 3% (0.4% solar) Korea, Republic of 3.7% > 5% by 2018
. o e (4.5% by 2018)
Daman and Diu = 3% (0.4% solar) > 6% by 2019
Delhi 2 6.2% (0.25% solar) (5% by 2019)
= 9% by 2017 - 7% by 2020
0,
Goa > 3.3% (06% solar) (6% by 2020)
= 6% by 2022 Kuwait - 10% (no date)
Gujarat - 9% (15% solar) Latvia 52% - 60% by 2020
> 10% by 2017 Lebanon' > 12% by 2020
Haryana 2> 3.25% (0.25% solar) - 100% by 2050
> 55% by 2022 Liberia - 30% by 2021
Himachal Pradesh = 70.25% (0.25% solar) Libya > 7% by 2020
-> 0,
19% by 2022 > 10% by 2025
/ - (o) .759 ) .
Jammu and Kashmir S g; fj ; 0/7750/”) Lithuania 16% > 21% by 2020
0
Jharkhand > 4% (1% solar) Luxembourg 6.2% = 11.8% by 2020
> 4% by 2016 Macedonia, FYR of 22% = 24.7% by 2020
Karnataka > 10.25% (0.25% solar) Madagascar' = 79% (no date)
> o
Kerala = 45% (0.25% solar) 100% by 2050
> 6:6% by 2022 Malawi' > 100% by 2050
Lakshadweep > 3% (0.4% solar) Malaysia = 9% by 2020
= 11% by 2030
-> 0, 0,
Madhya Pradesh 7% (1% solar) > 15% by 2050
> 9% (059 .
Maharashtra 9% (0.5% solar) Maldives' = 16% by 2017
Manipur = 5% (0.25% solar) - 100% by 2050
Meghalaya - 1% (0.4% solar) Malié - 25% by 2033
Mizoram > 7% (0.25% solar) Malta 4.2% - 3.8% by 2020
Nagaland > 8% (0.25% solar) Marshall Islands' > 20% by 2020
Orissa > 6.5% (0.25% solar) - 100% by 2050
Pondicherry - 3% (0.4% solar) Mauritius - 35% by 2025
Punjab - 4% (019% solar) Mexico 8.9% 2> 35% by 2024
Rajasthan - 9% (1.5% solar) - 50% by 2050
Tamil Nadu > 11% (2% solar) Moldova - 10% by 2020
Tripura > 2.5% (105% solar) Montenegro = 51.4% by 2020
Uttar Pradesh - 6% (1% solar) Mongolia’ - 20% by 2020
0,
Uttarakhand = 7075% (0075% solar) = 30% by 2030
- 100% by 2050
West Bengal = 4.5% (015% solar)
Indonesia - 26% by 2025
Irag = 10% by 2030
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Table R17. Share of Electricity Generation from Renewable Sources, Targets and 2015 Shares (continued)

Note: Text in bold indicates new/revised in 2016, brackets '[]' indicate previous targets where new targets were enacted, and text in italics indicates policies

adopted at the state/provincial level.

Morocco' - 52% by 2030 Sri Lanka' - 10% by 2016
[52% by 2039] > 20% by 2020
- 100% by 2050 - 100% by 2050
Myanmar - 15-18% by 2020 St. Lucia’ - 35% by 2020
Namibia > 70% by 2030 > 100% by 2050
Nepal' - 100% by 2050 St. \/incgnt and the - 60% by 2020
Grenadines
Netherlands - 37% by 2020
. Sudan’ 2> 20% by 2030
New Zealand - 90% by 2025 - 100% by 2050
Cook Islands - 100% by 2020 Swegkn > 62.9% by 2020
Nive = 100% by 2020 Tajikistan - 10% (no date)
Tokelau = 700% (no date) TR > 100% by 2050
Nicaragua - 90% by 2027 Thailand® > 20% by 2036
Niger' = 100% by 2050 Timor-Leste' > 50% by 2020
Nigeria’ = 10% by 2020 - 100% by 2050
Palau’ - 100% by 2050 Togo - 15% by 2020
Palestine, State of ' = 10% by 2020 Tonga - 50% by 2020
- 100% by 2050 Tunisia’ 2> 11% by 2016
Papua New Guinea = 100% by 2030 - 30% by 2030
Paraguay - 60% increase > 100% by 2050
from 2014 to 2030 Turkey - 30% by 2023
Peru - 60% by 2025 Tuvalu - 100% by 2020
Philippines’ = 40% by 2020 Uganda - 61% by 2017
[)
21100%by 2050 Ukraine > 11% by 2020
Poland - 19.3% by 2020 - 20% by 2030
Portugal = 60% by 2020 United Arab Emirates No national target
Qatar - 2% by 2020 Abu Dhabi = 7% by 2020
- 20% by 2030 Dubai - 7% by 2020
Romania > 43% by 2020 > 15% by 2030
Russian Federation® - 45% by 2020 United Kingdom No national target
Rwanda' > 100% by 2050 Scotland - 100% by 2020
Samoa - 100% by 2030 United States™ No national target
S&o Tomé and Principe 2 47% (no date) Arizona > 15% by 2025
Senegal’ > 20% by 2017 California - 33% by 2020
> 100% by 2050 - 50% by 2030
Serbia - 37% by 2020 Colorado = 30% by 2020"
Seychelles > 5% by 2020 Connecticut > 27% by 2020
- 15% by 2030 Delaware - 25% by 2026
Sierra Leone - 33% by 2020 Hawaii - 25% by 2020
- 36% by 2030 > 40% by 2030
Singapore - 8% (no date) - 100% by 2045
Slovak Republic > 24% by 2020 Hllinois > 25% by 2026
, [25% by 2015-2016]
Slovenia = 39.3% by 2020 :
Maine - 40% by 2017
Solomon Islands - 100% by 2030
i o Maryland - 25% by 2020
South Africa 2> 9% by 2030 [20% by 2020]
South Sudan’ = UL 20 Massachusetts > 15% by 2020 and an
Spain - 381% by 2020 additional 1% each

year thereafter
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Table R17. Share of Electricity Generation from Renewable Sources, Targets and 2015 Shares (continued)

Note: Text in bold indicates new/revised in 2016, brackets '[]' indicate previous targets where new targets were enacted, and text in italics indicates policies

194

adopted at the state/provincial level.

Michigan

Minnesota

Missouri
Nevada
New Hampshire

New Jersey
New Mexico

New York
North Carolina

Ohio

Oregon

Target

- 15% by 2021
- [10% by 2015]

- 31.5% by 2020 (Xcel)
[25% by 2025
(other utilities)]
26.5% by 2025 (I0Us)"

-
> 15% by 2021
> 25% by 2025
> 24,8% by 2025
-

20.38% by 2020 and
4.1% solar by 2027

20% by 2020 (I0Us)"
10% by 2020 (co-ops)?

50% by 2030

10% by 2018 (co-ops)*
12,5% by 2021"

12.5% by 2026
[25% by 2024]

> 50% by 2040
[25% by 2025
(utilities with 3% or
more of state’s load);
10% by 2025
(utilities with 1.5-
3% of state’s load);
5% by 2025
(utilities with less
than 1.5% of state’s
load)]

1100% by 2050 target established by the Climate Vulnerable Forum.

2Brazil's target excludes all hydropower.

3Canada's share excludes all hydropower.

Pennsylvania
Rhode Island

Vermont

Washington
District of Columbia

Northern Mariana
Islands

Puerto Rico
US Virgin Islands

Uruguay
Vanuatu

Vietnam'

Yemen'

4In March 2012, Denmark set a target of 50% electricity consumption supplied by wind power by 2020.

Share Target

> 18% by 2021

- 38.5% by 2035
[16% by 2019]

= 55% by 2017,
increasing by 4%
every 3 years until
reaching 75% by 2032

= 15% by 2020

> 50% by 2032
[20% by 2020]

- 20% by 2016
[80% by 2015]

= 20% by 2035

30% by 2025

[30% by 2030]

95% by 2017

100% by 2030

7% by 2020

10% by 2030

[5% by 2020]

- 100% by 2050

- 15% by 2025

- 100% by 2050

4

LR R A A

°India does not classify hydropower installations larger than 25 MW as renewable energy sources, so hydro >25 MW is excluded from national shares and
targets. De facto sub-national targets have been set through existing RPS policies.

5Mali's target excludes large-scale hydropower.

"Nigeria's target excludes hydropower plants >30 MW.

8The Russian Federation's targets exclude hydropower plants >25 MW.

9Thailand does not classify hydropower installations larger than 6 MW as renewable energy sources, so hydro >6 MW is excluded from national shares and targets.

“The United States does not have a renewable electricity target at the national level. De facto state-level targets have been set through existing RPS policies.

"RPS mandate for Investor-owned utilities (IOUs), which are utilities operating under private control rather than government or co-operative operation.

2RPS mandate for co-operative utilities.

Note: Unless otherwise noted, all targets and corresponding shares represent all renewables including hydropower. A number of state/provincial and local
jurisdictions have additional targets not listed here. Historical targets have been added as they are identified by REN21. Only bolded targets are new/
revised in 2016. A number of nations have already exceeded their renewable energy targets. In many of these cases, targets serve as a floor setting the
minimum share of renewable electricity for the country. Some countries shown have other types of targets (= see Tables R10 and R12-R22). See Policy
Landscape chapter for more information about sub-national targets. Existing shares are indicative and may need adjusting if more accurate national
statistics are published. Sources for reported data often do not specify the accounting method used; therefore, shares of electricity are likely to include
a mixture of different accounting methods and thus are not directly comparable or consistent across countries. Where shares sourced from EUROSTAT
differed from those provided to REN21 by country contributors, the former was given preference.

Source: See endnote 17 for this section.
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Table R18. Renewable Energy Targets for Technology-Specific Share of Electricity Generation

Note: Text in bold indicates new/revised in 2016 and brackets '[]' indicate previous targets where new targets were enacted.

COUNTRY TECHNOLOGY

Benin Generation (off-grid and rural)
Colombia Generation (grid-connected)'
Generation (off-grid)
Denmark Wind power
Djibouti Solar PV (off-grid and rural)
Dominican Republic Distributed power (rooftop solar)
Egypt Wind power
Eritrea Wind power
Guinea Solar power
Wind power
Haiti Bio-power
Hydropower
Solar power
Wind power
Japan Bio-power

Geothermal power

Hydropower

Solar PV

Wind power
Latvia Bio-power from solid biomass
Lesotho Generation (not specified)

Micronesia, Federated = Generation (not specified)
States of

Myanmar Generation (not specified)

Trinidad and Tobago Generation (not specified)

TARGET

50% by 2025

3.5% by 2015; 6.5% by 2020
20% by 2015; 30% by 2020
50% by 2020

30% by 2017

20% by 2016

12% and 7.2 GW by 2020
50% (no date)

6% of generation by 2025
2% of generation by 2025
5.6% by 2030

24.5% by 2030

7.55% by 2030

9.4% by 2030

3.7-4.6% by 2030

1-11% by 2030

8.8-9.2% by 2030

7% by 2030

1.7% by 2030

8% by 2016

35% of off-grid and rural electrification by 2020

10% in urban centres and 50% in rural areas by 2020

30% of rural electrification by 2030
5% of peak demand (or 60 MW) by 2020

Renewable Energy
Policy Network
for the 21st Century
1 o~
»° ~

TColombia's target is to be met by "non-conventional sources of energy”, which includes nuclear energy and renewables, small- and large-scale self-supply
and distributed power generation, and non-diesel power generation in non-interconnected zones.

Note: Unless otherwise noted, all targets and corresponding shares represent all renewables including hydropower. A number of state/provincial and local
jurisdictions have additional targets not listed here. Some countries shown have other types of targets (< see Tables R12-R22). See Policy Landscape
chapter and Table R23 for more information about sub-national and municipal-level targets, and see Table R10 for electricity access-specific targets.
Existing shares are indicative and may need adjusting if more accurate national statistical data are published.

Source: See endnote 18 for this section.
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Table R19. Targets for Renewable Power Installed Capacity and/or Generation

Note: Text in bold indicates new/revised in 2016, brackets '[]' indicate previous targets where new targets were enacted, and text in italics indicates policies
adopted at the state/provincial level.

COUNTRY TECHNOLOGY TARGET

Algeria Capacity (not specified) 22 GW by 2030
Bio-power from waste-to-energy 1 GW by 2030
Geothermal power 15 MW by 2030
Solar PV 13.5 GW by 2030
CSP 2 GW by 2030
Wind power 5 GW by 2030
Antigua and Capacity (not specified) 5 MW by 2030
Barbuda
Argentina Capacity (not specified) 3 GW by 2018
Armenia Hydropower (small-scale) 377 MW by 2020; 397 MW by 2025
Geothermal power 50 MW by 2020; 100 MW by 2025
Solar PV 40 MW by 2020; 80 MW by 2025
Wind power 50 MW by 2020; 100 MW by 2025
Austria Bio-power from solid biomass and biogas = 200 MW added 2010-2020
Hydropower 1 GW added 2010-2020
Solar PV 1.2 GW added 2010-2020
Wind power 2 GW added 2010-2020
Azerbaijan Capacity (not specified) 1GW by 2020
Bangladesh Bio-power from solid biomass 100,000 plants of 2.6 m® capacity capable of producing 40 MW of
electricity
Bio-power from biogas 7 MW by 2017
Biogas digesters 150,000 plants by 2016
Solar PV (off-grid and rural) 6 million solar home systems by 2016 (240 MW total); 50 mini-
grids of 150 kW each; 1,550 solar irrigation pumps by 2017
Wind power 400 MW by 2030
Belgium No national target
Flanders | Solar PV Increase production 30% by 2020
Wallonia | Generation (not specified) 8 TWh per year by 2020
Bhutan Capacity (not specified) 20 MW by 2025
Bio-power from solid biomass 5 MW by 2025
Solar PV 5 MW by 2025
Wind power 5 MW by 2025
Bolivia Capacity (not specified) 160 MW added 2015-2025
Bosnia and Hydropower 120 MW by 2030
Herzegovina | gijar py 4 MW by 2030
Wind power 175 MW by 2030
Brazil Bio-power 18 GW by 2024
Hydropower (small-scale) 8 GW by 2024
Hydropower (large-scale) 117 GW by 2024
Wind power 24 GW by 2024
Solar 7 GW by 2024
Bulgaria Hydropower Three 174 MW plants commissioned by 2017-2018
Burundi Bio-power from solid biomass 4 MW (no date)
Hydropower 212 MW (no date)
Solar PV 40 MW (no date)
Wind power 10 MW (no date)
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REN21

Table R19. Targets for Renewable Power Installed Capacity and/or Generation (continued)

Note: Text in bold indicates new/revised in 2016, brackets '[]' indicate previous targets where new targets were enacted, and text in italics indicates policies
adopted at the state/provincial level.

COUNTRY TECHNOLOGY

Canada

Ontario

Prince Edward

China

Cuba
Egypt

Ethiopia

Finland

France

Germany

Island

Taipei

Capacity (not specified)

Hydropower
Solar PV

Wind power
Wind power

Capacity (not specified)
Hydropower

Solar power

Wind power

Capacity (not specified)
Bio-power

Geothermal power

Solar PV

Wind power (onshore)
Wind power (offshore)
Capacity (not specified)
Hydropower

Solar PV

CSP

Wind power
Bio-power from bagasse
Geothermal power
Hydropower

Wind power
Bio-power
Hydropower

Wind power
Hydropower

Ocean power

Solar

Wind power

Wind power (onshore)
Wind power (offshore)
Bio-power

Solar PV

Wind power (onshore)

Wind power (offshore)

TARGET

No national target

20 GW by 2025 supplied by a mix of renewable technologies,
including:

9.3 GW by 2025

40 MW by 2025

5 GW by 2025

30 MW increase by 2030 (base year 2011)

680 GW non-fossil fuel generation capacity by 2020

340 GW by 2020

110 GW by 2020 [150 GW by 2020] of which 5 GW is CSP

210 GW by 2020 [250 GW by 2020] of which 5 GW is offshore
8,303 MW by 2020, 12,513 MW by 2025, 17,250 MW by 2030

768 MW by 2020; 813 MW by 2025; 950 MW by 2030

10 MW by 2020; 150 MW by 2025; 200 MW by 2030

1115 MW by 2015; 3,615 MW by 2020; 6.2 GW by 2025; 8.7 GW by
2030

12 GW by 2020, 1.2 GW by 2025; 1.2 GW by 2025

520 MW by 2020; 2 GW by 2025, 4 GW by 2030

2.1 GW of biomass, wind, solar and hydropower capacity by 2030
2.8 GW by 2020

300 MW small-scale (<500 kW) solar PV systems installed
2015-2017;

2 GW medium and large-size solar PV (max. 50 MW) installed
2015-2017 [220 MW by 2020; 700 MW by 2027]

11 GW by 2020; 2.8 GW by 2030

2 GW installed 2015-2017, 7.2 GW by 2020
103.5 MW (no date)

450 MW by 2018; 1 GW by 2030

22 GW by 2030

7 GW by 2030 [770 MW by 2014]

13.2 GW by 2020

14.6 GW by 2020

884 MW by 2020

25.8-26.05 GW by 2030

380 MW by 2020

10.2 GW by 2018; 18.2-20.2 GW by 2023; [8 GW by 2020]
21.8-26 GW by 2023

19 GW by 2020

6 GW by 2020

100 MW added per year

2.5 GW added per year

2.5 GW added per year

6.5 GW added by 2020

'~

Renewable Energy

Policy Network

for the 21st Century

I
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Table R19. Targets for Renewable Power Installed Capacity and/or Generation (continued)

Note: Text in bold indicates new/revised in 2016, brackets '[]' indicate previous targets where new targets were enacted, and text in italics indicates policies
adopted at the state/provincial level.

COUNTRY TECHNOLOGY

Greece

Grenada

India

Andhra Pradesh
Jharkhand

Indonesia

Iran

Iraq

[taly

Japan

Jordan

Kazakhstan

Kenya

Korea,
Republic of

Solar PV

Geothermal power

Solar power

Wind power

Capacity (not specified)
Bio-power

Hydropower (small-scale)’
Solar PV

Solar PV and CSP

Wind power

Solar PV

Solar PV

Geothermal power
Hydropower

Pumped storage?

Solar power

Wind power

Solar power and wind power
Solar PV

CSP

Wind power

Bio-power

Geothermal power
Hydropower

Solar PV

Wind power (onshore)
Wind power (offshore)
Ocean power (wave and tidal)
Capacity (not specified)
Solar power

Wind power

Bio-power

Hydropower

Solar power

Wind power

Geothermal power
Hydropower

Solar PV

Wind power

Generation (not specified)

Bio-power from solid biomass
Bio-power from biogas

Bio-power from landfill gas

TARGET

2.2 GW by 2030

15 MW (no date)

10 MW (no date)

2 MW (no date)

175 GW by 2022

10 GW by 2022

5 GW by 2022

20 million solar lighting systems added 2010-2022

100 GW by 2022

60 GW by 2022

5,000 MW added between 2015 and 2020

2,650 MW installed by 2019-2020

12,6 GW by 2025

2 GW by 2025, including 0.43 GW micro-hydropower

3 GW by 2025

5 GW by 2020 [156.8 MW of solar PV by 2025]

100 MW by 2025

5 GW by 2020

240 MW by 2016

80 MW by 2016

80 MW by 2016

19,780 GWh per year generation from 2.8 GW capacity by 2020
6,759 GWh per year of generation from 920 MW capacity by 2020
42,000 GWh per year generation from 17.8 GW capacity by 2020
23 GW by 2017

18,000 GWh per year generation and 12 GW capacity by 2020
2,000 GWh per year generation and 680 MW capacity by 2020
15 GW by 2030

1.8 GW by 2020

1 GW by 2020 [600 MW by 2020]

1.2 GW by 2020

15.05 MW at 3 bioelectric stations by 2020

539 MW at 41 hydroelectric power stations by 2020

713.5 MW at 28 solar electric plants by 2020

1,787 MW at 34 wind power stations by 2020

19 GW by 2016; 5 GW by 2030

794 MW by 2016

423 MW by 2016

635 MW by 2016

13,016 GWh per year (2.9% of total generation) by 2015; 21,977
GWHh per year (4.7%) by 2020; 39,517 GWh per year (7.7%) by 2030
supplied by a mix of renewable technologies, including:

2,628 GWh per year by 2030
161 GWh per year by 2030
1,340 GWh per year by 2030
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Table R19. Targets for Renewable Power Installed Capacity and/or Generation (continued)

Note: Text in bold indicates new/revised in 2016, brackets '[]' indicate previous targets where new targets were enacted, and text in italics indicates policies
adopted at the state/provincial level.

COUNTRY TECHNOLOGY

Korea,
Republic of
(continued)

Kuwait

Lebanon
Lesotho
Libya

Macedonia,
FYR of

Malaysia

Mexico

Morocco

Mozambique

Myanmar

Nigeria

Norway

Geothermal power
Hydropower (large-scale)
Hydropower (small-scale)
Ocean power

Solar PV

CSP

Wind power

Wind power (offshore)
Solar PV

CSP

Wind power

Wind power

Capacity (not specified)
Solar PV

CSP

Wind power

Bio-power from solid biomass
Bio-power from biogas
Hydropower (small-scale)
Solar PV

Wind power

Generation (not specified)

Solar power

Capacity

Wind power

Hydropower

Solar PV and CSP

Wind power

Bio-digesters for biogas
Hydropower, solar PV, wind power
Solar PV

Wind turbines for water pumping

"Renewable energy-based productive
systems”

Hydropower

Bio-power

Hydropower (small-scale)?
Solar PV (large-scale, >1 MW)
CSP

Wind power

Generation (not specified)

Generation (not specified)

TARGET

2,046 GWh per year by 2030

3,860 GWh per year by 2030

1,926 GWh per year by 2030

6,159 GWh per year by 2030

2,046 GWh per year by 2030

1,971 GWh per year by 2030

900 MW by 2016; 1.5 GW by 2019; 16,619 GWh per year by 2030
2.5 GW by 2019

3.5 GW by 2030

11 GW by 2030

31 GW by 2030

400-500 MW by 2020

260 MW by 2030

344 MW by 2020; 844 MW by 2025
125 MW by 2020; 375 MW by 2025
600 MW by 2020; 1 GW by 2025
50 GWh by 2020

20 GWh by 2020

216 GWh by 2020

14 GWh by 2020

300 GWh by 2020

21 GW (excluding large-scale hydropower), 11.2 TWh per year,
or 10% of national supply (no date given);
11% by 2020; 14% by 2030; 36% by 2050

1 GW of capacity added by 2020
20 GW by 2030, of which:

10 GW by 2030

2 GW by 2020

2 GW by 2020

2 GW by 2020

1,000 systems installed (no date)
2 GW each (no date)

82,000 solar home systems installed (no date)
3,000 stations installed (no date)
5,000 installed (no date)

9.4 GW by 2030

400 MW by 2025

2 GW by 2025

500 MW by 2025

5 MW by 2025

40 MW by 2025

30 TWh per year by 2016

26.4 TWh common electricity certificate market with Sweden
by 2020

199



REFERENCE TABLES

Table R19. Targets for Renewable Power Installed Capacity and/or Generation (continued)

Note: Text in bold indicates new/revised in 2016, brackets '[]' indicate previous targets where new targets were enacted, and text in italics indicates policies

adopted at the state/provincial level.

COUNTRY TECHNOLOGY

Palestine,
State of

Philippines

Poland
Portugal

Russian
Federation

Rwanda

Saudi Arabia

Serbia
Sierra Leone
Singapore

Solomon
Islands

South Africa

Spain

Bio-power

Solar PV

CSP

Wind power

Capacity (not specified)
Bio-power

Geothermal power
Hydropower

Ocean power

Solar PV

Wind power

Wind power (offshore)
Capacity (not specified)
Bio-power from solid biomass
Bio-power from biogas
Geothermal power
Hydropower (small-scale)
Ocean power (wave)
Solar PV

Concentrating solar photovoltaics (CPV)
Wind power

Capacity (not specified)*

Bio-power from biogas
Geothermal power

Hydropower

Capacity (not specified; off-grid)
Capacity (not specified)

Solar PV and CSP

Geothermal, bio-power (waste-to-energy)?,
wind power

Solar PV

Wind power

Capacity (not specified)
Solar PV

Geothermal power
Hydropower

Solar power

Capacity (not specified)

Bio-power from solid biomass
Bio-power from organic MSW?®
Bio-power from biogas
Geothermal power

Hydropower

TARGET

21 MW by 2020

45 MW by 2020

20 MW by 2020

44 MW by 2020

Triple the 2010 capacity by 2030
277 MW added 2010-2030

1.5 GW added 2010-2030

5,398 MW added 2010-2030

75 MW added 2010-2030

284 MW added 2010-2030

2.3 GW added 2010-2030

1 GW by 2020

15.8 GW by 2020

769 MW by 2020

59 MW by 2020

29 MW by 2020

400 MW by 2020

6 MW by 2020

670 MW by 2020

50 MW by 2020

5.3 GW onshore by 2020; 27 MW offshore by 2020
5.87 GW installed capacity commissioned by 2020

300 MW by 2017

310 MW by 2017

340 MW by 2017

5 MW by 2017

9.5 GW by 2023; 54 GW by 2040

41 GW by 2040 (25 GW CSP, 16 GW PV)
13 GW combined by 2040

150 MW by 2017

14 GW (no date)
1GW (no date)

350 MW by 2020
20-40 MW (no date)
3.77 MW (no date)
3.2 MW (no date)

178 GW by 2030; 42% of new generation capacity installed
2010-2030

14 GW by 2020
200 MW by 2020
400 MW by 2020
50 MW by 2020
13.9 GW by 2020
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Table R19. Targets for Renewable Power Installed Capacity and/or Generation (continued)

Note: Text in bold indicates new/revised in 2016, brackets '[]' indicate previous targets where new targets were enacted, and text in italics indicates policies
adopted at the state/provincial level.

COUNTRY TECHNOLOGY

Spain
(continued)

Sudan

Sweden

Switzerland

Syria

Tajikistan
Thailand

Trinidad and
Tobago

Tunisia

Turkey

Uganda

Pumped storage?

Ocean power

Solar PV

CSP

Wind power (onshore)

Wind power (offshore)
Bio-power from solid biomass
Bio-power from biogas
Hydropower

Solar PV

CSP

Wind power

Generation (not specified)
Generation (not specified)
Generation (not specified)
Hydropower

Bio-power

Solar PV

CSP

Wind power

Hydropower (small-scale)
Bio-power from solid biomass
Bio-power from biogas
Bio-power from organic MSW?®
Geothermal power
Hydropower

Ocean power (wave and tidal)
Solar PV

Wind power

Wind power

Capacity (not specified)
Bio-power from solid biomass
Solar power

Wind power

Bio-power from solid biomass
Geothermal power
Hydropower

Solar PV

Wind power

Bio-power from organic MSW?®
Geothermal power

Hydropower (large-scale)

Hydropower (mini- and micro-scale)

Solar PV (solar home systems)

TARGET

88 GW by 2020

100 MW by 2020

7.3 GW by 2020

4.8 GW by 2020

35 GW by 2020

750 MW by 2020

54 MW by 2031

68 MW by 2031

63 MW by 2031

667 MW by 2031

50 MW by 2031

680 MW by 2031

25 TWh more renewable electricity annually by 2020 (base year 2002)
26.4 TWh common electricity certificate market with Norway by 2020
12 TWh per year by 2035; 24.2 TWh per year by 2050
43 TWh per year by 2035

140 MW by 2020; 260 MW by 2025; 400 MW by 2030
380 MW by 2020; 11 GW by 2025; 1.8 GW by 2030

50 MW by 2025

1GW by 2020; 1.5 GW by 2025; 2 GW by 2030

100 MW by 2020

4.8 GW by 2021

600 MW by 2021

400 MW by 2021

1MW by 2021

61 GW by 2021

2 MW by 2021

1.7 GW by 2016; 3 GW by 2021; 6 GW by 2036

18 GW by 2021

100 MW (no date given)

1 GW (16% of capacity) by 2016; 4.6 GW (40% of capacity) by 2030
40 MW by 2016; 300 MW by 2030
10 GW by 2030

16 GW by 2030

1GW by 2023

1GW by 2023

34 GW by 2023

5 GW by 2023

20 GW by 2023

30 MW by 2017

45 MW by 2017

1.2 GW by 2017

85 MW by 2017

700 KW by 2017

Renewable Energy

for the 21st Century
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Table R19. Targets for Renewable Power Installed Capacity and/or Generation (continued)

Note: Text in bold indicates new/revised in 2016, brackets '[]' indicate previous targets where new targets were enacted, and text in italics indicates policies
adopted at the state/provincial level.

COUNTRY TECHNOLOGY TARGET

United Kingdom | Wind power (offshore) 39 GW by 2030
United States No national target
lowa | Capacity (not specified) 105 MW of generating capacity for |OUs®
Massachusetts = Wind (offshore) 1.6 GW by 2027
Texas | Capacity (not specified) 5,880 MW
Venezuela Capacity (not specified) 613 MW new capacity installed 2013-2019, including:
Wind power 500 MW new capacity installed 2013-2019
Vietnam Hydropower 21.6 GW by 2020; 24.6 GW by 2025; 27.8 GW by 2030
Wind power 800 MW by 2020; 2 GW by 2025; 6 GW by 2030
Solar power 850 MW by 2020; 4 GW by 2025; 12 GW by 2030
Yemen Bio-power 6 MW by 2025
Geothermal power 200 MW by 2025
Solar PV 4 MW by 2025
CSPP 100 MW by 2025
Wind power 400 MW by 2025

"India does not classify hydropower installations larger than 25 MW as renewable energy sources. Therefore, national targets and data for India do not
include hydropower facilities >25 MW.

2Pumped storage plants are not energy sources but a means of energy storage. As such, they involve conversion losses and are powered by renewable or
non-renewable electricity. Pumped storage is included here because it can play an important role as balancing power, in particular for variable renewable
resources.

3Nigeria's target excludes hydropower plants >30 MW,
4The Russian Federation's targets exclude hydropower plants >25 MW.

°It is not always possible to determine whether municipal solid waste (MSW) data include non-organic waste (plastics, metal, etc.) or only the organic
biomass share.

5Investor-owned utilities (I0OUs) are those operating under private control rather than government or co-operative operation.

Note: All capacity targets are for cumulative capacity unless otherwise noted. Targets are rounded to the nearest tenth decimal. Renewable energy targets
are not standardised across countries; therefore, the table presents a variety of targets for the purpose of general comparison. Countries on this list also
may have primary/final energy, electricity, heating/cooling or transport targets (- see Tables R10, R12-R22).

Source: See endnote 19 for this section.
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Table R20. Cumulative Numb

Renewable Energy

Policy Network

for the 21st Century
\

er' of Countries/States/Provinces Enacting Feed-in Policies, and 2016 Revisions

Note: Text in bold indicates new/revised in 2016.

I CUMULATIVE #'

1978 1
1988 2
1990 3
1991 4
1992 5
1993 7
1994 10
1997 1
1998 12
1999 14
2000 14
2001 17
2002 28
2003 29
2004 34
2005 4
2006 46
2007 55
2008 70
2009 81
2010 87
20Mm 94
2012 98
2013 101
2014 104
2015 104
2016 104
eising T

"Cumulative number” refers to number

COUNTRIES/STATES/PROVINCES ADDED THAT YEAR

United States?

Portugal

Germany

Switzerland

[taly

Denmark; India

Luxembourg; Spain; Greece

Sri Lanka

Sweden

Norway; Slovenia

[None identified]

Armenia; France; Latvia

Algeria; Austria; Brazil; Czech Republic; Indonesia; Lithuania

Cyprus; Estonia; Hungary; Slovak Republic; Republic of Korea; Maharashtra (India)
Israel; Nicaragua; Prince Edward Island (Canada); Andhra Pradesh and Madhya Pradesh (India)
China; Ecuador; Ireland; Turkey; Karnataka, Uttar Pradesh and Uttarakhand (India)
Argentina; Pakistan; Thailand; Ontario (Canada); Kerala (India)

Albania; Bulgaria; Croatia; Dominican Republic; Finland; FYR of Macedonia; Moldova; Mongolia;
South Australia (Australia)

Iran; Kenya; Liechtenstein; Philippines; San Marino; Tanzania; Queensland (Australia);
Chhattisgarh, Gujarat, Haryana, Punjab, Rajasthan, Tamil Nadu and West Bengal (India); California
(United States)

Japan; Serbia; South Africa; Ukraine; Australian Capital Territory, New South Wales and Victoria
(Australia); Taipei (China); Hawaii, Oregon and Vermont (United States)

Belarus; Bosnia and Herzegovina; Malaysia; Malta; Mauritius; United Kingdom

Ghana; Montenegro; Netherlands; Syria; Vietnam; Nova Scotia (Canada); Rhode Island (United
States)

Jordan; Nigeria; State of Palestine; Rwanda; Uganda
Kazakhstan; Pakistan

Egypt; Vanuatu; Virgin Islands (United States)
[None identified]

Czech Republic (reinstated)

of jurisdictions that had enacted feed-in policies as of the given year.

2The US PURPA policy (1978) is an early version of the FIT, which has since evolved.

3"Total existing” excludes eight countrie

Africa, Spain, Sweden and the United States) and adds nine countries (Andorra, Honduras, Maldives, Panama, Peru, Poland, Russian Federation, Senegal

s that are known to have subsequently discontinued policies (Brazil, Republic of Korea, Mauritius, Norway, South

and Tajikistan) and five Indian states (Bihar, Himachal Pradesh, Jammu and Kashmir, Jharkhand and Orissa) that are believed to have FITs but with an

unknown year of enactment.

Source: See endnote 20 for this section.
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Table R20. Cumulative Number' of Countries/States/Provinces Enacting Feed-in Policies, and 2016 Revisions (continued)

Note: Text in bold indicates new/revised in 2016, and text in italics indicates policies adopted at the state/provincial level.

2016 FIT POLICY ADJUSTMENTS

Australia - Queensland | Increased size of solar power systems eligible for FIT from 5 kW to 30 kW

204

Canada - Ontario
China

Czech Republic

Denmark

Egypt

France
Germany

Greece

India - Tamil Nadu
Indonesia

Japan

Kenya

Pakistan
Philippines
Slovenia

Ukraine

United Kingdom

Opened fifth round of FIT to new applications

Solar PV FIT rate reduced 13-19% (regionally dependent); FIT for distributed solar PV and offshore
wind unchanged; onshore wind FIT set to decrease by 15% from 2018

FIT reinstated
Introduced FIT for small-scale wind power installations

Solar PV (500 kW to 20 MW) reduced from USD 0136 per kWh to USD 0.078 per kWh; solar PV
(20 MW to 50 MW) reduced from USD 01434 per kWh to USD 0.084 per kWh; wind power reduced from
USD 0.0957-01148 per kWh to USD 0.04 per kWh

FIT restricted to installations of less than 500 kW
FIT restricted to installations of less than 750 kW, 150 kW limit for bio-power installations

FIT expanded to allow small-scale projects and installations on non-interconnected islands to
receive support

Solar PV FIT reduced 27%

Solar FIT increased 70%

Solar FIT reduced 1%

Proposed tenders to replace FIT

Solar FIT reduced 36%

Solar power FIT reduced 10% for second wave of FIT
FIT restricted to installations of less than 500 kW

Rates reduced from EUR 016 per kWh to EUR 015 per kWh for commercial solar power installations
greater than 10 MW

All FIT rates reduced 65%

T"Cumulative number” refers to number of jurisdictions that had enacted feed-in policies as of the given year.

Source: See endnote 20 for this section.
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REN21

Table R21. Cumulative Number' of Countries/States/Provinces Enacting RPS/Quota Policies, and 2016 Revisions

Note: Text in bold indicates new/revised in 2016.

A =B CUMULATIVE #' COUNTRIES/STATES/PROVINCES ADDED THAT YEAR

1983
1994
1996
1997
1998
1999
2000
2001
2002
2003
2004

2005
2006
2007

2008
2009
2010
20M

2012
2013
2014
2015
2016

Total
Existing?

T"Cumulative number” refers to the number of jurisdictions that had enacted RPS/quota policies as of the given year. Jurisdictions are listed under the year of
first policy enactment. Many policies shown have been revised or renewed in subsequent years, and some policies shown may have been repealed or lapsed.

1

© O W N

39
40
46

53
54
57
59
60
60
60
62
62

100

lowa (United States)

Minnesota (United States)

Arizona (United States)

Maine, Massachusetts, Nevada (United States)

Connecticut, Pennsylvania, Wisconsin (United States)

Italy; New Jersey, Texas (United States)

New Mexico (United States)

Australia; Flanders (Belgium)

United Kingdom; Wallonia (Belgium); California (United States)
Japan; Portugal; Sweden; Maharashtra (India)

Poland; Nova Scotia, Ontario and Prince Edward Island (Canada); Andhra Pradesh, Karnataka,
Madhya Pradesh, Orissa (India); Colorado, Hawaii, Maryland, New York, Rhode Island (United
States)

Gujarat (India); Delaware, District of Columbia, Montana (United States)
Washington State (United States)

China; lllinois, New Hampshire, North Carolina, Northern Mariana Islands, Oregon (United
States)

Chile; India; Philippines; Romania; Michigan, Missouri, Ohio (United States)
Kansas (United States)

Republic of Korea; British Columbia (Canada); Puerto Rico (United States)
Albania; Israel

Norway

[None identified]

[None identified]

Vermont, US Virgin Islands (United States)

[None identified]

2"Total existing” adds 40 jurisdictions believed to have RPS/Quota policies but whose year of enactment is not known (Belarus, Ghana, Indonesia,

Kyrgyzstan, Lithuania, Malaysia, Palau, Peru, Senegal, South Africa, Sri Lanka, United Arab Emirates, the Indian states of Arunchal Pradesh, Assam, Bihar,

Chhattisgarh, Goa, Haryana, Himachal Pradesh, Jammu and Kashmir, Jharkhand, Kerala, Manipur, Meghalaya, Mizoram, Nagaland, Punjab, Rajasthan,

Tamil Nadu, Tripura, Uttarakhand, Uttar Pradesh and West Bengal and the Indian Union Territories of Andaman and Nicobar Islands, Chandigarh, Dadra
and Nagar Haveli, Daman and Diu, Delhi, Lakshadweep and Puducherry) and excludes Italy, which phased out its RPS in 2012, and the US state of Kansas
which downgraded its RPS to a voluntary goal in 2015. In the United States, there are nine additional states and territories with policy goals that are not

legally binding RPS policies (Guam, Indiana, Kansas, North Dakota, Oklahoma, South Carolina, South Dakota, Utah and Virginia). West Virginia's non-
binding goal was repealed in 2015. Three additional Canadian provinces also have non-binding policy goals (Alberta, Manitoba and Québec).

Source: See endnote 21 for this section.
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Table R22. Renewable Energy Auctions Held in 2016 by Country/State/Province

COUNTRY

Argentina

Chile
China
El Salvador

France
Germany
Greece
India
Indonesia
Iraq

Israel

Jordan

Malawi
Mexico
Morocco
Netherlands

Palestine, State of
Poland

Saudi Arabia
Suriname
Turkey

Zambia

COUNTRY STATE/PROVINCE TECHNOLOGY

New South Wales
Alberta

Tamil Nadu

Dubai

Abu Dhabi

Australia
Canada

India

United Arab Emirates

TECHNOLOGY

Bio-power (biomass)
Bio-power (biogas)
Small-scale hydropower
Solar PV

Wind power
Non-technology-specific
Non-technology-specific
Solar PV

Wind power

Solar PV

Solar PV

Solar PV

Solar PV

Geothermal power
Solar PV

Solar PV

Solar power

Wind power

Solar PV

Solar and wind power
Non-technology-specific
Solar PV

Wind power (offshore)

Solar PV
Solar PV
Solar PV
Solar PV
Solar PV
Solar PV

DESCRIPTION

15 MW awarded in 2016

9 MW awarded in 2016

11 MW awarded in 2016

916 MW awarded in 2016

146 GW awarded in 2016

12,430 GWh offered in 2016

5.5 GW of renewable energy capacity in 2016

100 MW

50 MW

3 GW of solar through six 500 MW application rounds to be held until 2019
400 MW cumulative capacity offered in 2016

40 MW of small-scale projects

1GW

680 MW

50 MW

At least 1 GW, as well as 500 MW in the Negev desert and 40 MW in Ashalim
200 MW offered in 2016

100 MW offered in 2016

4 solar PV plants with a cumulative capacity of 70 MW
8,909 GWh awarded in 2016

1 GW of large-scale renewable energy projects

179 MW awarded in spring Simulation of Sustainable Energy Production (SDE+)
scheme, 2.5 GW bids in fall SDE+ scheme

700 MW of capacity awarded in July 2016; 680 MW of capacity awarded in
December 2016

100 MW offered in 2016

100 MW of small-scale projects

100 MW offered in 2016

500 kW solar PV plant with battery storage awarded in 2016
1 GW offered in 2016

100 MW offered in 2016

DESCRIPTION

Renewable energy 173 GWh per year

Renewable energy 400 MW
Solar PV 500 MW
Solar PV 800 MW
Solar PV 350 MW

"It is not always possible to determine whether municipal solid waste (MSW) data include non-organic waste (plastics, metal, etc.) or only the organic

biomass share.

Note: Table R22 provides an overview of identified renewable energy tenders in 2016 and likely does not constitute a comprehensive picture of all capacity
offered through tenders during the year.

Source: See endnote 22 for this section.
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Table R23. Heating and Cooling from Renewable Sources, Targets and 2015 Shares

SHARE
COUNTRY (2015)
Austria 32%
Belgium 76%
Bhutan
Bulgaria 28.6%
China
Croatia 38.6%
Cyprus 22.5%
Czech 19.8%
Republic
Denmark 39.6%
Estonia 49.6%
Finland 52.8%
France 19.8%
Germany 12.9%
Greece 25.9%
Hungary 21.3%
India
Ireland 6.4%
[taly 19.2%
Jordan
Kenya
Kosovo'
Latvia 51.8%
LLebanon
Libya
Lithuania 461%
Luxembourg | 6.9%

TARGET

32.6% by 2020
1.9% by 2020

Solar thermal:
3 MW equivalent by 2025

24% renewables in total heating
and cooling by 2020

Solar thermal: 800 m? by 2020
19.6% by 2020

23.5% by 2020

141% by 2020

39.8% by 2020
38% by 2020
47% by 2020
38% by 2030
14% by 2020
20% by 2020
18.9% by 2020

Solar water heating: 5.6 GWi
(8 million m?) of new capacity to be
added 2012-2017

15% by 2020
171% by 2020

Bioenergy: 5,670 ktoe for heating
and cooling by 2020

Geothermal: 300 ktoe for heating
and cooling by 2020

Solar water and space heating:
1,586 ktoe by 2020

Solar water heating: systems for
30% of households by 2020

Solar water heating: 60% of annual
demand for buildings that use over 100
litres of hot water per day (no date)
45,65% by 2020

53.4% by 2020

15% renewables in gross final
consumption in power and heating
by 2030

Solar water heating: 80 MW by
2015; 250 MW, by 2020

39% by 2020

8.5% renewables in gross final
consumption in heating and cooling
by 2020

TKosovo is not a member of the United Nations.

SHARE
COUNTRY (2015)
Macedonia,
FYR of
Malawi
Malta 141%
Mexico
Moldova
Montenegro 68.6%
Morocco
Mozambique
Netherlands 5.5%
Poland 14.3%
Portugal 33.4%
Romania 25.9%
Serbia
Sierra Leone
Slovak 10.8%
Republic
Slovenia 341%
Spain 16.8%
Sweden 69.6%
Thailand
Uganda
Ukraine
United 5.5%
Kingdom

REN21

TARGET

11% by 2020

Solar water heating: produce 2,000
solar water heaters (no date);
increase total installed to 20,000
by 2030

6.2% by 2020

Solar water heating: Install 18.2
million m? of collectors by 2027

27% by 2020
38.2% by 2020

Solar water heating: 1.2 GWin
(1.7 million m?) by 2020

Solar water and space heating:
100,000 systems installed in rural
areas (no date)

8.7% by 2020
17% by 2020
30.6% by 2020
22% by 2020
30% by 2020

Solar water heating: 2% penetration
in hotels, guest houses and
restaurants by 2020; 5% by 2030

Solar water heating: 1% penetration
in the residential sector by 2030

14.6% by 2020

30.8% by 2020

18.9% by 2020

Bioenergy: 4,653 ktoe by 2020
Geothermal: 9.5 ktoe by 2020
Heat pumps: 50.8 ktoe by 2020

Solar water and space heating:
644 ktoe by 2020

62.1% by 2020

Bioenergy: 8,200 ktoe by 2022
Biogas: 1,000 ktoe by 2022
Organic MSW?: 35 ktoe by 2022

Solar water heating: 300,000 systems
in operation and 100 ktoe by 2022

Solar water heating: 21 MWi
(30,000 m?2) by 2017

12.4% by 2020
12% by 2020

21t is not always possible to determine whether municipal solid waste (MSW) data include non-organic waste (plastics, metal, etc.) or only the organic biomass share.

Note: Targets refer to share of renewable heating and cooling in total energy supply unless otherwise noted. Historical targets have been added as they are
identified by REN21. Only bolded targets are new/revised in 2016. A number of nations have already exceeded their renewable energy targets. In many
of these cases, targets serve as a floor setting the minimum share of renewable heat for the country. Table R23 includes targets established under EU
National Renewable Energy Action Plans. Because heating and cooling targets are shares and are not standardised across countries, the table presents a
variety of targets for the purpose of general comparison.

Source: See endnote 23 for this section.
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Table R24. Transportation Energy from Renewable Sources, Targets and 2015 Shares

Note: Text in bold indicates new/revised in 2016, brackets '[]' indicate previous targets where new targets were enacted, and text in italics indicates policies
adopted at the state/provincial level.

COUNTRY SHARE

EU-28
Albania 0%
Austria 1%
Belgium 3.8%
Wallonia
Bulgaria 6.5%
Croatia 3.5%
Cyprus 2.5%
Czech Republic 6.5%
Denmark 6.7%
Estonia 04%
Finland 22%
France 8.5%
Germany 6.8%
Greece 14%
Hungary 6.2%
Iceland 57%
Ireland 6.5%
[taly 6.4%
Latvia 3.9%
Liberia
Lithuania 4.6%
Luxembourg 6.5%
Malta 4.7%
Macedonia,
FYR of
Moldova
Montenegro
Netherlands 5.3%

TARGET

10% of EU-wide transport final
energy demand by 2020

10% by 2020
11.4% by 2020
10% by 2020
1014% by 2020
1% by 2020
10% by 2020
4.9% by 2020
10.8% by 2020
10% by 2020
10% by 2020

30% biofuel blending and
40% renewable transport
fuel use by 2030

[20% by 2020]

15% by 2020

20% by 2020

101% by 2020

10% by 2020

10% by 2020

10% by 2020

101% (2,899 ktoe) by 2020
10% by 2020

5% palm oil blends in
transport fuel by 2030

10% by 2020
10% by 2020
10.7% by 2020
2% by 2020

LR R 2 R S e 2
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+

20% by 2020
- 10.2% by 2020
> 10% by 2020

TETBE is a form of biofuel produced from ethanol and isobutylene.

COUNTRY SHARE

Norway 8.9%
Poland 6.4%
Portugal 7.4%
Qatar

Romania 5.5%
Serbia

Slovak Republic 8.5%
Slovenia 2.2%
Spain 1.7%
Sri Lanka

Sweden 24%
Thailand

Uganda

Ukraine

United Kingdom 4.4%

Vietnam

TARGET

220% by 2020 [10% by 2020]
- 20% by 2020

> 10% by 2020

> 10% by 2020

> 10% by 2020

> 10% by 2020

> 10% by 2020

- 10.5% by 2020

- 11.3% from biodiesel by 2020
>

2,313 ktoe ethanol/bio-
ETBE' by 2020

4.7 GWh per year electricity
in transport by 2020

(501 ktoe from renewable
sources by 2020)

- 20% from biofuels by 2020

N2

- Vehicle fleet independent
from fossil fuels by 2030

= 9 million litres per day
ethanol consumption by
2022

- 6 million litres per day
biodiesel consumption by
2022

= 25 million litres per
day advanced biofuels
production by 2022

= 2,200 million litres per year
biofuels consumption by
2017

» 10% by 2020
> 10.3% by 2020

- 5% of transport petroleum
energy demand by 2025

Note: Targets refer to share of renewable transport in total energy supply unless otherwise noted. Historical targets have been added as they are identified
by REN21. Only bolded targets are new/revised in 2016. A number of nations have already exceeded their renewable energy targets. In many of these
cases, targets serve as a floor setting the minimum share of renewable energy for the country. Panama has an additional target for 30% of new vehicle
purchases for public fleets to be flex-fuel (no date).

Source: See endnote 24 for this section.
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Table R25. National and State/Provincial Biofuel Blend Mandates, 2016

Note: Text in bold indicates new/revised in 2016, brackets '[]' indicate previous mandates where new mandates were enacted, and text in italics indicates
mandates adopted at the state/provincial level.

COUNTRY MANDATE

Angola

Argentina

Australia

New South Wales
Queensland

Belgium

Brazil

Canada
Alberta
British Columbia
Manitoba
Ontario
Saskatchewan
China’
Colombia
Costa Rica
Ecuador
Ethiopia
Guatemala
India
Indonesia

[taly

Jamaica

Korea, Republic of
Malawi
Malaysia
Mexico
Mozambique
Norway
Panama

Paraguay

E10

E10 [E5] and B10

[no national mandate]
E6 and B2

E3 by July 2017; E4 by July 2018 and B0.5

E4 and B4

E27 and B8 by 2017; B9 by 2018;
B10 by 2019

E5 and B2

E5 and B2

E5 and B4

E8.5and B2

E5, B2 and B3 by 2016, B4 by 2017
E75 and B2

E10 in nine provinces, B1in Taipei
E8 and B10

E7 and B20

B5 and E10, E5 in 2016

E10

E5

E22.5 and B15 [E10]

E3, B20 [B5]

0.6% advanced biofuels blend by 2018;

1% by 2022

E10

B2.5; B3 by 2018

E10

E10 and B10

E5.8

E15 in 2016-20; E20 from 2021
B3.5

E10 [E7]

E25 and B1

REN21

COUNTRY MANDATE

Peru
Philippines
South Africa
Sudan
Thailand
Turkey
Ukraine

United States

Louisiana
Massachusetts
Minnesota

Hawaii, Missouri
and Montana

New Mexico
Oregon

Pennsylvania

Washington

Uruguay
Vietnam

Zimbabwe

'Chinese provincial mandates include Anhui, Heilongjian, Henan, Jilin and Liaoning.

2Qriginal target(s) set in gallons and converted to litres for consistency.

E78 and B2

E10 and B2

E2 and B5 (targets came into force in 2015)
E5

E5 and B7

E2

E5; E7 by 2017

Renewable Fuel Standard (RFS)

2016 standards: 68.6 billion litres total
renewable fuels, including 871 million
litres cellulosic biofuel, 7.2 billion litres
biodiesel, 137 billion litres advanced
biofuel; 2017 standards: 73 billion litres
renewable fuels, including 1.2 billion
litres cellulosic biofuel, 7.8 billion litres
biomass-based diesel, 16.2 billion
litres advanced biofuel; 7.9 billion litres
biomass-based diesel fuel in 20182

E2 and B2

B5

E20 and B10

ET0

B5
E10 and B5

B2 one year after 200 million gallons, and
B20 one year after 1.5 billion litres (400
million gallons)?

E2 and B2, increasing to B5 180 days after
in-state feedstock, and oil-seed crushing
capacity can meet 3% requirement

E5 and B5
E5
E15 [E5]

Note: 'E' refers to bioethanol and ‘B’ refers to biodiesel. Chile has targets of E5 and B5 but has no current blending mandate. The Dominican Republic
has targets of B2 and E15 for 2015 but has no current blending mandate. Fiji approved voluntary B5 and E10 blending in 2011 with a mandate expected.
The Kenyan city of Kisumu has an E10 mandate. Table R25 lists only biofuel blend mandates; transport and biofuel targets can be found in Table R24.

Source: See endnote 25 for this section.
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Table R26. City and Local Renewable Energy Targets: Selected Examples

Note: Text in bold indicates new/revised in 2016, and brackets '[]' indicate previous targets where new targets were enacted.

TARGETS FOR 100% OF TOTAL ENERGY OR ELECTRICITY FROM RENEWABLES

TARGET DATE TARGET DATE
FOR 100% TOTAL ENERGY FOR 100% ELECTRICITY
Australian Capital Territory, Australia 2020
Boulder, Colorado, United States 2030
Burlington, Vermont, United States Achieved in 2014
Byron Shire County, Australia 2025
Coffs Harbour, Australia 2030
Copenhagen, Denmark 2050
Frankfurt, Germany 2050
Fukushima Prefecture, Japan 2040
Greensburg, Kansas, United States Achieved in 2015
Hamburg, Germany 2050
Jeju Self Governing Province, Republic of Korea 2030
Lancaster, California, United States 2020
Malmé, Sweden 2030
Munich, Germany 2025
Osnabrueck, Germany 2030
Oxford County, Australia 2050
Palo Alto, California, United States [no date given]
Rochester, Minnesota, United States 2031
Salt Lake City, Utah, United States 2032
San Diego, California, United States 2035
San Francisco, California, United States 2020
San Jose, California, United States 2022
Seattle, Washington, United States [no date given]
Skellefted, Sweden 2020
Senderborg, Denmark 2029
St. Petersburg, Florida, United States [no date given]
Sydney, Australia 2030
Ulm, Germany 2025
Uralla, Australia [no date given]
Vancouver, Canada 2050
Vaxjo, Sweden 2030
OF TOTAL ENERGY, ALL CONSUMERS OF ELECTRICITY, ALL CONSUMERS
Austin, Texas, United States = & 65% by 2025 Amsterdam, Netherlands - 25% by 2025; 50% by 2040
Calgary, Alberta, Canada - 30% by 2036 Austin, Texas, United States | & 35% by 2020
Cape Town, South Africa Canberra, Australian - 90% by 2020
Howrah, India > 10% by 2018 Capital Territory, Australia
Nagano Prefecture, Japan = = 70% by 2050 Cape Town, South Africa = - 20% by 2020 [15% by 2020]
Oaxaca, Mexico > 5% by 2017 Nagano Prefecture, Japan = = 10% by 2020; 20% by 2030;
. 30% by 2050
Paris, France - 25% by 2020
3 ) Nelson Mandela Bay - 10% by 2020
Skellefte, Sweden - Net exporter of biomass, Metropolitan Municipality,
hydro or wind energy by 2020 South Africa
Taipei City, Taipei, China = 12% by 2020
Tokyo, Japan - 30% by 2030

[24% by 2024]
Wellington, New Zealand - 78-90% by 2020
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Table R26. City and Local Renewable Energy Targets: Selected Examples (continued)

I

Renewable Energy
Policy Network
for the 21st Century

Note: Text in bold indicates new/revised in 2016, and brackets '[]' indicate previous targets where new targets were enacted.

TARGET FOR RENEWABLE ELECTRIC CAPACITY

OR GENERATION

Adelaide, Australia

Esklistuna, Sweden

Gothenburg, Sweden

Los Angeles, California,

United States

New York, New York,
United States

San Francisco, California,

United States

- 2 MW of solar PV on residential
and commercial buildings by
2020

- 48 GWh from wind power, 9.5
GWh from solar PV by 2020

- 500 GWh by 2030
= 1.3 GW of solar PV by 2020

- 1GW solar power and 100
MWh energy storage by 2020
[350 MW of solar PV by 2024]

- 100% of peak demand
(950 MW) by 2020

TARGETS FOR GOVERNMENT SELF-GENERATION/

OWN-USE PURCHASES OF RENEWABLE ENERGY

Belo Horizonte,
Brazil

Calgary, Alberta,
Canada

Cockburn,
Australia

Ghent, Belgium

Hepburn Shire,
Australia

Kristianstad, Sweden
Malmo, Sweden

Portland, Oregon,
United States

Sydney, Australia

>

30% of electricity from solar
PV by 2030

100% of government
operations by 2025

20% of final energy in city
buildings by 2020

50% of final energy by 2020

100% of final energy in public
buildings; 8% of electricity for
public lighting

100% of final energy by 2020

- 100% of final energy by 2020

100% of final energy by 2030

100% of electricity in buildings;
20% for street lamps

HEAT-RELATED MANDATES AND TARGETS

Amsterdam, Netherlands

Chandigarh, India

Helsingborg, Sweden

Loures, Portugal

Munich, Germany

Nantes, France

New York, New York,
United States

Oslo, Norway
Osnabrlck, Germany
Taby, Sweden

Vienna, Austria

District heating for at least 200,000 houses by 2040 (using biogas, woody biomass and waste heat)

Mandatory use of solar water heating in industry, hotels, hospitals, prisons, canteens, housing complexes,
and government and residential buildings (as of 2013)

100% renewable energy district heating (community-scale) by 2035

Solar thermal systems mandated as of 2013 in all sports facilities and schools that have good sun

exposure

80% reduction of heat demand by 2058 (base 2009) through passive solar design (includes heat,

process heat and water heating)

Extend the district heating system to source heat from biomass boilers for half of city inhabitants by 2017
Biofuel blend in heating oil equivalent to 2% by 2016, 5% by 2017, 10% by 2025, and 20% by 2034

Phase out fossil fuels and transition to electric heating in homes and offices by 2020’

100% renewable heat by 2050

100% renewable heat in local government operations by 2020

50% of total heat demand with solar thermal energy by 2050

"Norway's share of renewable electricity production to electricity consumption was 106% in 2015.

Note: Table R26 provides a sample of local renewable energy commitments worldwide. It does not aim to present a comprehensive picture of all municipal
renewable energy goals.

Source: See endnote 26 for this section.
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METHODOLOGICAL NOTES

This 2017 report is the 12th edition of the Renewables Global
Status Report (GSR), which has been produced annually since
2005 (with the exception of 2008). Readers are directed to the
previous GSR editions for historical details.

Most 2016 data’ for national and global capacity, output, growth
and investment portrayed in this report are preliminary. Where
necessary, information and data that are conflicting, partial
or older are reconciled by using reasoned expert judgment.
Endnotes provide additional details, including references,
supporting information and assumptions where relevant.

Each edition draws from thousands of published and unpublished
references, including: official government sources; reports from
international organisations and industry associations; input from
the GSR community via hundreds of questionnaires submitted
by country, regional and technology contributors as well as
feedback from several rounds of formal and informal reviews;
additional personal communications with scores of international
experts; and a variety of electronic newsletters, news media and
other sources.

Much of the data found in the GSR is built from the ground
up by the authors with the aid of these resources. This often
involves extrapolation of older data, based on recent changes in
key countries within a sector or based on recent growth rates
and global trends. Other data, often very specific and narrow in
scope, come more-or-less prepared from third parties. The GSR
attempts to synthesise these data points into a collective whole
for the focus year.

The GSR endeavours to provide the best data available in each
successive edition; as such, data should not be compared with
previous versions of this report to ascertain year-by-year changes.

Note on Accounting and Reporting

A number of issues arise when counting renewable energy
capacities and energy output. Some of these are discussed
below:

1. Capacity versus Energy Data

The GSR aims to give accurate estimates of capacity additions
and totals, as well as of electricity, heat and transport fuel
production in the past year. These measures are subject to some
uncertainty, which varies by technology. The chapter on Market
and Industry Trends includes estimates for energy produced
where possible, but it focuses mainly on power or heat capacity
data. This is because capacity data generally can be estimated
with a greater degree of confidence than generation data. Official
heat and electricity generation data often are not available within
the production time frame of the GSR.

2. Constructed Capacity versus Connected Capacity and
Operational Capacity

Over the past few years, the solar PV and wind power markets
have seen increasing amounts of capacity that was connected
to the electricity grid but not yet deemed officially operational, or
constructed capacity that was not connected to the grid by year's
end. This phenomenon has been particularly evident for wind
power installations in China (2009-2016). Starting with the 2012
edition, the GSR has aimed to count only capacity additions that
were grid-connected or that otherwise went into service (e.g.,
capacity intended for off-grid use) during the previous calendar
(focus) year. However, there may be exceptions related to data
availability and other factors (as with China, for example). Known
deviations to this approach are outlined in the text or endnotes for
the technology sections.

3. Renewable Energy Shares of Total Final Energy
Consumption (TFEC)

Renewable energy shares of TFEC are estimated by drawing on
various data sources. TFEC in the target year is estimated by
applying the one-year growth rate in primary energy demand
(from the latest available version of BP's Statistical Review of
World Energy) to the TFEC in the previous year (from the IEA's
World Energy Statistics and Balances). Renewable energy
consumption in the target year is based on various sources and
is not necessarily internally consistent with estimates of the same
in the IEA's statistics for the preceding year (which constitute
the basis for estimating TFEC in the target year). Apportioning
of renewable heat and electricity output for estimating total
renewable energy consumption is not based on the share of
renewables in gross production. Instead, the allocation of final
consumption of electricity to renewables assumes electricity
transmission losses and industry’'s own use of electricity to
amount to 7% of gross generation.

See relevant endnotes for more-detailed information regarding
sources and methodologies.

For information on renewable energy data and related challenges, see Sidebar 4 in GSR 2015 and Sidebar 1in GSR 2014.
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4. Other General Notes on Capacity Data

Data on capacity retirements and replacements (re-powering)
are incomplete for many technologies, although data on several
technologies do attempt to account for these directly. It is not
uncommon for reported new capacity installations to exceed the
implied net increase in cumulative capacity; in some instances,
this is explained by revisions to data on installed capacity, while in
others it is due to capacity retirements and replacements.

5. Bio-power Data

Given existing complexities and constraints (= see Figure 6 in
GSR 2015, and Sidebar 2 in GSR 2012), the GSR strives to provide
the best and latest available data regarding biomass energy
developments. The reporting of biomass-fired combined heat
and power (CHP) systems varies among countries; this adds
to the challenges experienced when assessing total heat and
electricity capacities and total bioenergy outputs. Wherever
possible, the bio-power data presented include capacity and
generation from both electricity-only and CHP systems using
solid biomass, landfill gas, biogas and liquid biofuels.

6. Hydropower Data and Treatment of Pumped Storage

Starting with the 2012 edition, the GSR has made an effort to
report hydropower generating capacity without including pure
pumped storage capacity (the capacity used solely for shifting
water between reservoirs for storage purposes). The distinction
is made because pumped storage is not an energy source but
rather a means of energy storage. It involves conversion losses
and potentially is fed by all forms of electricity, renewable and
nonrenewable.

Some conventional hydropower facilities do have pumping
capability that is not separate from, or additional to, their normal
generating capability. These facilities are referred to as "mixed”
plants and are included, to the extent possible, with conventional
hydropower data. It is the aim of the GSR to distinguish and
separate only the pure (or incremental) pumped storage
component.

Where the GSR presents data for renewable power capacity
not including hydropower, the distinction is made because
hydropower remains the largest single component by far of
renewable power capacity, and thus can mask developments
in other renewable energy technologies if included. Investments
and jobs data separate out large-scale hydropower statistics
where original sources use different methodologies for tracking
or estimating values. Footnotes and endnotes provide additional
details.
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7. Solar PV Capacity Data

The capacity of a solar PV panel is rated according to direct
current (DC) output, which is most cases must be converted
by inverters to alternating current (AC) to be compatible with
end-use electricity supply. No single equation is possible for
calculating solar PV data in AC because conversion depends on
many factors, including the inverters used, shading, dust build-up,
line losses and temperature effects on conversion efficiency.
Residential systems typically have a ratio of 1:1, whereas utility-
scale projects have ratios of as high as 1.4:1, with commercial
installations in between.

This report attempts to report all solar PV capacity data on
the basis of DC output (where data are provided in AC, this is
specified) for consistency across countries. Some countries
(e.g., Canada, Chile, Japan since 2012, and Spain) report official
capacity data on the basis of output in alternating current (AC);
these capacity data were converted to direct current (DC)
output by data providers (see relevant endnotes) for the sake of
consistency. Global capacity totals in this report include solar PV
data in DC; as with all statistics in this report, they should be
considered as indicative of global capacity and trends rather than
as exact statistics'.

8. Solar Thermal Heat Data

Starting with GSR 20714, the GSR includes all solar thermal
collectors that use water as the heat transfer medium (or heat
carrier) in global capacity data and ranking of top countries.
Previous GSRs focused primarily on glazed water collectors
(both flat plate and evacuated tube); the GSR now also includes
unglazed water collectors, which are used predominantly for
swimming pool heating. Data for solar air collectors (solar thermal
collectors that use air as the heat carrier) and concentrating
collectors mainly used for industrial applications (worldwide) or
cooking (India) are far more uncertain, and these collector types
play a minor role in the market overall. Solar thermal air collectors
are included where specified.

9. Other

Editorial content of this report closed by 15 May 2017 for
technology data, and by 1 May 2017 or earlier for other content.
The Policy Landscape chapter covers policy developments
through the end of 2016.

Growth rates in the GSR are calculated as compound annual
growth rates (CAGR) rather than as an average of annual growth
rates.

All exchange rates in this report are as of 31 December 2016 and
are calculated using the OANDA currency converter (http://
www.oanda.com/currency/converter/).

Corporate domicile, where noted, is determined by the location
of headquarters.

i Based in part on information drawn from International Energy Agency Photovoltaic Systems Programme (IEA PVPS), Trends in Photovoltaic
Applications, 2016: Survey Report of Selected IEA Countries Between 1992 and 2015 (Paris: 2016), p. 7; from Gaétan Masson, Becquerel Institute and IEA
PVPS, personal communication with REN21, May 2017; and from Dave Renné, International Solar Energy Society, personal communication with REN21,

March 2017.
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Absorption chillers. Chillers that use heat energy from any
source (solar, biomass, waste heat, etc.) to drive air conditioning or
refrigeration systems. The heat source replaces the electric power
consumption of a mechanical compressor. Absorption chillers
differ from conventional (vapour compression) cooling systems in
two ways: 1) the absorption process is thermochemical in nature
rather than mechanical, and 2) the substance that is circulated
as a refrigerant is water rather than chlorofluorocarbons (CFCs)
or hydrochlorofluorocarbons (HCFCs), also called Freon. The
chillers generally are supplied with district heat, waste heat or
heat from co-generation, and they can operate with heat from
geothermal, solar or biomass resources.

Adsorption chillers. Chillers that use heat energy from any
source to drive air conditioning or refrigeration systems. They differ
from absorption chillers in that the adsorption process is based
on the interaction between gases and solids. A solid material in
the chiller's adsorption chamber releases refrigerant vapour when
heated; subsequently, the vapour is cooled and liquefied, providing
a cooling effect at the evaporator by absorbing external heat and
turning back into a vapour, which is then re-adsorbed into the solid.

Bagasse. The fibrous matter that remains after extraction of
sugar from sugar cane.

Auction. (See Tendering.)

Behind-the-meter system. Any generation capacity, storage
or demand management device on the customer side of the
interface with the distribution grid.

Biodiesel. A fuel produced from oilseed crops such as soy,
rapeseed (canola) and palm oil, and from other oil sources
such as waste cooking oil and animal fats. Biodiesel is used in
diesel engines installed in cars, trucks, buses and other vehicles,
as well as in stationary heat and power applications. Also see
Hydrotreated vegetable ail.

Bioenergy. Energy derived from any form of biomass (solid,
liquid or gaseous) for heat, power and transport. (See Biofuel.)

Biofuel. A fuel derived from biomass that may include liquid
fuel ethanol and biodiesel, as well as biogas. Biofuels can be
combusted in vehicle engines as transport fuels and in stationary
engines for heat and electricity generation. They also can be used
for domestic heating and cooking (for example, as ethanol gels).
Advanced biofuels are made from feedstocks derived from the
lignocellulosic fractions of biomass sources or from algae. They
are made using non-traditional biochemical and thermochemical
conversion processes.

Biogas/Biomethane. Biogas is a gaseous mixture
consisting mainly of methane and carbon dioxide produced
by the anaerobic digestion of organic matter (broken down by
microorganisms in the absence of oxygen). Organic material
and/or waste is converted into biogas in a digester. Suitable
feedstocks include agricultural residues, animal wastes, food
industry wastes, sewage sludge, purpose-grown green crops
and the organic components of municipal solid wastes. Raw
biogas can be combusted to produce heat and/or power; it also
can be transformed into biomethane through a process known
as scrubbing that removes impurities including carbon dioxide,

siloxanes and hydrogen sulphides, followed by compression.
Biomethane can be injected directly into natural gas networks
and used as a substitute for natural gas in internal combustion
engines without fear of corrosion.

Biomass. Any material of biological origin, excluding fossil
fuels or peat, that contains a chemical store of energy (originally
received from the sun) and that is available for conversion to a
wide range of convenient energy carriers.

Biomass energy, modern. Energy derived from combustion of
solid, liquid and gaseous biomass fuels in high-efficiency conversion
systems, which range from small domestic appliances to large-scale
industrial conversion plants. Modern applications include heat and
electricity generation, combined heat and power (CHP) and transport.

Biomass, traditional. Solid biomass including fuel wood, charcoal,
agricultural and forest residues, and animal dung, that typically
is used in rural areas of developing countries with traditional
technologies such as open fires for cooking, kilns, and ovens for
cooking and residential heating as well as small-scale agricultural
and industrial processing. Often the use of traditional biomass leads
to high pollution levels, forest degradation and deforestation.

Biomass pellets. Solid biomass fuel produced by compressing
pulverised dry biomass, such as waste wood and agricultural
residues. Pellets typically are cylindrical in shape with a diameter
of around 10 millimetres and a length of 30-50 millimetres.
Pellets are easy to handle, store, and transport and are used as
fuel for heating and cooking applications, as well as for electricity
generation and CHP. (Also see Torrefied wood.)

Building codes and standards. Rules specifying the minimum
standards for buildings and other structures for increasing
energy efficiency. These can refer to new and/or renovated and
refurbished buildings.

Capacity. The rated capacity of a heat or power generating plant,
which refers to the potential instantaneous heat or electricity
output, or the aggregate potential output of a collection of such
units (such as a wind farm or set of solar panels). Installed capacity
describes equipment that has been constructed, although it may
or may not be operational (e.g.,, delivering electricity to the grid,
providing useful heat or producing biofuels).

Capacity factor. The ratio of the actual output of a unit of
electricity or heat generation over a period of time (typically one
year) to the theoretical output that would be produced if the unit
were operating without interruption at its rated capacity during
the same period of time.

Capital subsidy. A subsidy that covers a share of the upfront
capital cost of an asset (such as a solar water heater). These include,
for example, consumer grants, rebates or one-time payments by a
utility, government agency or government-owned bank.

Combined heat and power (CHP) (also called
co-generation). CHP facilities produce both heat and power
from the combustion of fossil and/or biomass fuels, as well as
from geothermal and solar thermal resources. The term also is
applied to plants that recover "waste heat” from thermal power
generation processes.

Community energy. An approach to renewable energy
development that involves a community initiating, developing,
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operating, owning, investing and/or benefiting from a project.
Communities vary in size and shape (e.g., schools, neighbourhoods,
partnering city governments, etc.); similarly, projects vary in
technology, size, structure, governance, funding and motivation.

Competitive bidding. (See Tendering.)

Concentrating photovoltaics (CPV). Technology that uses
mirrors or lenses to focus and concentrate sunlight onto a
relatively small area of photovoltaic cells that generate electricity
(see Solar photovoltaics). Low-, medium- and high-concentration
CPV systems (depending on the design of reflectors or lenses
used) operate most efficiently in concentrated, direct sunlight.

Concentrating solar thermal power (CSP) (also called
concentrating solar power or solar thermal electricity, STE).
Technology that uses mirrors to focus sunlight into an intense
solar beam that heats a working fluid in a solar receiver, which
then drives a turbine or heat engine/generator to produce
electricity. The mirrors can be arranged in a variety of ways, but
they all deliver the solar beam to the receiver. There are four types
of commercial CSP systems: parabolic troughs, linear Fresnel,
power towers and dish/engines. The first two technologies are
line-focus systems, capable of concentrating the sun’s energy to
produce temperatures of 400°C, while the latter two are point-
focus systems that can produce temperatures of 800°C or higher.

Conversion efficiency. The ratio between the useful energy
output from an energy conversion device and the energy input
into it. For example, the conversion efficiency of a PV module
is the ratio between the electricity generated and the total solar
energy received by the PV module. If 100 kWh of solar radiation
is received and 10 kWh electricity is generated, the conversion
efficiency is 10%.

Crowdfunding. The practice of funding a project or venture
by raising money - often relatively small individual amounts -
from a relatively large number of people (‘crowd”), generally
using the Internet and social media. The money raised through
crowdfunding does not necessarily buy the lender a share in the
venture, and there is no guarantee that money will be repaid if
the venture is successful. However, some types of crowdfunding
reward backers with an equity stake, structured payments and/
or other products.

Curtailment. A reduction in the output of a generator, typically on
an involuntary basis, from what it could produce otherwise given
the resources available. Curtailment of electricity generation has
long been a normal occurrence in the electric power industry and
can occur for a variety of reasons, including a lack of transmission
access or transmission congestion.

Degression. A mechanism built into policy design establishing
automatic rate revisions, which can occur after specific thresholds
are crossed (e.g., after a certain amount of capacity is contracted,
or a certain amount of time passes).

Demand-side energy management. Primarily, the pursuit of
cost-effective energy efficiency measures on the customer side
for least-cost overall energy system optimisation. Also includes
demand-side load shifting and conservation measures.

Distributed generation. Generation of electricity from
dispersed, generally small-scale systems that are close to the
point of consumption.
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Distributed renewable energy. Energy systems are considered
to be distributed if 1) the systems of production are relatively
small and dispersed (such as small-scale solar PV on rooftops),
rather than relatively large and centralised; or 2) generation and
distribution occur independently from a centralised network.
Specifically for the purpose of the chapter on Distributed
Renewable Energy for Energy Access, “distributed renewable
energy” meets both conditions. It includes energy services for
electrification, cooking, heating and cooling that are generated
and distributed independent of any centralised system, in urban
and rural areas of the developing world.

Distribution grid. The portion of the electrical supply
distribution network that takes power off the transmission
network via substations and feeds electricity at varying voltages
to customers.

Electric vehicle (EV) (also called electric drive vehicle).
A vehicle that uses one or more electric motors for propulsion.
A battery electric vehicle is a type of EV that uses chemical
energy stored in rechargeable battery packs. A plug-in hybrid
EV can be recharged by an external source of electric power.
Fuel cell vehicles are EVs that use pure hydrogen (or gaseous
hydrocarbons before reformation) as the energy storage medium.

Energiewende. German term that means “transformation of
the energy system”. It refers to the move away from nuclear and
fossil fuels towards an energy system based primarily on energy
efficiency improvements and renewable energy.

Energy. The ability to do work, which comes in a number of
forms including thermal, radiant, kinetic, chemical, potential and
electrical. Primary energy is the energy embodied in (energy
potential of) natural resources, such as coal, natural gas and
renewable sources. Final energy is the energy delivered for end-
use (such as electricity at an electrical outlet). Conversion losses
occur whenever primary energy needs to be transformed for
final energy use, such as combustion of fossil fuels for electricity
generation.

Energy audit. Analysis of energy flows in a building, process or
system, conducted with the goal of reducing energy inputs into
the system without negatively affecting outputs.

Energy efficiency. The measure that accounts for delivering
more services for the same energy input, or the same amount of
services for less energy input. Conceptually, this is the reduction
of losses from the conversion of primary source fuels through
final energy use, as well as other active or passive measures to
reduce energy demand without diminishing the quality of energy
services delivered.

Energy efficiency mandate/obligation. A measure that
requires designated parties (consumers, suppliers, generators) to
meet a minimum, and often gradually increasing, target for energy
efficiency. Mandates can include, for example, energy efficiency
portfolio standards (EEPS) and/or building codes or obligations.

Energy efficiency target. An official commitment, plan or goal
set by a government (at the local, state, national or regional level)
to achieve a certain amount of energy efficiency by a future date.
Targets may be backed by specific compliance mechanisms
or policy support measures. Some targets are legislated, while
others are set by regulatory agencies, ministries or public officials.
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Energy intensity. Primary energy consumption per unit of
economic output. Energy intensity typically is used as a proxy
for energy efficiency in macro-level analyses due to the lack of
an internationally agreed-upon high-level indicator for measuring
energy efficiency.

Energy service company (ESCO). A company that provides
a range of energy solutions including selling the energy services
from a (renewable) energy system on a long-term basis while
retaining ownership of the system, collecting regular payments
from customers and providing necessary maintenance service. An
ESCO can be an electric utility, co-operative, non-governmental
organisation or private company, and typically installs energy
systems on or near customer sites. An ESCO also can advise on
improving the energy efficiency of systems (such as a building or
an industry) as well as on methods for energy conservation and
energy management.

Ethanol (fuel). A liquid fuel made from biomass (typically maize,
sugar cane or small cereals/grains) that can replace petrol in
modest percentages for use in ordinary spark-ignition engines
(stationary or in vehicles), or that can be used at higher blend
levels (usually up to 85% ethanol, or 100% in Brazil) in slightly
modified engines, such as those provided in “flex-fuel” vehicles.
Ethanol also is used in chemical and beverage industries.

Feed-in policy (feed-in tariff or feed-in premium). A
policy that typically guarantees renewable generators specified
payments per unit (e.g, USD per kWh) over a fixed period.
Feed-in tariff (FIT) policies also may establish regulations by
which generators can interconnect and sell power to the grid.
Numerous options exist for defining the level of incentive, such
as whether the payment is structured as a guaranteed minimum
price (e.g., a FIT), or whether the payment floats on top of the
wholesale electricity price (e.g., a feed-in premium).

Final energy. The part of primary energy, after deduction of losses
from conversion, transmission and distribution, that reaches
the consumer and is available to provide heating, hot water,
lighting and other services. Final energy forms include electricity,
district heating, mechanical energy, liquid hydrocarbons such as
kerosene or fuel oil, and various gaseous fuels such as natural
gas, biogas and hydrogen.

Final energy consumption. Energy that is supplied to the
consumer for all final energy services such as cooling and lighting,
building or industrial heating or mechanical work including transport.

Fiscal incentive. An incentive that provides individuals,
households or companies with a reduction in their contribution
to the public treasury via income or other taxes.

Flywheel energy storage. Energy storage that works by
applying available energy to accelerate a high-mass rotor
(flywheel) to a very high speed and thereby storing energy in the
system as rotational energy.

Generation. The process of converting energy into electricity
and/or useful heat from a primary energy source such as wind,
solar radiation, natural gas, biomass, etc.

Geothermal energy. Heat energy emitted from within the
earth's crust, usually in the form of hot water and steam. It can be
used to generate electricity in a thermal power plant or to provide
heat directly at various temperatures.

Green bond. A bond issued by a bank or company, the proceeds
of which will go entirely into renewable energy and other
environmentally friendly projects. The issuer will normally label it
as a green bond. There is no internationally recognised standard
for what constitutes a green bond.

Green energy purchasing. Voluntary purchase of renewable
energy - usually electricity, but also heat and transport fuels - by
residential, commercial, government or industrial consumers, either
directly from an energy trader or utility company, from a third-party
renewable energy generator or indirectly via trading of renewable
energy certificates (such as renewable energy credits, green tags
and guarantees of origin). It can create additional demand for
renewable capacity and/or generation, often going beyond that
resulting from government support policies or obligations.

Heat pump. A device that transfers heat from a heat source to
a heat sink using a refrigeration cycle that is driven by external
electric or thermal energy. It can use the ground (geothermal/
ground-source), the surrounding air (aerothermal/air-source) or
a body of water (hydrothermal/water-source) as a heat source in
heating mode, and as a heat sink in cooling mode. A heat pump's
final energy output can be several multiples of the energy input,
depending on its inherent efficiency and operating condition. The
output of a heat pump is at least partially renewable on a final
energy basis. However, the renewable component can be much
lower on a primary energy basis, depending on the composition
and derivation of the input energy; in the case of electricity, this
includes the efficiency of the power generation process. The
output of a heat pump can be fully renewable energy if the input
energy is also fully renewable.

Hydropower. Electricity derived from the potential energy of
water captured when moving from higher to lower elevations.
Categories of hydropower projects include run-of-river, reservoir-
based capacity and low-head in-stream technology (the least
developed). Hydropower covers a continuum in project scale from
large (usually defined as more than 10 MW of installed capacity,
but the definition varies by country) to small, mini, micro and pico.

Hydrotreated vegetable oil (HVO). A “drop-in" biofuel produced
by using hydrogen to remove oxygen from waste cooking oils, fats
and vegetable oils. The result is a hydrocarbon fuel that blends
more easily with diesel and jet fuel than does biodiesel produced
from triglycerides as fatty acid methyl esters (FAME).

Ice storage. Thermal energy storage using ice that utilises the
large amount of heat given off by the fusion of water.

Inverter (and micro-inverter), solar. Inverters convert
the direct current (DC) generated by solar PV modules into
alternating current (AC), which can be fed into the electric grid or
used by a local, off-grid network. Conventional string and central
solar inverters are connected to multiple modules to create an
array that effectively is a single large panel. By contrast, micro-
inverters convert generation from individual solar PV modules;
the output of several micro-inverters is combined and often fed
into the electric grid. A primary advantage of micro-inverters is
that they isolate and tune the output of individual panels, reducing
the effects that shading or failure of any one (or more) module(s)
has on the output of an entire array. They eliminate some design
issues inherent to larger systems and allow for new modules to
be added as needed.
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Investment. Purchase of an item of value with an expectation
of favourable future returns. In this report, new investment
in renewable energy refers to investment in: technology
research and development, commercialisation, construction of
manufacturing facilities and project development (including the
construction of wind farms and the purchase and installation of
solar PV systems). Total investment refers to new investment plus
merger and acquisition (M&A) activity (the refinancing and sale
of companies and projects).

Investment tax credit. A fiscal incentive that allows investments
in renewable energy to be fully or partially credited against the tax
obligations or income of a project developer, industry, building
owner, etc.

Joule. A joule (J) is a unit of work or energy equal to the energy
expended to produce one watt of power for one second. The
potential chemical energy stored in one barrel of oil and released
when combusted is approximately 6 gigajoules (GJ); a tonne of
oven-dry wood contains around 20 GJ of energy.

Labelling. A system in which the energy efficiency of the
product/appliance is rated/listed on a label to inform customers
of product energy performance so that they can select among
various models. Labelling systems can be voluntary or
mandatory.

Levelised cost of energy/electricity (LCOE). The unique
cost price of energy outputs (e.g, USD/kWh or USD/GJ) of a
project that makes the present value of the revenues equal to the
present value of the costs over the lifetime of the project.

Long-term strategic plan. Strategy to achieve energy savings
over a specified period of time (i.e, several years), including
specific goals and actions to improve energy efficiency, typically
spanning all major sectors.

Mandate/Obligation. A measure that requires designated
parties (consumers, suppliers, generators) to meet a minimum,
and often gradually increasing, target for renewable energy, such
as a percentage of total supply, a stated amount of capacity, or the
required use of a specified renewable technology. Costs generally
are borne by consumers. Mandates can include renewable
portfolio standards (RPS); building codes or obligations that
require the installation of renewable heat or power technologies
(often in combination with energy efficiency investments);
renewable heat purchase requirements; and requirements for
blending specified shares of biofuels (biodiesel or ethanol) into
transport fuel.

Market concession model. A model in which a private
company or non-governmental organisation is selected through
a competitive process and given the exclusive obligation to
provide energy services to customers in its service territory,
upon customer request. The concession approach allows
concessionaires to select the most appropriate and cost-effective
technology for a given situation.

Merit order. A way of ranking available sources of energy
(particularly electricity generation) in ascending order based on
short-run marginal costs of production, such that those with the
lowest marginal costs are the first ones brought online to meet
demand, and those with the highest are brought on last. The
merit-order effect is a shift of market prices along the merit-order
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or supply curve due to market entry of power stations with lower
variable costs (marginal costs). This displaces power stations
with the highest production costs from the market (assuming
demand is unchanged) and admits lower-priced electricity into
the market.

Micro-grids. These are similar to mini-grids, but there is no
universal definition differentiating the two (see Mini-grids). For
distributed renewable energy in developing countries, micro-
grids typically refer to independent grid networks operating on
a scale of 1-10 kW. In the United States, for example, micro-grids
also refer to larger networks (up to several MW) that can operate
independently of, or in conjunction with, an area’s main power
grid. It can be intended as back-up power or to bolster main grid
power during periods of heavy demand. It often is used to reduce
costs, to enhance reliability and/or as a means of incorporating
renewable energy.

Mini-grids. Grids that provide small-scale generation (10 kW to
10 MW) and distribution of grid-quality electricity to a relatively
small and concentrated group of customers, most commonly in
remote areas. They often are managed locally and can operate
with or without interconnection to the wider external transmission
grid.

Molten salt. An energy storage medium used predominantly
to retain the thermal energy collected by a solar tower or solar
trough of a concentrating solar power plant, so that this energy
can be used at a later time to generate electricity.

Monitoring. Energy use is monitored to establish a basis for
energy management and to provide information on deviations
from established patterns.

Net metering/Net billing. A regulated arrangement in which
utility customers with on-site electricity generators can receive
credits for excess generation, which can be applied to offset
consumption in other billing periods. Under net metering,
customers typically receive credit at the level of the retail
electricity price. Under net billing, customers typically receive
credit for excess power at a rate that is lower than the retail
electricity price. Different jurisdictions may apply these terms in
different ways, however.

Ocean energy. Energy captured from ocean waves, tides,
currents, salinity gradients and ocean temperature differences.
Wave energy converters capture the energy of surface waves to
generate electricity; tidal stream generators use kinetic energy of
moving water to power turbines; and tidal barrages are essentially
dams that cross tidal estuaries and capture energy as tides ebb
and flow.

Off-take agreement. An agreement between a producer of
energy and a buyer of energy to purchase/sell portions of the
producer's future production. An off-take agreement normally is
negotiated prior to the construction of a renewable energy project
or installation of renewable energy equipment in order to secure
a market for the future output (e.g., electricity, heat). Examples
of this type of agreement include power purchase agreements
(PPAs) and FITs.

Off-taker. The purchaser of the energy from a renewable energy
project or installation (e.g., a utility company) following an off-take
agreement. See Off-take agreement.
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Peaker generation plant. Power plants that generally run
predominantly during peak demand periods for electricity. Such
plants exhibit the optimum balance - for peaking duty - of
relatively high variable cost (fuel and maintenance cost per unit
of generation) relative to fixed cost per unit of energy produced
(low capital cost per unit of generating capacity).

Power. The rate at which energy is converted into work,
expressed in watts (joules/second).

Power purchase agreement (PPA). A contract between two
parties, one which generates electricity (the seller) and one
which is looking to purchase electricity (the buyer).

Power to gas. The conversion of electricity, either from
renewable or conventional sources, to chemical energy.

Primary energy. The theoretically available energy content of
a naturally occurring energy source (such as coal, oil, natural
gas, uranium ore, geothermal and biomass energy, etc.) before
it undergoes conversion to useful final energy delivered to the
end-user, Conversion of primary energy into other forms of useful
final energy (such as electricity and fuels) entails losses. Some
primary energy is consumed at the end-user level as final energy
without any prior conversion.

Primary energy consumption. The direct use of energy at the
source, or supplying users with unprocessed fuel.

Product and sectoral standards. Rules specifying the
minimum standards for certain products (e.g., appliances) or
sectors (industry, transport, etc.) for increasing energy efficiency.

Production tax credit. A tax incentive that provides the investor
or owner of a qualifying property or facility with a tax credit based
on the amount of renewable energy (electricity, heat or biofuel)
generated by that facility.

Prosumer. The idea that citizens are not just consumers but also
have potential to be energy producers, particularly of renewable
energy, playing an active role in the generation of energy, energy
storage and demand-side management,

Public financing. A type of financial support mechanism
whereby governments provide assistance, often in the form of
grants or loans, to support the development or deployment of
renewable energy technologies.

Pumped storage hydropower. Plants that pump water from a
lower reservoir to a higher storage basin using surplus electricity,
and that reverse the flow to generate electricity when needed.
They are not energy sources but means of energy storage and
can have overall system efficiencies of around 80-90%.

Regulatory policy. A rule to guide or control the conduct of
those to whom it applies. In the renewable energy context,
examples include mandates or quotas such as renewable
portfolio standards, FITs and technology/fuel specific obligations.

Renewable energy certificate (REC). A certificate awarded to
certify the generation of one unit of renewable energy (typically
1 MWh of electricity but also less commonly of heat). In systems
based on RECs, certificates can be accumulated to meet
renewable energy obligations and also provide a tool for trading
among consumers and/or producers. They also are a means of
enabling purchases of voluntary green energy.

Renewable energy target. An official commitment, plan or
goal set by a government (at the local, state, national or regional
level) to achieve a certain amount of renewable energy by a
future date. Targets may be backed by specific compliance
mechanisms or policy support measures. Some targets are
legislated while others are set by regulatory agencies, ministries
or public officials.

Renewable portfolio standard (RPS). An obligation placed
by a government on a utility company, group of companies
or consumers to provide or use a predetermined minimum
targeted renewable share of installed capacity, or of electricity
or heat generated or sold. A penalty may or may not exist for
non-compliance. These policies also are known as “renewable
electricity standards”, “renewable obligations” and "mandated

market shares”, depending on the jurisdiction.
Reverse auction. (See Tendering.)

Sector coupling. The expanded use of varying energy sources
across end-use sectors, such as the electrification of both
transport and thermal applications in buildings and industry.

Smart energy system. An energy system that aims to optimise
the overall efficiency and balance of a range of interconnected
energy technologies and processes, both electrical and non-
electrical (including heat, gas and fuels). This is achieved through
dynamic demand- and supply-side management; enhanced
monitoring of electrical, thermal and fuel-based system assets;
control and optimisation of consumer equipment, appliances and
services; better integration of distributed energy (on both the
macro and micro scales); as well as cost minimisation for both
suppliers and consumers.

Smart grid. Electrical grid that uses information and
communications technology to co-ordinate the needs and
capabilities of the generators, grid operators, end-users and
electricity market stakeholders in a system, with the aim of
operating all parts as efficiently as possible, minimising costs
and environmental impacts and maximising system reliability,
resilience and stability.

Smart grid technology. Advanced information and control
technology that is required for improved systems integration and
resource optimisation on the grid.

Solar collector. A device used for converting solar energy to
thermal energy (heat), typically used for domestic water heating
but also used for space heating, industrial process heat or to
drive thermal cooling machines. Evacuated tube and flat plate
collectors that operate with water or a water/glycol mixture as
the heat-transfer medium are the most common solar thermal
collectors used worldwide. These are referred to as glazed water
collectors because irradiation from the sun first hits a glazing
(for thermal insulation) before the energy is converted to heat
and transported away by the heat transfer medium. Unglazed
water collectors, often referred to as swimming pool absorbers,
are simple collectors made of plastics and used for lower-
temperature applications. Unglazed and glazed air collectors use
air rather than water as the heat-transfer medium to heat indoor
spaces or to pre-heat drying air or combustion air for agriculture
and industry purposes.
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Solar cooker. A cooking device for household and institutional
applications, which converts sunlight to heat energy that is
retained for cooking. There are five types of solar cookers: box
cookers, panel cookers, parabolic cookers, evacuated tube
cookers and trough cookers.

Solar home system (SHS). A stand-alone system composed
of a relatively low-power photovoltaic module, a battery and
sometimes a charge controller, that can power small electric
devices and provide modest amounts of electricity to homes for
lighting and radios, usually in rural or remote regions that are not
connected to the electricity grid.

Solar photovoltaics (PV). A technology used for converting
light into electricity. Solar PV cells are constructed from
semiconducting materials that use sunlight to separate electrons
from atoms to create an electric current. Modules are formed
by interconnecting individual cells. Monocrystalline modules
typically are slightly more efficient but relatively more expensive
than multi-crystalline silicon modules, although these differences
have narrowed with advances in manufacturing and technology.
Thin film solar PV materials can be applied as flexible films laid
over existing surfaces or integrated with building components
such as roof tiles. Building-integrated PV (BIPV) generates
electricity and replaces conventional materials in parts of a
building envelope, such as the roof or facade.

Solar photovoltaic-thermal (PV-T). A solar PV-thermal hybrid
system that includes solar thermal collectors mounted beneath
PV modules to convert solar radiation into electrical and thermal
energy. The solar thermal collector removes waste heat from the
PV module, enabling it to operate more efficiently.

Solar pico system (SPS). A very small solar PV system - such
as a solar lamp or an information and communication technology
(ICT) appliance - with a power output of 1-10 watts that typically
has a voltage of up to 12 volts.

Solar-plus-storage. A hybrid technology of solar PV with
battery storage. Other types of renewable energy-plus-storage
plants also exist.

Solar water heater (SWH). An entire system consisting of a
solar collector, storage tank, water pipes and other components,
There are two types of solar water heaters: pumped solar water
heaters use mechanical pumps to circulate a heat transfer
fluid through the collector loop (active systems), whereas
thermosyphon solar water heaters make use of buoyancy forces
caused by natural convection (passive systems).

Storage battery. A type of battery that can be given a new charge
by passing an electric current through it. A lithium-ion battery uses
a liquid lithium-based material for one of its electrodes. A lead-
acid battery uses plates made of pure lead or lead oxide for the
electrodes and sulphuric acid for the electrolyte and which remain
common for off-grid installations. A flow battery uses two chemical
components dissolved in liquids contained within the system and
most commonly separated by a membrane. Flow batteries can be
recharged almost instantly by replacing the electrolyte liquid, while
simultaneously recovering the spent material for re-energisation.

Subsidy. A government measure that artificially reduces the price
that consumers pay for energy or that reduces the production cost.

REN21

Tendering (also called auction /reverse auction or tender).
A procurement mechanism by which renewable energy supply or
capacity is competitively solicited from sellers, who offer bids at
the lowest price that they would be willing to accept. Bids may be
evaluated on both price and non-price factors.

Thermal energy storage. Technology that allows the transfer
and storage of thermal energy. (See Ice storage and Molten salt.)

Torrefied wood. Solid fuel, often in the form of pellets, produced
by heating wood to 200-300°C in restricted air conditions. It has
useful characteristics for a solid fuel including relatively high energy
density, good grindability into pulverised fuel and water repellency.

Transmission grid. The portion of the electrical supply
distribution network that carries bulk electricity from power
plants to substations where voltage is stepped down for further
distribution. High-voltage transmission lines can carry electricity
between regional grids in order to balance supply and demand.

Variable renewable energy (VRE). A renewable energy source
that fluctuates within a relatively short time frame, such as wind
and solar power, which vary within daily, hourly and even sub-
hourly time frames. By contrast, resources and technologies that
are variable on an annual or seasonal basis due to environmental
changes, such as hydropower (due to changes in rainfall) and
thermal power plants (due to changes in temperature of ambient
air and cooling water), do not fall into this category.

Vehicle fuel standards. Rules specifying the minimum fuel
economy of automobiles.

Voltage and frequency control. The process of maintaining
grid voltage and frequency stable within a narrow band through
management of system resources.

Watt. A unit of power that measures the rate of energy conversion
or transfer. A kilowatt is equal to one thousand watts; a megawatt
to one million watts; and so on. A megawatt-electrical (MW) is
used to refer to electric power, whereas a megawatt-thermal
(MW4,) refers to thermal/heat energy produced. Power is the rate
at which energy is consumed or generated. A kilowatt-hour is the
amount of energy equivalent to steady power of 1 kW operating
for one hour.

Yield company (yieldco). Renewable energy vyieldcos are
publicly traded financial vehicles created when power companies
spin off their renewable power assets into separate, high-yielding
entities. They are formed to reduce risk and volatility, and to
increase capital and dividends. Shares are backed by completed
renewable energy projects with long-term PPAs in place to
deliver dividends to investors. They attract new types of investors
who prefer low-risk and dividend-like yields, and those who wish
to invest specifically in renewable energy projects. The capital
raised is used to pay off debt or to finance new projects at lower
rates than those available through tax equity finance.
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AC
AfDB
APEC

AREI
BIPV

BNEF
BRICS

BRT
CDM
CHP
CO:
COP21

COP22

CpPV
CSP
CVF
DC
DESCO

DFI
DNI
DRE

DSM
EBRD

EC
ECOWAS

EEG

EIB

EJ
EMEC
EnDev
EPA

EPC

ESCO
ETS
EU

EV
FERC

FIP
FIT
G20

Alternating current
African Development Bank

Asia-Pacific Economic
Cooperation

Africa Renewable Energy Initiative

Building-integrated solar
photovoltaics

Bloomberg New Energy Finance

Brazil, Russian Federation, India,
China and South Africa

Bus Rapid Transit

Clean Development Mechanism
Combined heat and power
Carbon dioxide

Conference of the Parties, 21st
meeting

Conference of the Parties, 22nd
meeting

Concentrating solar photovoltaics
Concentrating solar thermal power
Climate Vulnerable Forum

Direct current

Distributed energy service
company

Development finance institution
Direct normal insolation

Distributed renewable energy for
energy access

Demand-side management

European Bank for
Reconstruction and Development

European Commission

Economic Community of West
African States

German Renewable Energy Law
- "Erneuerbare-Energien-Gesetz"”

European Investment Bank
Exajoule

European Marine Energy Centre
Energising Development

US Environmental Protection
Agency

Engineering, procurement and
construction

Energy service company
Emissions Trading System

European Union (specifically the
EU-28)

Electric vehicle

US Federal Energy Regulatory
Commission

Feed-in premium
Feed-in tariff
Group of Twenty

GACC

GCF
GDP
GEF

GFR

GSR
GW/GWh
GWin
HVAC

HVO
IEA
IEA PVPS

IEA SHC

IFC
INDC

INR
IPCC

IPP
IRENA

ITC
kW/kWh
LCOE

LED
LLC
LNG
m?

m3
M&A
MENA

MEPS

MSW
MW/MWh
MWin
NDC

NEEAP

NGO
nZEB
NZEB
OECD

o&M
omMC

Global Alliance for Clean
Cookstoves

Green Climate Fund

Gross domestic product

Global Environment Facility
Global Futures Report
Renewables Global Status Report
Gigawatt/gigawatt-hour
Gigawatt-thermal

Heating, ventilation and air
conditioning

Hydrotreated vegetable oil
International Energy Agency

IEA Photovoltaic Power Systems
Programme

Solar Heating and Cooling
Programme of the International
Energy Agency

International Finance Corporation

Intended Nationally Determined
Contribution

Indian rupee

Intergovernmental Panel on
Climate Change

Independent power producer

International Renewable Energy
Agency

Investment tax credit
Kilowatt/kilowatt-hour

Levelised cost of electricity/
energy

Light-emitting diode

Limited liability company
Liquefied natural gas

Square metre

Cubic metre

Mergers and acquisitions
Middle East and North Africa

Minimum Energy Performance
Standards

Municipal solid waste
Megawatt/megawatt-hour
Megawatt-thermal

Nationally Determined
Contribution

National Energy Efficiency Action
Plan

Non-governmental organisation
Nearly zero energy building
Net zero energy building

Organisation for Economic
Co-operation and Development

Operation and maintenance

Omnigrid Micropower Company

OPEC
OPIC

PAYG
PHEV
PJ
PPA
PTC
PUC
PV
PV-T
Ql
R&D
RFS
RHI
RPS
SDG
SEforALL

SHIP
SHS

SIDS
SME

SWH
T&D

TES

TFC
TFEC

toe

TPES
TW/TWh
UN
UNDP

UNEP
UNFCCC

UNIDO
USAID

USD
VAT
VRE
W/Wh
yieldcos
ZEV

Organization of the Petroleum
Exporting Countries

US Overseas Private Investment
Corporation

Pay-As-You-Go

Plug-in hybrid electric vehicle
Petajoule

Power purchase agreement
Production tax credit

Public utility commission
Photovoltaic
Photovoltaic-thermal

First quarter

Research and development
US Renewable Fuel Standard
UK Renewable Heat Incentive
Renewable portfolio standard(s)
Sustainable Development Goal

United Nations Sustainable
Energy for All initiative

Solar heat for industrial processes
Solar home system(s)
Small-island developing states

Small and medium-sized
enterprise

Solar water heater/heating
Transmission and distribution
Thermal energy storage

Total final consumption

Total final energy consumption
Tonne of oil equivalent

Total primary energy supply
Terawatt/Terawatt-hour
United Nations

United Nations Development
Programme

United Nations Environment

United Nations Framework
Convention on Climate Change

United Nations Industrial
Development Organization

US Agency for International
Development

United States dollar
Value-added tax

Variable renewable energy
Watt/watt-hour

yield companies

Zero-emission vehicle
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ENERGY UNITS AND CONVERSION FACTORS
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METRIC PREFIXES VOLUME

kilo ky = 10° 1m?3 = 1,000 litres (1)
mega (M) = 10° 1US gallon = 378]

giga G = 10° 1lmperial gallon = 4.55]

tera (m = 107

peta Py = 10"

exa (E) = 10

Example: 1TJ=1000 GJ=1,000,000 MJ =1,000,000,000 kJ =1,000,000,000,000 J = 1012 J

1J=0.001MJ =0.000001 GJ = 0.000000001 TJ

ENERGY UNIT CONVERSION
GJ Toe MBtu MWh Toe = tonnes oil equivalent
1Mtoe = 419 PJ
GJ 1 0.024 0.948 0.278
Toe 41.868 1 39.683 11.630
MBtu 1055 0.025 1 0.293
MWh 3600 0086 3.412 1 Example: 1MWh x 3.600 = 3.6 GJ

HEAT OF COMBUSTION (HIGH HEAT VALUES)

SOLAR THERMAL HEAT SYSTEMS

11 ethanol = 84530Btu/USgallon = 21.2MJ/I
1lbiodiesel = 127960 Btu/USgallon = 321MJ/|

Example: 1) These values can vary with fuel and
temperature.

2) Around 1.5 litres of ethanol is required
to equate to 1 litre of gasoline.

3) Heat values from U.S. Department of
Energy Alternative Fuels Data Center.

COPYRIGHT & IMPRINT

Tmillionm? = 0.7 GWsw

Used where solar thermal heat data have been converted
from square metres (m?) into gigawatts thermal (GW),

by accepted convention.

Renewable Energy Policy Network REN21 Secretariat

for the 21st Century c/o UNEP
1 Rue Miollis, Building VII
75015 Paris
France
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Methodologies for quantifying total subsidies around the

world vary, with the IEA (op. cit. note 1) estimating fossil fuel
subsidies at USD 325 billion in 2015, whereas the International
Monetary Fund (IMF), which seeks to include the cost of
externalities in addition to direct payments, valued the combined
subsidies for coal (USD 3.1 trillion), petroleum (USD 1.5 trillion),
natural gas (USD 510 billion) and electricity rate subsidies

for consumers (USD 148 billion) at an estimated USD 5.3

trillion in 2015; see David Coady et al., How Large Are Global
Energy Subsidies? (Washington, DC: IMF, 2015), http://www.
imf.org/~/media/Websites/IMF/Imported/external/pubs/ft/
wp/2015/_wp15105pdf.ashx. By comparison, the IEA estimates
renewable energy subsidies at USD 150 billion, from IEA, op. cit.
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note 1. Impacts on renewable energy from Richard Bridle and
Lucy Kitson, The Impact of Fossil-Fuel Subsidies on Renewable
Electricity Generation (Winnipeg, Canada: International Institute
for Sustainable Development (1ISD), December 2014), http://
www.iisd.org/sites/default/files/publications/impact-fossil-fuel-
subsidies-renewable-electricity-generation.pdf.

Ivetta Gerasimchuk, Fossil-Fuel Subsidy Reform: Critical Mass

for Critical Change (Austin: University of Texas at Austin, 2015),
www.stanleyfoundation.org/climatechange/Gerasimchuk-Fossil-
FuelSubsidyReform.pdf.

1ISD, Global Subsidies Initiative, “Tracking Progress: International
Cooperation to Reform Fossil-Fuel Subsidies”, http://www.iisd.
org/gsi/tracking-progress-g-20-and-apec-commitments-reform,
viewed 25 February 2017.

Data in text and Figure 1 from estimated shares based on the
following sources: total 2015 final energy consumption (estimated
at 363.5 EJ) is based on 359.9 EJ for 2014 from International
Energy Agency (IEA), World Energy Statistics and Balances,

2016 edition (Paris: OECD/IEA, 2016) and escalated by the
0.97% increase in global primary energy demand from 2014

to 2015, derived from BP, Statistical Review of World Energy

2016 (London: 2016), http://www.bp.com/content/dam/bp/
pdf/energy-economics/statistical-review-2016/bp-statistical-
review-of-world-energy-2016-full-report.pdf. For bioenergy
inputs, see Biomass Energy section and related endnotes in

the Market and Industry Trends chapter. Solar PV generation

of 285 TWh from IEA Photovoltaic Power System Programme
(IEA PVPS), Trends in Photovoltaic Applications 2016, Survey
Report of Selected IEA Countries between 1992 and 2015 (Paris:
2016), Table 10, p. 65, http://www.iea-pvps.org/fileadmin/dam/
public/report/national/Trends_2016_-_mr.pdf. Concentrated
solar thermal power (CSP) estimated at 9.8 TWh, based on the
reported output of Spain and the United States (8,385 GWh) and
by applying their average capacity factor to remaining global
CSP capacity of 667 MW. Spain's capacity based on data in
CSP section of Market and Industry Trends chapter and related
endnotes, and generation in 2015 from RED Eléctrica de Espafa
(REE), Statistical series of the Spanish electricity system, http://
www.ree.es/en/statistical-data-of-spanish-electrical-system/
national-indicators/national-indicators; US CSP capacity based
on data from US Energy Information Administration (EIA), Electric
Power Monthly with Data for December 2016 (Washington,

DC: February 2017), Table 6.2.B. Net Summer Capacity Using
Primarily Renewable Energy Sources and by State, https://
www.eia.gov/electricity/monthly/current_year/february2017.pdf;
and US generation from EIA, op. cit. this note, Table 1.1.A. Net
Generation from Renewable Sources: Total (All Sectors). Ocean
energy of 1 TWh, from IEA, Medium-Term Renewable Energy
Market Report 2016, (Paris: OECD/IEA, 2016), p. 174. Geothermal
electricity generation of 78 TWh based on year-end capacity and
global average capacity factor in 2014 from Ruggero Bertani,
"Geothermal Power Generation in the World 2010-2014 Update
Report,” Proceedings of the World Geothermal Congress 2015
(Melbourne, Australia: 19-25 April 2015). Hydropower of 3,946
TWh from BP, Statistical Review of World Energy 2016 (London:
2016). Solar thermal heating/cooling estimated at 1.28 EJ, from
Monika Spork-Dir, AEE-Institute for Sustainable Technologies
(AEE INTEC), Gleisdorf, Austria, personal communications with
Renewable Energy Network for the 21st Century (REN21), April
2017; Werner Weiss, Monika Spork-Duir and Franz Mauthner,
Solar Heat Worldwide - Markets and Contribution to the Energy
Supply 2015 (Gleisdorf, Austria: International Energy Agency
(IEA) Solar Heating and Cooling Programme (SHC), forthcoming
2017), www.aee-intec.at/Ouploads/dateien1252.pdf. Geothermal
heat (excluding heat pumps) was estimated at 0.28 EJ, based on
an extrapolation of 2014 values from John W. Lund and Tonya L.
Boyd, "Direct Utilization of Geothermal Energy: 2015 Worldwide
Review," in Proceedings of the World Geothermal Congress 2015
(Melbourne, Australia: 19-25 April 2015). Nuclear power final
consumption based on generation of 2,577 TW, from BP, op. cit.
this note (converted by source from primary energy on the basis
of thermal equivalence, assuming 38% conversion efficiency),
and global average electricity losses in 2014 from IEA, World
Energy Statistics and Balances, 2016 edition (Paris: OECD/IEA,
2016). Methodology for Figure 1 differs from previous years in the
application of estimated average system losses and estimates

of the energy industry’s own use of electricity from renewable
sources. Previous versions of Figure 1 have discounted such
losses but this version assumes an average combined reduction
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of 7% when establishing renewable electricity consumption
relative to gross generation estimates. This adjustment reduces
the estimated contribution of renewable electricity in total final
energy consumption.

Figure 2 from all values derived from International Energy Agency
(IEA), World Energy Statistics and Balances, 2016 edition (Paris:
OECD/IEA, 2016). Consumption of traditional biomass based on
the combined values for solid biomass and charcoal consumption
in the residential sector of non-OECD countries. Consumption

of renewable electricity is based on the share of renewables in
global gross electricity generation. This results in the assumption
that renewable electricity consumption is more than 16% lower
than gross renewable electricity generation, due to system losses
and the energy industry's own use. Industry own use includes the
difference between gross and net generation at thermal power
plants (the difference lies in the power consumption of various
internal loads, such as fans, pumps and pollution controls at
thermal plants), and other uses such as electricity use in coal
mining and fossil fuel refining. This differs from the methodology
applied in Figure 1, where system losses and energy industry's
own use of renewable electricity is assumed to amount of 7% of
gross renewable generation. Consumption of produced heat from
renewable sources (from heat plants) is based on the renewable
share of heat production in heat plants.

IEA, op. cit. note 8.

15 "China to slow green growth for first time after

record boom", Bloomberg, 23 September 2016, http://
www.bloomberg.com/news/articles/2016-09-22/
china-to-rein-in-green-growth-for-first-time-after-record-boom.

25x'25, "U.S. continues to lead global Renewable

Energy Attractiveness Index”, Weekly REsource,

27 May 2016, http://www.25x25.0rg/index.
php?option=com_content&task=view&id=1356&Itemid=246.

Zuzana Dubrotkova and Gevorg Sargsyan, World Bank,
Washington, DC, personal communication with Renewable
Energy Policy Network for the 21st Century (REN21), 8 December
2016.

Energy Institute, Energy Barometer 2016 (London: 2016),
https://www.energyinst.org/_uploads/documents/energy-
barometer-2016.pdf; Lada Kochtcheeva, “Renewable Energy:
Global Challenges”, E-International Relations, 27 May 2016, http://
www.e-ir.info/2016/05/27/renewable-energy-global-challenges/.

REN21 Policy Database.

United Nations Framework Convention on Climate Change
(UNFCCC), “The Paris Agreement”, http://unfccc.int/paris_
agreement/items/9485.php, viewed 11 March 2017.

Heymi Bahar, IEA, Paris, personal communication with REN21,
28 November 2016.

Rainer Hinrichs-Rahlwes, European Renewable Energies
Federation, Berlin, personal communication with REN21,
1 December 2016.

The Climate Vulnerable Forum comprises Afghanistan,
Bangladesh, Barbados, Bhutan, Burkina Faso, Cambodia,
Colombia, Comoros, Costa Rica, Democratic Republic of the
Congo, Dominican Republic, Ethiopia, Fiji, The Gambia, Ghana,
Grenada, Guatemala, Haiti, Honduras, Kenya, Kiribati, Lebanon,
Madagascar, Malawi, Maldives, Marshall Islands, Mongolia,
Morocco, Nepal, Niger, Palau, the State of Palestine, Papua
New Guinea, Philippines, Rwanda, Saint Lucia, Samoa, Senegal,
South Sudan, Sri Lanka, Sudan, Tanzania, Timor-Leste, Tunisia,
Tuvalu, Vanuatu, Vietnam and Yemen. It is an international
partnership of countries highly vulnerable to global climate
change. Climate Vulnerable Forum, “The Climate Vulnerable
Forum Vision”, http://www.thecvf.org/marrakech-vision/,
viewed 20 December 2016; Saleemul Hug, “Vulnerable countries
take the lead in commitments”, Daily Star, 30 November 2016,
http://www.thedailystar.net/opinion/politics-climate-change/
vulnerable-countries-take-the-lead-commitments-13225086.

World Trade Organization (WTO), “Progress made on
Environmental Goods Agreement, setting stage for further
talks”, 4 December 2016, https://www.wto.org/english/
news_e/newsl16_e/ega_04dec16_e.htm; “"Key lawmaker, EU
and industry all blame China for torpedoing EGA deal”, Daily
News, 7 December 2016, https://wtonewsstand.com/topic/
environmental-goods-agreement.
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Trends of Carbon Pricing (Washington, DC: October

2016), p. 12, https://openknowledge.worldbank.org/
bitstream/handle/10986/25160/9781464810015.
pdf?sequence=3&isAllowed=y; European Commission, The EU
Emissions Trading System (EU ETS) (Brussels: 2016), p. 1,
https://ec.europa.eu/clima/sites/clima/files/factsheet_ets_en.pdf;
International Carbon Action Partnership, Emissions Trading
Worldwide (Berlin: 2016), pp. 22-23, https://icapcarbonaction.com/
en/?option=com_attach&task=download&id=339; Government
of Canada "Pan-Canadian Approach to Pricing Carbon Pollution”,
3 October 2016, http://news.gc.ca/web/article-en.do?nid=1132169;
Colombia from Juan Camilo Gémez Trillos, University of Oldenberg,
personal communication with REN21, 3 May 2017.

IPCC, Renewable Energy Sources and Climate Change Mitigation:
Special Report of the Intergovernmental Panel on Climate Change
(Cambridge, UK: Cambridge University Press, 2012), https://
www.ipcc.ch/pdf/special-reports/srren/SRREN_Full_Report.
pdf. The current low carbon price under the European Emissions
Trading Scheme has led many industry and government officials
to suggest that the scheme has done little to incentivise the
deployment of renewable technologies, from Robert Hodgson,
"The price is right? Crunch time for EU carbon market reform”,
EurActiv, 13 February 2017, http://www.euractiv.com/section/
energy/news/the-price-is-right-its-crunch-time-for-eu-carbon-
market-reform/. At the same time, markets for some renewable
heating and cooling technologies have grown following the
implementation of well-designed carbon pricing mechanisms;
for example, bioenergy heat grew substantially in Sweden after
significantly high taxes were introduced, first on fossil fuels in
the 1970s and then on carbon in the early 1990s, from Bengt
Johansson et al., The Use of Biomass for Energy in Sweden -
Critical Factors and Lessons Learned (Lund, Sweden: Lund
University Department of Technology and Society, August 2002)
http://www.iaea.org/inis/collection/NCLCollectionStore/_
Public/42/022/42022188.pdf.

International Renewable Energy Agency (IRENA), Renewable
Energy and Jobs - Annual Review 2017 (Abu Dhabi: 2017). Sidebar 1
from idem.

See sources in Market and Industry Trends chapter.
Dubrotkova and Sargsyan, op. cit. note 17.

See Market and Industry Trends chapter, Reference Table R1and
related endnotes for details.

Ibid.

Based on renewable power capacity data provided in this report;
on capacity additions for fossil fuels from Frankfurt School-UNEP
Collaborating Centre for Climate & Sustainable Energy Finance
and Bloomberg New Energy Finance (BNEF), Global Trends in
Renewable Energy Investment 2017 (Frankfurt: April 2017), pp.
32-33, http://fs-unep-centre.org/publications/global-trends-
renewable-energy-investment-2016; and on nuclear power
capacity data from International Atomic Energy Agency (IAEA),
PRIS Database, “Nuclear Power Capacity Trends”, http://www.
iaea.org/pris/, updated 5 May 2017. Note that “some 87 GW" of
coal-fired power capacity was added in 2016, but 33 GW was
decommissioned, from Frankfurt School-UNEP Centre and BNEF,
op. cit. this note, p. 33.

See Market and Industry Trends chapter, Reference Table R1and
related endnotes for details.

See, for example, past editions of this report and Frankfurt
School-UNEP Centre and BNEF, op. cit. note 32, p. 33.

Share of net additions from an estimate of 61.9%, based on a

total of approximately 161.1 GW of renewable capacity added
(net), as noted in this report, and on assumed net additions of
99.3 GW nuclear and fossil fuel capacity, for a total of 260.43 GW
of global net additions, of which renewables account for 61.9%.
Nuclear and fossil fuel estimate based on the following: net
capacity additions of 54 GW of coal and 37 GW of natural gas,
from Frankfurt School-UNEP Centre and BNEF, op. cit. note

32, p. 33. Gross capacity additions of coal were “"some 87 GW",
from idem. Note that per BNEF, there also were net reductions in
oil-fired generating capacity (totalling 9 GW) that are not included
in these calculations, from Frankfurt School-UNEP Centre and
BNEF, op. cit. note 32, p. 33. Net nuclear capacity increase of
8.33 GW based on year-end 2015 and year-end 2016 cumulative
operational capacity, from IAEA, op. cit. note 32. See Reference
Table R1, technology sections in Market and Industry Trends
chapter and related endnotes for more detail on renewable power
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generating capacity. Note that some hydropower capacity added
may have been for refurbishment of existing plants; however,
even omitting half of hydro capacity as net (replacement), the
renewable energy share is approximately 60%.

Renewable share of total global electric generating capacity is
based on an estimated renewable total approaching 2,017 GW at
end-2016 (see Reference Table R1 and related endnote for details
and sources) and on total global electric capacity in the range

of 6,660.5 GW. Estimated total global capacity for end-2016 is
based on 2015 total of 6,400 GW, from IEA, op. cit. note 1, p. 258;
on nearly 260.5 GW of net power capacity additions in 2016,

as outlined in endnote 35. Share of generation based on the
following: Total global electricity generation in 2016 is estimated
at 24,756 TWh, based on 24,098 TWh in 2015 from BP, Statistical
Review of World Energy 2016 (London: 2016), and an estimated
2.73% growth in global electricity generation for 2016. The
growth rate is based on the weighted average actual change

in total generation for the following countries (which together
account for nearly two-thirds of global generation in 2015):
United States (+0.03% net generation), EU-28 (+0.31%), Russian
Federation (+2.1%), India (+6.49%), China (+5.6%) and Brazil
(+1.33%). Sources for 2015 and 2016 total electricity generation
by country are: US Energy Information Administration (EIA),
Electric Power Monthly with Data for December 2016 (Washington,
DC: February 2017), Table 1.1, European Commission, Eurostat
database, http://ec.europa.eu/eurostat; System Operator of the
Unified Energy System of Russia, Report on the Unified Energy
System in 2016 (Moscow: 31 January 2017), http://www.so-ups.ru/
fileadmin/files/company/reports/disclosure/2017/ups_rep2016.
pdf; Government of India, Ministry of Power, Central Electricity
Authority (CEA), “Monthly Generation Report,” http://www.
cea.nic.in/monthlyarchive.html; National Bureau of Statistics

of China, “Statistical communiqué of the People's Republic of
China on the 2016 national economic and social development”,
press release (Beijing: 28 February 2017), http://www.stats.gov.
cn/english/PressRelease/201702/t20170228_1467503.html;
National Electrical System Operator of Brazil (ONS), "Geragéao de
Energia", http://www.ons.org.br/historico/geracao_energia.aspx.
Hydropower generation in 2016 of 4,102 TWh from IHA, 2017 Key
Trends in Hydropower, op. cit. note 1. CSP estimated at 10.09 TWh,
based on the reported output of Spain and the United States
(totalling 8,460 GWh) and by applying their average capacity
factor to remaining global CSP capacity of 777 MW. Spain’s
capacity based on data in CSP section of Market and Industry
Trends chapter and related endnotes, and generation in 2016 from
REE, "Statistical series of the Spanish electricity system", http://
www.ree.es/en/statistical-data-of-spanish-electrical-system/
national-indicators/national-indicators; US capacity from CSP
section in Market and Industry Trends chapter and related
endnotes, and from EIA, Electric Power Monthly (Washington,
DC: February 2017), Table 6.2.B., http://www.eia.gov/electricity/
monthly/pdf/epm.pdf; and US CSP generation from idem, Table
1.1.A. Sources for other renewable generation in 2016 are detailed
by technology in the Market and Industry Trends chapter. Figure
4 based on idem.

Rankings were determined by gathering data for over 70 countries
based on the world's top countries for cumulative capacity of
hydro, wind, solar PV, CSP, biomass, geothermal and ocean
power. See Market and Industry Trends chapter and related
endnotes for more detailed information. Country data from the
following sources: China: Hydropower based on data from China
National Energy Administration (CNEA), summary of national
electric industry statistics for 2016, http://www.nea.gov.cn/2017-
01/16/c_135986964.htm; capacity additions in 2016, including
pumped storage, from China Electricity Council, annual report

on national power system, 25 January 2017, http://www.cec.org.
cn/yaowenkuaidi/2017-01-25/164285.html; capacity, including
pumped storage, at year-end 2015 from CNEA, 13th Five-Year-
Plan for Hydro Power Development (Beijing: 29 November 2016),
http://www.nea.gov.cn/135867663_14804701976251n.pdf. Wind
power from Shi Pengfei, Chinese Wind Energy Association
(CWEA), personal communication with REN21, 21 March 2017,
and from Global Wind Energy Council (GWEC), Global Wind
Report - Annual Market Update 2016 (Brussels: April 2017), http://
www.gwec.net/strong-outlook-for-wind-power/. Solar PV from
Dazhong Xiao, “2016 photovoltaic power generation statistics”,
National Energy Board, 4 February 2017, http://www.nea.gov.
cn/2017-02/04/c_136030860.htm (using Google Translate),

and from IEA Photovoltaic Power Systems Programme (PVPS),
Snapshot of Global Photovoltaic Markets 2016 (Paris: April 2017),
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p. 15, http://iea-pvps.org/fileadmin/dam/public/report/statistics/
IEA-PVPS_-_A_Snapshot_of_Global_PV_-_1992-2016__1_.
pdf. Bio-power from IEA, op. cit. note 8, and from IRENA,
Renewable Capacity Statistics 2017 (Abu Dhabi: 2017), http://
www.irena.org/DocumentDownloads/Publications/IRENA_RE_
Capacity_Statistics_2017.pdf. Geothermal power from CNEA,
13th Five-Year-Plan for Geothermal Power (Beijing: 6 February
2017), http://www.nea.gov.cn/136035635_14863708180701n.pdf,
provided by Frank Haugwitz, Asia Europe Clean Energy (Solar)
Advisory Company, Ltd (AECEA), personal communication with
REN21, February 2017. CSP from US National Renewable Energy
Laboratory (NREL), “Concentrating solar power projects in
China", http://www.nrel.gov/csp/solarpaces/by_country_detail.
cfm/country=CN, updated 17 April 2017, and from CSP Today,
"Projects Tracker”, http://tracker.newenergyupdate.com/tracker/
projects, viewed on numerous dates leading up to 27 March 2017;
see CSP section in Market and Industry Trends chapter for more
details. Ocean power from Ocean Energy Systems (OES), Annual
Report 2015 (Lisbon: April, 2016), https://www.ocean-energy-
systems.org, and from IRENA, op. cit. this note. United States:
Hydropower from US EIA, op. cit. note 36, Tables 6.2.B and 6.3;
wind power from American Wind Energy Association (AWEA),
AWEA U.S. Wind Industry Annual Market Report Year Ending
2016 (Washington, DC: April 2017); solar PV from GTM Research,
personal communication with REN21, 2 May 2017; biopower
from US Federal Energy Regulatory Commission (FERC),

Office of Energy Projects Energy Infrastructure, “Update for
December 2016", https://www.ferc.gov/legal/staff-reports/2016/
dec-energy-infrastructure.pdf; geothermal from US Geothermal
Energy Agency (GEA), unpublished database, provided by
Benjamin Matek, GEA, personal communication with REN21,

11 May 2016, and from EIA, op. cit. note 36, Table 6.2.B; CSP

from NREL, “Concentrating solar power projects in the United
States”, https://www.nrel.gov/csp/solarpaces/by_country_detail.
cfm/country=US, updated 14 April 2017, and from CSP Today,
op. cit. this note, viewed on numerous dates leading up to 27
March 2017; ocean power from OES, op. cit. this note, and from
IRENA, op. cit. this note. Brazil: Hydropower based on data from
National Agency for Electrical Energy (ANEEL), "Resumo geral
dos novos empreendimentos de geragdo”, http://www.aneel.gov.
br/documents/655816/15240845/Resumo_Geral_das_Usinas_
abril_2017/289799f3-1f4c-8491-39f2-ba170ad8b37e, updated
March 2017; wind power from Associacéo Brasileira de Energia
Edlica (ABEEGdlica), “Dados Mensais”, January 2017, http://www.
abeeolica.org.br/wp-content/uploads/2017/01/Dados-Mensais-
ABEEolica-01.2017-1.pdf, pp. 4, 6; solar PV from Ministério de
Minas e Energia, Brasil, Boletim Mensal de Monitoramento do
Sistema Elétrico Brasileiro, Dezembro 2016, provided by Arnaldo
Vieira de Carvalho, Inter-American Development Bank, personal
communication with REN21, 5 May 2017; bio-power from Empresa
de Pesquisa Energética (EPE), Brazilian Energy Balance 2016 (Rio
de Janeiro: 2016), and from Ministério de Minas e Energia (MME),
Anudrio Estatistico 2016 (Rio de Janeiro: EPE, 2016). Germany:
Hydropower, wind power, solar PV, bio-power and geothermal
power all from German Federal Ministry for Economic Affairs
and Energy (BMWi), Zeitreihen zur Entwicklung der erneuerbaren
Energien in Deutschland, unter Verwendung von Daten der
Arbeitsgruppe Erneuerbare Energien-Statistik (AGEEStat) (Stand:
Februar 2017), p. 7, http://www.erneuerbare-energien.de/EE/
Redaktion/DE/Downloads/zeitreihen-zur-entwicklung-der-
erneuerbaren-energien-in-deutschland-1990-2016.pdf; CSP
from NREL, “Concentrating solar power projects in Germany”,
http://www.nrel.gov/csp/solarpaces/by_country_detail.cfm/
country=DE, updated 12 February 2013, and from CSP Today,
op. cit. this note, viewed on numerous dates leading up to 27
March 2017. Canada: Hydropower based on data from Statistics
Canada, Table 127-0009, “Installed generating capacity, by class
of electricity producer”, http://wwwb5.statcan.gc.ca, from IHA,
2016 Key Trends in Hydropower, op. cit. note 1, IHA, personal
communication, op. cit. note 1, and no evidence of capacity
completed during 2016; wind power from Canadian Wind Energy
Association (CanWEA), "Installed capacity”, http://canwea.ca/
wind-energy/installed-capacity/, viewed 17 February 2017; solar
PV from IEA PVPS, op. cit. this note; bio-power from IEA, op. cit.
note 8; CSP (pilot only) from NREL, “City of Medicine Hat ISCC
Project”, http://www.nrel.gov/csp/solarpaces/project_detail.cfm/
projectlD=278, updated 3 August 2015, and from CSP Today, op.
cit. this note, viewed on numerous dates leading up to 27 March
2017; ocean power from OES, op. cit. this note, and from IRENA,
op. cit. this note.
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GLOBAL OVERVIEW

China share and capacity data based on statistics and references
provided elsewhere in this section, including endnote 37. See also
Market and Industry Trends chapter and Reference Table R2.

Rankings for top countries for non-hydropower capacity based
on data provided in endnote 37, and on the following: Japan:
Hydropower based on data for 2015 from Institute for Sustainable
Energy Policies (ISEP), Renewables 2016 Japan Status Report
(Tokyo: 2016), http://www.isep.or.jp/en/jsr2016, and preliminary
estimates for 2016 additions, provided by Hironao Matsubara,
ISEP, personal communication with REN21, 13 April 2017; wind
power from GWEC, op. cit. note 37; solar PV from IEA PVPS, op.
cit. note 37, and from Gaétan Masson, Becquerel Institute and IEA
PVPS, personal communications with REN21, March-May 2016;
bio-power from Japan Ministry of Economy Trade and Industry
(MET]), provided by Matsubara, op. cit. this note; geothermal
power from ISEP, op. cit. this note. India: Hydropower based on
data from Government of India, Ministry of Power, CEA, "All India
installed capacity (in MW) of power stations"”, December 2016,
http://www.cea.nic.in/reports/monthly/installedcapacity/2016/
installed_capacity-12.pdf, from Government of India, CEA,
"Executive summary of the power sector (monthly)”, http://
www.cea.nic.in/monthlyarchive.html, and from Government

of India, Ministry of New and Renewable Energy (MNRE),
“Physical progress (achievements)”, http://www.mnre.gov.in/
mission-and-vision-2/achievements/, viewed 19 January 2017;
wind power from Government of India, Ministry of Power, CEA,
“All India Installed Capacity, Monthly Report January 2017" (New
Delhi: 2017), Table: "All India Installed Capacity (in MW) of Power
Stations (As on 31.01.2017) (Utilities)", http://www.cea.nic.in/
reports/monthly/installedcapacity/2017/installed_capacity-01.
pdf, and from GWEC, op. cit. note 37; solar PV based on data from
Government of India, MNRE, op. cit. this note, and from MNRE,
“"Physical progress (achievements)”, data as on 31 December
2015, viewed 1 February 2016; bio-power from MNRE, idem, and
accounting for national CSP capacity at end-2016; CSP from
NREL, “Concentrating solar power projects in India", http://www.
nrel.gov/csp/solarpaces/by_country_detail.cfm/country=IN,
updated 27 July 2015, from CSP Today, op. cit. note 37, viewed

on numerous dates leading up to 27 March 2017, and from Heba
Hashem, “India’s PV-led solar growth casts eyes on performance
of CSP projects”, CSP Today, 9 November 2015, http://analysis.
newenergyupdate.com/csp-today/markets/indias-pv-led-solar-
growth-casts-eyes-performance-csp-projects. Italy: Hydropower
from Gestore dei Servizi Energetici GSE S.p.A (GSE), Rapporto
Statistico, Energia da fonti rinnovabili in Italia, Anno 2015 (Rome:
March 2017), http://www.gse.it/it/Statistiche/RapportiStatistici/
Pagine/default.aspx; wind power from WindEurope, Wind in
Power 2016 European Statistics (Brussels: 9 February 2017),
https://windeurope.org/wp-content/uploads/files/about-wind/
statistics/WindEurope-Annual-Statistics-2016.pdf; solar PV
from IEA PVPS, op. cit. note 37; bio-power from GSE, provided
by Luca Benedetti, GSE, Rome, personal communication with
REN21, 3 May 2017; geothermal power from GSE, Rapporto
Statistico, Energia da fonti rinnovabili in Italia, Anno 2015, op.

cit. this note; CSP (all pilots) from NREL, "Concentrating solar
power projects in Italy”, http://www.nrel.gov/csp/solarpaces/
by_country_detail.cfm/country=IT, updated 16 February 2015,
and from CSP Today, op. cit. note 37, viewed on numerous dates
leading up to 27 March 2017; ocean power from IRENA, op.

cit. note 37. Spain: Hydropower from Red Eléctrica de Espafia
(REE), "Potential instalada nacional (MW)", http://www.ree.
es/en/statistical-data-of-spanish-electrical-system/national-
indicators/national-indicators, viewed 18 April 2017; wind power
from WindEurope, op. cit. this note, and from REE, op. cit. this
note; solar PV from IEA PVPS, op. cit. note 37; bio-power from
IEA, op. cit. note 8; ocean power from IRENA, op. cit. note

37. United Kingdom: Hydropower from UK Department for
Business, Energy & Industrial Strategy, National Statistics,
Energy Trends Section 6: Renewables, Table 6.1 "Renewable
electricity capacity and generation”, updated 30 March 2017, p.
69, https://www.gov.uk/government/statistics/energy-trends-
section-6-renewables; wind power from WindEurope, op. cit.
this note; solar PV from UK Department for Business, Energy

& Industrial Strategy, “Solar Photovoltaics Deployment in the
UK February 2017", updated 30 March 2017, https://www.gov.
uk/government/uploads/system/uploads/attachment_data/
file/585828/Solar_photovoltaics_deployment_March_2017.
xIsx; bio-power from UK Department for Business, Energy &
Industrial Strategy, National Statistics, Energy Trends section 6:
Renewables, op. cit. this note; ocean power from IRENA, op. cit.
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note 37. Figure 5 based on sources in this note and in endnote
37, and on global data available throughout this report, including
Reference Tables R1 (and associated endnote) and R2, as well as
on data for the following: European Union (EU-28): Hydropower
from European Commission, Eurostat, Energy Database, http://
ec.europa.eu/eurostat/web/energy/data/database, viewed May
2017; wind power from WindEurope, op. cit. this note; solar PV
from Gaétan Masson, IEA PVPS and Becquerel Institute, personal
communication with REN21, 8 May 2017; bio-power from |IEA,
op. cit. note 8; geothermal from Eurostat, op. cit. this note; CSP
from Luis Crespo, European Solar Thermal Electricity Association
(ESTELA), Brussels, personal communication with REN21, 21
February 2016, REE, op. cit. this note, from NREL, “Concentrating
solar power projects”, http://www.nrel.gov/csp/solarpaces/, and
from CSP Today, “Global Tracker”, http://social.csptoday.com/
tracker/projects, continuously updated and viewed on numerous
occasions leading up to 27 March 2017; ocean power from
IRENA, op. cit. note 37. Russian Federation: Hydropower from
System Operator of the Unified Energy System of Russia, op. cit.
note 36; wind power from WindEurope, op. cit. this note; solar
PV from IRENA, op. cit. note 37; bio-power from IEA, op. cit. note
8; geothermal based on data from GEA, op. cit. this note; ocean
power from IRENA, op. cit. note 37. South Africa: Hydropower
from Hydro4Africa, "African Hydropower Database - South
Africa”, http://hydro4africa.net, viewed May 2017; wind power
from GWEC, op. cit. note 37; solar PV from IEA PVPS, op. cit. note
37; bio-power from IEA, op. cit. note 8; CSP from CSP Today,

op. cit. note 37, and from NREL, “Concentrating solar power
projects by project name”, http://www.nrel.gov/csp/solarpaces/
by_project.cfm, viewed on numerous dates leading up to 27
March 2017.

Based on population data for 2015 from World Bank, “World
Development Indicators - Population, Total”, 2017, http://data.
worldbank.org/indicator/SP.POPTOTL, updated 23 March

2017, on data gathered from various sources for more than 70
countries, and on data and references provided elsewhere in
this chapter, in Market and Industry Trends chapter and from

the following: Iceland: Wind power from WindEurope, op. cit.
note 39; solar PV from IRENA, op. cit. note 37; geothermal power
from IEA Geothermal Implementing Agreement, Annual Report
2015 (Paris: February 2017), http://iea-gia.org/wp-content/
uploads/2017/02/2015-1EA-Geothermal-Annual-Report.pdf.
Denmark: Wind power from WindEurope, op. cit. note 39; solar
PV from IEA PVPS, op. cit. note 37; biopower based on IEA, op.
cit. note 8, and on IRENA, op. cit. note 37. Sweden: Wind power
from WindEurope, op. cit. note 39; solar PV from IEA PVPS, op.
cit. note 37, p. 4; bio-power from IEA, op. cit. note 8; ocean power
from OES, op. cit. note 37, and from IRENA, op. cit. note 37.

For wind power shares: Denmark from Energinet.dk, cited in
David Weston, “Danish wind share falls in 2016", Windpower
Monthly, 13 January 2017, http://www.windpowermonthly.
com/article/1420900/danish-wind-sharefalls-2016; Ireland
and Cyprus from WindEurope, op. cit. note 39, p. 21; Portugal
from Jodo Gomes, Associagdo Portuguesa de Energias
Renovéveis, personal communication with REN21, April 2017;
Costa Rica from Instituto Costarricense de Electricidad,
Generacicn y Demanda Informe Annual Centro Nacional de
Control de Energia, 2016 (San José: March 2017), p. 4, https://
appcenter.grupoice.com/CenceWeb/CenceDescargaArchivos.
jsf?init=true&categoria=3&codigoTipoArchivo=3008; see Wind
Power section in Market and Industry Trends chapter for more
details. Solar PV shares: Honduras from Empresa Nacional

de Energia Eléctrica (ENEE), Boletin Estadistico Diciembre
2016 (Tegucigalpa: undated), p. 5, http://www.enee.hn/
planificacion/2016/Boletines/BOLETIN%20%20DICIEMBRE%20
2016.pdf; Italy from Terna, Rapporto mensile sul Sistema
Elettrico (Rome: December 2016), p. 13, http://download.terna.
it/terna/0000/0893/13.PDF; Greece from Greek Operator for
Electricity Market, Independent Power Transmission Operator,
provided by loannis Tsipouridis, R.E.D. Pro Consultants S.A.,
Athens, personal communication with REN21, 21 April 2017;
Germany from BMWi, op. cit. note 37, pp. 41-42.

Max Dupuy and Ranjit Bharvirkar “Renewables in China and
India: how two Asian giants struggle with inflexible power system
operations”, Utility Dive, 26 April 2016, http://www.utilitydive.
com/news/renewables-in-china-india-how-two-asian-giants-
struggle-with-inflexible/418118/.

Arthur Neslen, "Wind power generates 140% of Denmark’s
electricity demand", The Guardian (UK), 10 July 2015,
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GEOTHERMAL POWER AND HEAT
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Zealand from International Energy Agency (IEA) Geothermal,
Annual Report 2015 (Taupo, New Zealand: February 2017), http://
iea-gia.org/wp-content/uploads/2017/02/2015-IEA-Geothermal-
Annual-Report.pdf; Italy from Antonello Di Pardo, Gestore dei
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MARKET AND INDUSTRY TRENDS - HYDROPOWER

HYDROPOWER !
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April 2017), http://www.hydropower.org, and on IHA, personal
communication with REN21, March-April 2017. Total installed 8
capacity is 1,246 GW (31.5 GW added), less 150 GW of pumped

storage (6.4 GW added). 9
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capacity, capacity growth, utilisation and investment from

China CNEA, summary of national electric industry statistics 10

for 2016, http://www.nea.gov.cn/2017-01/16/c_135986964.

htm; capacity additions in 2016, including pumped storage,

from China Electricity Council, annual report on national n

power system, 25 January 2017, http://www.cec.org.cn/ 12

yaowenkuaidi/2017-01-25/164285.html; capacity, including 13

pumped storage, at year-end 2015 from CNEA, 13th Five-Year- 4

Plan for Hydro Power Development (Beijing: 29 November
2016), http://www.nea.gov.cn/135867663_14804701976251n.
pdf; generation of 1,193.4 TWh and annual growth of 5.6% from
National Bureau of Statistics of China, “Statistical communiqué 15
of the People's Republic of China on the 2016 national economic

and social development”, press release (Beijing: 28 February

2017), http://www.stats.gov.cn/english/PressRelease/201702/ 16
t20170228_1467503.html. Brazil: 5,292 MW (5,002 MW large
hydro, 203 MW small hydro and 87 MW very small hydro) added 7

in 2016, from National Agency for Electrical Energy (ANEEL),

"Resumo geral dos novos empreendimentos de geracéo”, http://
www.aneel.gov.br/documents/655816/15224356/Resumo_
Geral_das_Usinas_margo_2017.zip, updated March 2017; large

hydro capacity is listed as 91,499 MW at end-2016, small (1-30

MW) hydro as 4,941 MW and very small (less than 1 MW) hydro

as 484 MW (compared to 398 MW in the previous year), for a 18
total of 96,925 MW; generation from National Electrical System

Operator of Brazil (ONS), “Geragéo de energia”, http://www.ons.
org.br/historico/geracao_energia.aspx. United States: capacity

from US Energy Information Administration (EIA), Electric Power
Monthly, February 2017, Tables 6.2.B and 6.3, http://www.eia.gov/
electricity/monthly; generation from idem, Table 1.1. Canada: data

for 2015 only from Statistics Canada, "Table 127-0009 installed 19
generating capacity, by class of electricity producer”, http://
wwwb5.statcan.gc.ca/cansim; generation for 2015 only from idem,
“Table 127-0002 electric power generation, by class of electricity
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System Operator of the Unified Energy System of Russia, Report
on the Unified Energy System in 2016 (Moscow: 31 January

2017), http://www.so-ups.ru/fileadmin/files/company/reports/
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of India, Ministry of Power, Central Electricity Authority
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December 2016, http://www.cea.nic.in/reports/monthly/
installedcapacity/2016/installed_capacity-12.pdf; capacity
additions in 2016 (greater than 25 MW) of 415 MW from idem,
"Executive summary of the power sector (monthly)”, http://www.
cea.nic.in/monthlyarchive.html; installed capacity in 2016 (<25 21
MW) of 4,325 MW from Government of India, Ministry of New and
Renewable Energy (MNRE), “Physical progress (achievements)”,
http://www.mnre.gov.in/mission-and-vision-2/achievements/,

viewed 19 January 2017; capacity additions in 2016 (<25 MW) of

148 MW based on difference of year-end 2016 figure (above) and
year-end 2015 figure (4,177 MW) from MNRE, idem; generation for

plants larger than 25 MW (120.4 TWh) from Government of India,

CEA, "Executive summary of the power sector (monthly)”, op. cit.

this note; output from hydro plants smaller than 25 MW (8.2 TWh) 22
from idem, “Renewable energy generation report”, http://www.
cea.nic.in/monthlyarchive.html. Norway: capacity and generation
from Statistics Norway, https://www.ssb.no, and from Norwegian
Water Resources and Energy Directorate, https://www.nve.no/
Media/5258/ny_kraft_tillatelser_og_utbygging_4kv_16.pdf.
Figure 13 based on capacity and generation sources provided in
this note.

20

23

3 Estimate based on IHA, op. cit. note 1, and on IHA, Hydropower 24
Status Report 2016 (London: May 2016), http://www.hydropower.org.
IHA, op. cit. note 1.

5  Capacity values by country from sources provided in endnote 2
and from IHA, op. cit. note 1. Figure 14 based on idem.

6  See text and sources throughout this section.
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Total capacity, capacity growth, utilisation and investment from
CNEA, op. cit. note 2; capacity additions in 2016, including
pumped storage, from China Electricity Council, op. cit. note 2;
capacity, including pumped storage, at year-end 2015 from CNEA,
13th Five-Year-Plan, op. cit. note 2.

Ibid., all references.

Growth of 6.2% and resource conditions from China Electricity
Council, op. cit. note 2; generation of 1,193.4 TWh and annual
growth of 5.6% from National Bureau of Statistics of China, op.
cit. note 2.

CNEA, summary of national electric industry statistics for 2016,
op. cit. note 2.

CNEA, 13th Five-Year-Plan, op. cit. note 2.

ANEEL, op. cit. note 2.

Generation from ONS, op. cit. note 2.
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hidrelétricas”, March 2017, http://www.aneel.gov.br/
documents/655816/15224356/Ralie_UHE_mar_17.pdf.

ANEEL, op. cit. note 14; ANEEL, op. cit. note 15.

Sebastian Espinoza, Instituto Nacional de Eficiencia Energética

y Energias Renovables (INER), Quito, Ecuador, personal
communication with REN21, December 2016; doubling of capacity
based on International Renewable Energy Agency (IRENA),
Renewable Energy Statistics 2017 (Abu Dhabi: 2017), http://
www.irena.org/DocumentDownloads/Publications/IRENA_RE_
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gezhouba/2016-08/25/content_27110790.htm.

Government of Peru, Organismo Supervisor de la Inversién en
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viewed May 2017; Rumbo Minero, "Hidroeléctrica Chaglla inicia
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14 September 2016, https://www.esi-africa.com/news/
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Ethiopia: Gibe Ill to come online mid 2015", ESI Africa,

20 March 2015, https://www.esi-africa.com/news/
hydropower-ethiopia-gibe-iii-online-mid-2015; "Gibe Il

hydro plant: Ethiopia rolls out power generation”, ESI Africa,

1 September 2015, https://www.esi-africa.com/news/
gibe-iii-hydro-plant-ethiopia-rolls-out-power-generation/.

"Gibe Ill hydro plant: Ethiopia rolls out power generation”, op. cit.
note 21; "Ethiopia uses Chinese transformers to bolster power
transmission”, ESI Africa, 18 August 2014, https://www.esi-africa.
com/news/ethiopia-uses-chinese-transformers-to-bolster-
power-transmission/.

IHA, op. cit. note 19; IHA, 2017 Key Trends in Hydropower, op. cit.
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Vietnam Electricity Corporation - National Electricity Center,
press release (Hanoi: 16 November 2016), http://www.nldc.evn.
vn/FullNewsg/6/He-thong-dien/default.aspx; Vietnam Electricity
Corporation - National Electricity Center, press release (Hanoi:
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At least 75 GW added from International Energy Agency (IEA)
Photovoltaic Power Systems Programme (PVPS), Snapshot

of Global Photovoltaic Markets 2016 (Paris: April 2017), p. 4,
http://www.iea-pvps.org/fileadmin/dam/public/report/PICS/
IEA-PVPS_-__A_Snapshot_of_Global_PV_-_1992-2015_-_
Final_2_02.pdf. Note that some countries report data officially
in alternating current (AC) (e.g., Canada, Chile, Japan since 2012,
and Spain); these data were converted to direct current (DC) by
relevant sources provided in this section for consistency across
countries. Most utility-scale solar PV plants built in 2016 have
an AC-DC ratio between 1.2 and 1.5, from IEA PVPS, op. cit.

this note. The GSR 2017 attempts to report all solar PV data in
DC units, and only capacity that is in operation at year’s end.
Number of panels based on average of 270 watts per panel, from
Gaétan Masson, Becquerel Institute and IEA PVPS, personal
communications with REN21, March-May 2016.

Market increase relative to 2015 based on data from IEA PVPS,
Snapshot of Global Photovoltaic Markets 2015 (Paris: April

2016), http://www.iea-pvps.org/fileadmin/dam/public/report/
statistics/IEA-PVPS_-__A_Snapshot_of_Global_PV_-_1992-
2015_-_Final.pdf; from SolarPower Europe, "2015: A positive year
for solar”, press release (Brussels: 3 March 2016), http://www.
solarpowereurope.org/media/press-releases/; and from IEA
PVPS, op. cit. note 1. Larger than total five years earlier based on
cumulative world capacity of 70 GW (69,876.2 MW) at the end of
2011, from IEA PVPS, op. cit. this note, p. 68.

At least 303 GW, from IEA PVPS, op. cit. note 1, p. 7. Figure 15
based on data from IEA PVPS, Trends in Photovoltaic
Applications, 2016: Survey Report of Selected IEA Countries
Between 1992 and 2015 (Paris: 2016), http://www.ieapvps.org/
fileadmin/dam/public/report/national/Trends_2016_-_mr.pdf,
and from IEA PVPS, op. cit. note 1.

Fourth consecutive year based on 2015 being the third
consecutive year, from Masson, op. cit. note 1; share of global
additions based on data from SolarPower Europe, “What's next
for solar in Europe?” press release (Brussels: 7 March 2017),
http://www.solarpowereurope.org/media/press-releases/, and
from country-specific sources cited in this section.

About 85% calculated based on data from IEA PVPS, op. cit.
note 1, p. 15; the share of the top five was 84%, from SolarPower
Europe, personal communication with REN21, 1 April 2017;
rankings of top 10 from IEA PVPS, op. cit. note 1, and of top five
also from SolarPower Europe, op. cit. this note.

IEA PVPS, op. cit. note 1, p. 10, and national data and sources
cited elsewhere in this section. Figure 16 based on data from IEA
PVPS, op. cit. note 3, p. 68, on IEA PVPS, op. cit. note 1and on
national data for China, Japan, United States and Germany cited
elsewhere in this section.

IEA PVPS, op. cit. note 1, p. 4; Anand Gupta, "PV Market Alliance
announces the 2016 PV market at 75 GW and a stable market in
2017", EQ International, 19 January 2017, https://www.egmagpro.
com/pv-market-alliance-announces-the-2016-pv-market-at-75-
gw-and-a-stable-market-in-2017/; SolarPower Europe, Global
Market Outlook for Solar Power: 2015-2019 (Brussels: 2015),

Every continent and 24 countries from IEA PVPS, op. cit. note
1, p. 5; 114 countries based on Chris Werner et al., “Latest
developments in global installed photovoltaic capacity and
identification of hidden growth markets”, 2016, cited in IEA
PVPS, op. cit. note 3. Note that 196 countries had solar PV
installations by the end of 2015, from Chris Werner et al.,

Global Photovoltaics in 2015 - Analysis of Current Solar Energy
Markets and Hidden Growth Regions, paper for 32nd European
Photovoltaic Solar Energy Conference, Munich, June 2016,
https://www.researchgate.net/publication/304540589_Global_
Photovoltaics_in_2015_-_Analysis_of_Current_Solar_Energy_
Markets_and_Hidden_Growth_Regions.

IEA PVPS, op. cit. note 1, p. 12, and from Becquerel Institute,
provided by Philippe Macé, Becquerel Institute, personal
communication with REN21, 10 May 2017.

Masson, op. cit. note 1; SolarPower Europe, Global Market
Outlook for Solar Power: 2016-2020 (Brussels: 2016); Gregory F.
Nemet et al., Characteristics of Low-Priced Solar Photovoltaic
Systems in the United States (Berkeley, CA: Lawrence Berkeley
National Laboratory (LBNL), January 2016), p. 1, https://emp.lbl.
gov/sites/all/files/Ibnl-1004062.pdf. In many markets, including
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in Africa, Asia and Latin America, solar PV is viewed as a way to
meet renewable energy and climate mitigation targets quickly
and cost-effectively, from Mohit Anand, GTM Research, cited

in Mike Munsell, "GTM Research: Global solar PV installations
grew 34% in 2015", Sonnenseite, 23 January 2016, http://www.
sonnenseite.com/en/energy/gtm-research-global-solar-pv-
installations-grew-34-in-2015.html.

Cost-effective through tenders, from Gaétan Masson, Becquerel
Institute and IEA PVPS, personal communication with REN21,
28 February 2017; energy access from, for example, International
Renewable Energy Agency (IRENA), Solar PV in Africa: Costs
and Markets (Abu Dhabi: September 2016), p. 9, https://www.
irena.org/DocumentDownloads/Publications/IRENA_Solar_
PV_Costs_Africa_2016.pdf. See Distributed Renewable Energy
chapter for more information.

IEA PVPS, op. cit. note 3, pp. 37-38; Jennifer Runyon, “Solar
outlook 2017: the global market marches on”, Renewable Energy
World, January/February 2017, pp. 14-17; Masson, op. cit. note 11;
Paula Mints, "Notes from the Solar Underground: 2016 - what
just happened?” SPV Market Research, 8 December 2016,
https://paulamspv.com/2016/12/04/notes-from-the-solar-
underground-2016-what-just-happened/; Mike Munsell, "5 trends
that will shape the global solar market for the rest of the year”,
Greentech Media, 3 August 2016, http://www.greentechmedia.
com/articles/read/5-Trends-that-Will-Shape-the-Global-Solar-
Market-In-Q2-2016.

China added 34.54 GW for a year-end total of 77.42 GW, from
Dazhong Xiao, "2016 photovoltaic power generation statistics”,
China National Energy Board, 4 February 2017, http://www.nea.
gov.cn/2017-02/04/c_136030860.htm (using Google Translate).
China added 34.53 GW for a year-end total of 78.07 GW, from IEA
PVPS, op. cit. note 1, p. 15. Figure 17 based on country-specific
data and on sources provided throughout this section, and on
data for Italy and Spain from IEA PVPS, op. cit. note 1.

“China to slow green growth for first time after record boom”,
Bloomberg, 22 September 2016, http://www.bloomberg.com/
news/articles/2016-09-22/china-to-rein-in-green-growth-for-
first-time-after-record-boom; Frank Haugwitz, Asia Europe
Clean Energy (Solar) Advisory Company, Ltd. (AECEA), personal
communication with REN21, 8 May 2017.

Joe Ryan, “Solar industry braces with looming glut eroding panel
prices”, Bloomberg, 23 August 2016, https://www.bloomberg.
com/news/articles/2016-08-23/solar-industry-braces-as-
looming-glut-threatens-to-erode-prices; Gaétan Masson,
“Market booms, overcapacities and 2016 as the beginning of a
new PV market cycle”, Becquerel Institute, 10 November 2016,
http://becquerelinstitute.org/market-booms-overcapacities-
and-2016-as-the-beginning-of-a-new-pv-market-cycle/;
Haugwitz, op. cit. note 14. China installed an estimated 20

GW during the first six months of 2016, although some of this
was for experimental rooftop and installations in poor areas,
which do not count toward the target, from Roberto Labastida,
"Advanced module technologies moving onto the main stage”,
Renewable Energy World, 31 October 2016, http://www.
renewableenergyworld.com/articles/2016/10/advanced-module-
technologies-moving-onto-the-main-stage.html.

Haugwitz, op. cit. note 14; SolarPower Europe, op. cit. note 5.

Top market and installations based on data from Xiao, op. cit.
note 13; "no-go" area from AECEA, Briefing Paper - China Solar
PV Development, January 2017, p. 1; Xinjiang's 2016 installations
exceeded government guiding targets by 300%, from idem.

Xiao, op. cit. note 13. The nine provinces were Shandong (3.22
GW added), Henan (2.44 GW), Anhui (2.25 GW), Hebei (2.03
GW), Jiangxi (1.85 GW), Shanxi (1.83 GW), Zhejiang (1.75 GW),
Hubei (1.38 GW) and Jiangsu (1.23 GW), from idem.

Figure of 86% based on data from Ibid.; of the total in operation
at end-2016, 67.1 GW was classified as large-scale plants and
10.33 GW as distributed. Pushing for distributed and grid
inadequacy from IEA-PVPS, op. cit. note 3, p. 43, http://www.iea-
pvps.org/fileadmin/dam/public/report/national/Trends_2016_-_
mr.pdf. The distributed market increased by more than 200%,
from AECEA, op. cit. note 17, p. 1; note that "distributed” in China
includes projects that are ground-mounted up to 20 MW and that
meet various conditions, per Frank Haugwitz, AECEA, personal
communication with REN21, 17 February 2017.

Up 11-fold based on cumulative capacity of 6,750 MW at
end-2012, from IEA PVPS, op. cit. note 3, p. 68; grid congestion
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and delays from, for example, “China’s NDRC order grid
operators to purchase curtailed solar power in congested
regions”, PV Magazine, 1 June 2016, https://www.pv-magazine.
com/2016/06/01/chinas-ndrc-order-grid-operators-to-purchase-
curtailed-solar-power-in-congested-regions_100024816/; Feifei
Shen, "China’s grid operator blames bad planning for idled
renewable energy”, Renewable Energy World, 1 April 2016, http://
www.renewableenergyworld.com/articles/2016/04/china-s-grid-
operator-blames-bad-planning-for-idled-renewable-energy.html.

Challenge in 2015 from China National Energy Board, cited in
China Electricity Council, “2015 PV-related statistics”, 6 February
2016, http://www.cec.org.cn/yaowenkuaidi/2016-02-05/148942.
html (using Google Translate); inadequate transmission from
Paula Mints, “Notes from the Solar Underground: The solar roller
coaster and those along for the ride - First Solar, SunPower,
Q-Cells", Renewable Energy World, 1 September 2016, http://
www.renewableenergyworld.com/articles/2016/08/notes-from-
the-solar-underground-the-solar-roller-coaster-and-those-along-
for-the-ride-first-solar-sunpower-g-cells.html.

Minimum guaranteed hours from Julie Zhu, “"Solar power's

time to shine in China", Finance Asia, 14 June 2016, http://www.
financeasia.com/News/426847,solar-powers-time-to-shine-
in-china.aspx; "China’s NDRC order grid operators to purchase
curtailed solar power in congested regions”, PV Magazine, 1 June
2016, https://www.pv-magazine.com/2016/06/01/chinas-ndrc-
order-grid-operators-to-purchase-curtailed-solar-power-in-
congested-regions_100024816/; Max Dupuy and Xuan Wang,
“China’s string of new policies addressing renewable energy
curtailment: an update”, Regulatory Assistance Project, 8 April
2016, http://www.raponline.org/featured-work/chinasstring-
of-new-policies-addressing-renewable-energy-curtailment-an;
“China ban on new coal power eases clean energy waste, WRI
says", Bloomberg, 29 April 2016, http://www.bloomberg.com/
news/articles/2016-04-29/china-ban-on-new-coal-power-
eases-clean-energy-waste-wri-says; transmission lines from

Li Ying, “Blowing in the wind”, China Dialogue, 31 March 2016,
https://www.chinadialogue.net/article/show/single/en/8965-
Blowing-in-the-wind; Cathy Chen and David Stanway, “China
pushes for mandatory integration of renewable power”, Reuters,
28 March 2016, http://www.reuters.com/article/us-china-power-
renewables-idUSKCNOWUORF; Feifei Shen, “China’s grid blames
bad planning for idled renewable energy”, Bloomberg, 30 March
2016, http://www.bloomberg.com/news/articles/2016-03-30/
china-s-grid-blames-bad-planning-for-idled-renewable-energy.

Figure of 66.2 TWh and 1% of annual generation from Xiao, op. cit.
note 13; increase based on 39.2 TWh of generation in 2015, from
China National Energy Board, op. cit. note 21.

In 2016, the United States added 11,269.6 MW of solar PV
capacity (utility-scale plus small-scale), 8,738.1 MW of wind
power capacity, and 7,532.2 MW of natural gas capacity, from US
Energy Information Administration (EIA), Electric Power Monthly
with Data for December 2016 (Washington, DC: February 2017),
Table 6.1, https://www.eia.gov/electricity/monthly/current_year/
february2017.pdf. The country added 7,748 MW of solar power
capacity, 8,689 MW of natural gas capacity and 7,865 MW of wind
power capacity, from US Federal Energy Regulatory Commission
(FERC), "Office of Energy Projects Energy Infrastructure Update
for December 2016" (Washington, DC: 2016), https://www.ferc.
gov/legal/staff-reports/2016/dec-energy-infrastructure.pdf. Note
that all EIA data are net additions; both FERC and EIA report
lower capacity additions for solar PV and wind power because
they omit plants with a total generator nameplate capacity below
1MW.

The United States added 14,762 MW in 2016, up from 7,501 MW
of additions in 2015, for a total of 40.9 GW at end-2016, from GTM
Research, personal communication with REN21, 2 May 2017,

and from GTM Research, cited in US Solar Energy Industries
Association (SEIA), “Solar Market Insight Report 2016 Year in
Review”, http://www.seia.org/research-resources/solar-market-
insight-report-2016-year-review, viewed 2 May 2017. The country
added 7,864.9 MW of utility-scale solar PV plus 3,404.7 MW

of small-scale for a total of 11.269.6 MW added in 2016, and a
year-end cumulative capacity of 32,953.5 MW, from EIA, op. cit.
note 24. Note that EIA data omit plants with a total generator
nameplate capacity below 1 MW. The country added 14.73 GW for
a total of 40.3 GW, from IEA PVPS, op. cit. note 1, p. 15.

GTM Research and SEIA, U.S. Solar Market Insight 2016 Year
in Review, Executive Summary (Boston: March 2017), pp. 7, 9,
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https://www.greentechmedia.com/research.

Ibid., p. 9; Georgia third largest installer without additional
subsidies from Cheryl Katz, “Northern lights: large-scale solar
power is spreading across the U.S.", Yale €360, 23 March 2017,
http://e360.yale.edu/features/northern-lights-utility-scale-solar-
power-spreading-across-the-us.

GTM Research and SEIA, op. cit. note 26, p. 11.

The utility sector installed an estimated 10,593 MW in 2016,
from Ibid., pp. 11, 13. An estimated 4,032 MW of projects were in
construction by year's end and other 13,762 MW were moving
forward with signed PPAs, from idem, p. 13.

Ibid., p. 12; see also Katz, op. cit. note 27. The share of the market
represented by voluntary procurement (not driven by government
mandate) is becoming increasingly significant for utilities and
corporate customers, due to falling prices, from Shayle Kann,
GTM Research, cited in Herman K. Trabish, “As solar booms,
utilities look to build new business models with strategic
investments”, Utility Dive, 14 March 2017, http://www.utilitydive.
com/news/as-solar-booms-utilities-look-to-build-new-business-
models-with-strategic/437899/. About half of new utility-scale
projects in 2016 were built because of state renewable energy
mandates, but only 36% of the projects in development by early
2017 were driven by such policies; almost all new procurement as
of early 2017 was non-mandate driven, from GTM Research, U.S.
Solar Market Insight 2016 Year in Review, cited in Trabish, op. cit.
this note.

GTM Research and SEIA, op. cit. note 26, p. 12. Large corporate
customers accounted for about 10% of the 10.593 MW of large-
scale capacity installed during 2016, through a combination of
direct access programmes, contracts for difference and green
tariff programmes, from idem, pp. 11-12.

Ibid., pp. 5, 11. The states were California and Massachusetts.

Ibid., pp. 5, 8, 10. The slowdown also was due partly to declining
incentives, although these were offset somewhat by falling prices,
from David Renne, International Solar Energy Society, personal
communication with REN21, 10 April 2017.

GTM Research and SEIA, op. cit. note 26, p. 10.

GTM Research, U.S. Solar Market Insight 2016 Year in Review,
cited in Trabish, op. cit. note 30; establish own programmes from,
for example, North Carolina Clean Energy Technology Center,
The 50 State of Solar: Q1 2016 Quarterly Report (Raleigh, NC: April
2016), https://nccleantech.ncsu.edu/wp-content/uploads/50-
S0S-Q1-2016_Final.pdf.

SolarPower Europe, op. cit. note 10, p. 13. Regulatory disputes
and more on the net metering debate from, for example: Paula
Mints, “"Notes from the Solar Underground: the US utility war
against metering”, Renewable Energy World, 23 February 2016,
http://www.renewableenergyworld.com/articles/2016/02/
notes-from-the-solar-underground-the-us-utility-war-against-
net-metering.html; Mints, op. cit. note 12; Krysti Shallenberger,
"Utilities are getting ready for life with distributed generation

- report”, E&E News, 11 August 2015, http://www.eenews.net/
energywire/2015/08/11/stories/1060023259; GTM Research and
SEIA, U.S. Solar Market Insight: 2015 Year in Review, Executive
Summary (Washington, DC: March 2016), p. 8.

Down 20% based on 10,811 MWdc added in 2015, from IEA PVPS,
op. cit. note 3, p. 68, and on 8.6 GWdc added in 2016 for a total of
42.75 GW, from IEA PVPS, op. cit. note 1, p. 15, and from Gaétan
Masson, op. cit. note 1. Japan added 6,836 MWac for a year-end
total of 36,961 MWac (including 9,235 MWac of residential
systems (under 10 kW), 17,037 MWac of systems >10 kW and

<1 MW, and 10,688 MWac of capacity >1 MW), from Japan
Ministry of Economy Trade and Industry (METI), provided by
Hironao Matsubara, Institute for Sustainable Energy Policies
(ISEP), personal communication with REN21, 28 April 2017.

BMI Research, cited in Anne Beade, "Sun setting on Japan's

solar energy boom”, Japan Times, 30 November 2016, http://
www.japantimes.co.jp/news/2016/11/30/business/sun-setting-
japans-solar-energy-boom/; Chisaki Watanabe and Stephen
Stapczynski, "Japan’s solar boom showing signs of deflating as
subsidies wane”, Bloomberg, 5 July 2016, https://www.bloomberg.
com/news/articles/2016-07-06/japan-s-solar-boom-showing-
signs-of-deflating-as-subsidies-wane.

Beade, op. cit. note 38.

Brian Publicover, "Distributed-generation takes the lead in Japan's
new power capacity development”, Solar Asset Management, 18
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only to new coal-fired generating capacity), from Philippines
Department of Energy, Electrical Power Industry Management
Bureau, "January - June 2016 Power Situation Highlights”,
(undated), https://www.doe.gov.ph/sites/default/files/pdf/
electric_power/2016_power_situation_highlight_jan_to_june.
pdf. In addition, Turkey added 584 MW for total of 832 MW, and
Malaysia added 54 MW for a total of 286 MW, from IEA PVPS, op.
cit. note 1, p. 15.

Pakistan had several large (100 MW and larger) plants under
construction, but some were stalled due to the FIT reduction at
the end of 2015, from Aamir Saeed, “Solar scale-up in Pakistan
hits roadblock after payments slashed”, Reuters, 20 September
2016, http://planetark.org/wen/74770%20. Vietnam had more
than 30 large-scale (with capacities ranging 20-300 MW)
projects at various stages of development by late 2016, but
investors were awaiting finalisation of a national FIT before going
forward with many of these projects, from Tom Kenning, “Vietnam
has 30 large-scale solar projects under development but FiT
needed"”, PV-Tech, 2 November 2016, https://www.pv-tech.
org/news/vietnam-has-30-large-scale-solar-projects-under-
development-but-fit-needed.

Masson, op. cit. note 1. More than 32 times based on end-2016
capacity and EU (28 countries) net maximum solar PV capacity of
3,280 MW at end-2006, from Eurostat, “Infrastructure - electricity
- annual data” (Environment and Energy/Energy/Energy
Statistics - infrastructure/), updated 16 February 2017.

Global increase from SolarPower Europe, op. cit. note 4, and from
IEA PVPS, op. cit. note 1; EU decline based on additions (7.5 GW)
in 2015 from IEA PVPS, op. cit. note 2, and on additions in 2016
from SolarPower Europe, op. cit. note 5.

EU decline due largely to reduction in the United Kingdom, from
Agora Energiewende, Energy Transition in the Power Sector

in Europe: State of Affairs in 2016 (Berlin: January 2017), p. 13,
https://www.agora-energiewende.de/fileadmin/Projekte/2017/
EU_Jahresauswertung_2016/Agora_State_of_Affairs_EU_2016_
WEB.pdf; Michael Schmela, “"European solar market installs 1.56
GW in third quarter 2016, down 10% year-on-year”, SolarPower
Europe, undated, http://www.solarpowereurope.org/index.
php?id=705, viewed 27 February 2017. The United Kingdom
accounted for the entire EU market decline, from Masson, op. cit.
note 1. Other markets with increases included Belgium, Germany,
Italy, the Netherlands and Portugal, from idem.
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solar developments in Europe”, 23 March 2016, https://www.
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deployment, from Masson, op. cit. note 1. The list of countries
constraining self-consumption in some way is long (e.g., Austria,
Belgium, France, Germany, Spain), from SolarPower Europe, Solar
Market Report & Membership Directory 2016 Edition (Brussels:
April 2016), pp. 17-18.

Alexandre Roesch, SolarPower Europe, personal communication
with REN21, 17 March 2016; Masson, op. cit. note 1.

Mix in Germany and elsewhere from IEA-PVPS, op. cit. note 3, p. 66.

Roesch, op. cit. note 63; Masson, op. cit. note 1; SolarPower
Europe, op. cit. note 10.
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December_2016.xIsx, viewed 19 February 2017; UK Department
for Business, Energy & Industrial Strategy, National Statistics,
Energy Trends Section 6, op. cit. note 66.
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Industrial Strategy, National Statistics, Energy Trends Section 6,
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for Business, Energy & Industrial Strategy, National Statistics,
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file/604090/Electricity.pdf.
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Redaktion/EN/Pressemitteilungen/2016/20161012-federal-
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Konigreich Danemark”, updated 21 December 2016, https://www.
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Ausschreibungen/Internat_Ausschreibungen/PV_
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Sebastian Hermann, German Environment Agency, Dessau,
Germany, personal communication with REN21, 1 February 2017;
EuPD Research in Martin Ammon, “Status quo and potentials
for the residential segment”, presentation at European PV and
Energy Storage Market Briefing, Frankfurt, 16 February 2017,
slides 20, 21.
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ifcextapps.ifc.org/IFCExt/Pressroom/IFCPressRoom.nsf/0/ 14
E5F6A9E9D7C08B5A85257FD100651286; winning bids were

USD 0.0602 per kWh for a 45 MW plant and USD 0.0784 per kWh

for a 28 MW plant, from Eckhouse and Hirtenstein, op. cit. this

note. Many of these projects are being developed and financed

through the World Bank’s Scaling Solar programme; see http://
www.scalingsolar.org/.

IEA-PVPS, op. cit. note 3, p. 12.

Runyon, op. cit. note 12; SolarPower Europe, op. cit. note 10, p.
23. Residential markets are located primarily in Australia, several
countries in the EU, Japan and the United States. In 2015, the
global solar rooftop segment declined by 1 GW relative to 2014,
from idem.

IEA-PVPS, op. cit. note 10, p. 14. Figure 19 from IEA-PVPS,

op. cit. note 3, p. 12, and 2016 based on preliminary estimates
from Becquerel Institute, provided by Philippe Macé, Becquerel
Institute, personal communication with REN21, 15 May 2017.

IEA-PVPS, op. cit. note 3, pp. 12, 67.
Mercatus, op. cit. note 85.

Data derived from Denis Lenardic, pvresources, personal
communication with REN21, March-April 2017; Denis Lenardic,
“Large-scale PV power plants - Top50”, updated 19 March

2017, http://www.pvresources.com/en/pvpowerplants/top50pv.
php; Denis Lenardic, "Large-scale PV power plants - Ranking
51-100", updated 19 March 2017, http://www.pvresources.com/en/
pvpowerplants/top100pv.php; Denis Lenardic, “Large-scale PV
power plants - Ranking 101-150", updated 19 March 2017, http://

www.pvresources.com/en/pvpowerplants/top150pv.php. s

Ibid., all references.

The project in Yanchi, Ningxia was completed in June 2016, from
Huawei, "1 GW ground-mounted Smart PV plant in Yanchi, China”,
http://www.huawei.com/en/all-products/Solar/References/
Yanchi, viewed 19 March 2017.

Wiki-Solar, “Another record year for utility-scale solar takes

cumulative capacity close to 100 GW", 2 March 2017, http://
wiki-solar.org/library/public/170302_Utility-solar_2016_figures_
near_100GW.pdf. An estimated 55 GW of such plants are in Asia,

22.7 GW in North and Central America, 16.6 GW in Europe, 3 GW

in South America, 1.9 GW in Africa, and 0.3 GW in Australasia and
Oceania, from idem. 116

See, for example, Sarah Butler, "Marks & Spencer crowdfunds
solar panels for its stores”, The Guardian (UK), 16 June 2016,
https://www.theguardian.com/business/2016/jun/16/m-
and-s-crowdfunds-solar-panels-stores-marks-and-spencer;
Aaron Pressman, "Solar power from Apple could light up your
home”, Fortune, 4 August 2016, http://fortune.com/2016/08/04/
apple-approval-solar-electricity/; Joseph Bebon, “More major
companies commit to 100% renewables", Solar Industry Magazine,
20 September 2016, http://solarindustrymag.com/more-major-
companies-commit-to-100-renewables; “Leon moves to 100% 117
renewable energy", Eat Out Magazine, 23 August 2016, http://
eatoutmagazine.co.uk/leon-moves-100-renewable-energy;
Katherine Tweed, "72% of corporations are actively procuring
clean energy”, Greentech Media, 21 June 2016, https://www.
greentechmedia.com/articles/read/72-of-large-companies-
are-actively-procuring-clean-energy; Cassie Werber, “These
companies now run on 100% renewable power”, Quartz Media,
12 May 2016, http://qz.com/682669/these-companies-now-
run-on-100-renewable-power/; The White House, "Fact sheet:
U.S. hosts world's energy ministers to scale up clean energy and
drive implementation of the Paris Agreement”, press release
(Washington, DC: 2 June 2016), https://obamawhitehouse.
archives.gov/the-press-office/2016/06/02/fact-sheet-us-hosts-
worlds-energy-ministers-scale-clean-energy-and-drive.

For example, only 10 new community energy organisations were
registered in the United Kingdom during the first eight months

of 2016, compared to 76 during 2015; the decline was attributed
to changes in government policies, from Co-operatives UK,

“New data reveals 80 per cent drop in community-owned energy
following government U-turns”, press release (Manchester:
updated 19 October 2016), https://www.uk.coop/newsroom/new-
data-reveals-80-cent-drop-community-owned-energy-following-
government-u-turns; see also Fiona Harvey, “Just 10 new
community energy schemes registered after Tories cut subsidies”,
The Guardian (UK), 12 September 2016, https://www.theguardian.
com/environment/2016/sep/12/just-10-new-community-energy-
schemes-registered-after-tories-cut-subsidies.
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See, for example: Jason Deign, "Australian Government and
energy retailers back community solar-plus-storage projects”,
Greentech Media, 4 May 2016, https://www.greentechmedia.
com/articles/read/arena-funds-battery-plant-in-australias-
greenest-ever-neighborhood; ReneSola, “ReneSola connects
26MW of solar projects to UK grid", press release (Shanghai:

5 July 2016), http://www.prnewswire.com/news-releases/
renesola-connects-26mw-of-community-solar-projects-to-uk-
grid-300293816.html; Adilya Zaripova, "Finland to add more
PV using community solar model”, PV Magazine, 29 April 2016,
http://www.pv-magazine.com/news/details/beitrag/finland-
to-add-more-pv-using-community-solar-model_100024372/;
in Finland, shared solar PV projects represent about 13% of
the country's solar power production, from idem. United States
from Chris Martin, “It's the dawn of the community solar farm”,
Bloomberg, 16 August 2016, https://www.bloomberg.com/news/
articles/2016-08-16/no-rooftop-no-problem-as-solar-gardens-
pop-up-in-communities. At least 16 states and Washington, DC,
have legislation to support community projects, from Andrea
Romano and Karin Corfee, “Community solar on the rise - tips
for utilities developing programs”, Renewable Energy World,
22 November 2016, http://www.renewableenergyworld.com/
articles/2016/11/community-solar-on-the-rise-tips-for-utilities-
developing-programs.html.

ISEP, "Community power growing in Japan and world-wide",
RENZ21 Newsletter, March 2017. ISEP uses the same definition
of community power as the World Wind Energy Association
(WWEA): “Community power” is defined as having at least
two of the following criteria: local stakeholders (individuals

or a group) own the majority or all of the project; control over
voting rests with the community-based organisation, made up
of local stakeholders; the majority of social and environmental
benefits are distributed locally, from WWEA, "WWEA defines
community power”, 23 May 2011, http://www.wwindea.org/
communitypowerdefinition/.

Australia from, for example, Deign, op. cit. note 114. United States
from, for example, Romano and Corfee, op. cit. note 114; First
Solar, "First Solar books 121IMW in community solar sales”, press
release (Tempe, AZ: 3 August 2016), http://investor.firstsolar.
com/releasedetail.cfm?ReleaselD=982664; Jennifer Runyon,
"14-MW community solar array now online in Massachusetts”,
Renewable Energy World, 22 November 2016, http://www.
renewableenergyworld.com/articles/2016/11/14-mw-community-
solar-array-now-online-in-massachusetts.html.

Honduras generated 880.8 GWh of electricity with solar PV in
2016, and total net generation (including imports) was 8,977.6
GWh, making the solar PV share 9.8%, up from 4.8% in 2015,
from Empresa Nacional de Energia Eléctrica (ENEE), Boletin
Estadistico Diciembre 2016 (Tegucigalpa: 2016), p. 5, http://
www.enee.hn/planificacion/2016/Boletines/BOLETIN%20%20
DICIEMBRE%202016.pdf, in January 2017, Honduras' share of
solar PV was 10.8%, from ENEE, Boletin Estadistico Enero 2017
(Tegucigalpa: 2017), p. 7, http://www.enee.hn/planificacion/2017/
boletines/Boletin%20Estadistico%20(Enero%202017).pdf; in
Italy, solar PV generated 22,545 GWh of electricity in 2016
(down from 22,587 GWh in 2015) out of total consumption of
310,251 GWh in 2016 (down from 316,897 GW in 2015), from
Terna, Rapporto mensile sul Sistema Elettrico (Rome: December
2016), p. 13, http://download.terna.it/terna/0000/0893/13.PDF;
Greece based on 3,686.6 GWh of solar PV generation (of which
511.6 GWh was from rooftop systems), which amounted to 7.2% of
total electricity consumption, from Greek Operator for Electricity
Market, Independent Power Transmission Operator, provided by
loannis Tsipouridis, R.E.D. Pro Consultants S.A., Athens, personal
communication with REN21, 21 April 2017; Germany generated
6.4% of its electricity with solar PV in 2016, down from 6.5% in
2015, from BMWi, Zeitreihen zur Entwicklung..., op. cit. note 70, pp.
41-42,
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Countries with 2% or more based on IEA PVPS, op. cit. note 1,
pp. 12, 13. Countries with at least 4% are Honduras, Italy, Greece,
Germany, Japan and Belgium, from idem; Japan also from
Matsubara, op. cit. note 37. At least 12 countries had enough to
meet more than 5% at end-2015, including Honduras, Kiribati,
Italy, St. Helena, Germany, Greece, Cabo Verde, Guinea-Bissau,
Solomon Islands, Equitorial Guinea, Sierra Leone and Comoros,
from IEA-PVPS, op. cit. note 3, p. 54.

IEA PVPS, op. cit. note 1, p. 14. Estimate for electricity generation
is theoretical calculation based on average yield and installed
solar PV capacity as of 31 December 2016. Solar PV capacity in
operation at the end of 2016 was enough to produce an estimated
1.8% of global electricity generation assuming close to optimum
siting, orientation and average weather conditions, from IEA
PVPS, op. cit. note 1, pp. 12, 13.

GTM Research and SEIA, op. cit. note 26, p. 15.

IEA PVPS, op. cit. note 3, p. 58; Masson, op. cit. note 11; Mints, op.
cit. note 12; Paula Mints, “3@3 on Solar PV: Solar at $0.25 a watt
explained”, video, Renewable Energy World, 16 February 2017,
http://www.renewableenergyworld.com/articles/2017/02/3-3-
on-solar-pv-solar-at-0-25-a-watt-explained.html; “Innovations

in solar plant assembly drive costs towards $1 per watt in

2017", PV Insider, 12 October 2016, http://analysis.pv-insider.
com/innovations-solar-plant-assembly-drive-costs-towards-1-
watt-2017.

Figures of 29% and USD 0.41 per watt based on global quarterly
blended c-Si module prices, from GTM Research, personal
communication with REN21, April 2017; historic lows from Mints,
op. cit. note 12.

Masson, op. cit. note 11. Low module prices below production
costs for several tier 1 companies by late 2016, such that even
the most competitive producers were having difficulty making
a profit, from Masson, op. cit. note 15; Paula Mints, "3@3 on
Solar PV: Falling prices, commodization, Middle East", video,
Renewable Energy World, 28 September 2016, http://www.
renewableenergyworld.com/articles/2016/09/3-3-on-solar-
pv-falling-prices-commoditization-middle-east.html; Mints,
op. cit. note 21. See also David Ferris, "Fending off China, U.S.
manufacturer SunPower slashes jobs", E&E News, 8 December
2016, http://www.eenews.net/energywire/2016/12/08/
stories/1060046870; Runyon, op. cit. note 12.

Mints, op. cit. note 121; Mints, op. cit. note 123.

Factors driving down costs from Frankfurt School-UNEP
Collaborating Centre for Climate & Sustainable Energy Finance
and BNEF, Global Trends in Renewable Energy Investment

2017 (Frankfurt: April 2017), p. 17, http://fs-unep-centre.org/
publications/global-trends-renewable-energy-investment-2016;
faster than expected from SolarPower Europe, op. cit. note 10, p.
8; IEA-PVPS, op. cit. note 3, p. 58. See also Lazard, “Levelized
cost of energy analysis 10.0", 15 December 2016, https://www.
lazard.com/perspective/levelized-cost-of-energy-analysis-100/,
and US Department of Energy (DOE), Office of Energy Efficiency
& Renewable Energy (EERE), “Energy Department announces
more than 90% achievement of 2020 SunShot goal, sets sights
on 2030 affordability targets”, 14 November 2016, https://energy.
gov/eere/articles/energy-department-announces-more-90-
achievement-2020-sunshot-goal-sets-sights-2030. The central
estimate for LCOE of solar PV without tracking in the second
half of 2016 was USD 101 per MWh, down 17% in one year, from
Frankfurt School-UNEP Centre and BNEF, op. cit. this note, pp.
16-17.

See, for example, BNEF, Climatescope 2016: The Clean Energy
Country Competitiveness Index (London and Washington,

DC: December 2016), p. 1, http://global-climatescope.org/
en/download/reports/climatescope-2016-report-en.pdf;
Frankfurt School-UNEP Centre and BNEF, op. cit. note 125, p.
19; SolarPower Europe, op. cit. note 10, p. 10; World Economic
Forum, Renewable Infrastructure Investment Handbook: A Guide
for Institutional Investors (Geneva: December 2016), p. 6, http://
www3.weforum.org/docs/WEF_Renewable_Infrastructure_
Investment_Handbook.pdf. Solar PV was more attractive than
new natural gas in the United States as of 2016, from Mark
Bolinger and Joachim Seel, Utility-scale Solar 2015: An Empirical
Analysis of Project Cost, Performance, and Pricing Trends in the
United States (Berkeley, CA: LBNL, August 2016), Executive
Summary, https://emp.lbl.gov/sites/all/files/Ibnl-1006037_report.
pdf; solar PV and wind power provide the cheapest new
sources of generation capacity in South Africa, per GreenCape,
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127
128

129

130

Utility-scale Renewable Energy - 2017 Market Intelligence Report
(Cape Town: 2017), p. 12, http://www.greencape.co.za/assets/
Uploads/GreenCape-Renewable-Energy-MIR-2017-electronic-
FINAL-v1.pdf; costs of solar power are well below retail power
prices in Australian capital cities, from Australian Climate
Council, State of Solar 2016: Globally and in Australia (Potts Point,
New South Wales: 2017), https://www.climatecouncil.org.au/
uploads/4127a8c364¢1f9fa8ab096b04cd93f78.pdf. The average
global LCOE for coal has been around USD 100 per MWh for
more than a decade, while solar generating costs have fallen from
about USD 600 per MWh a decade ago to USD 300 per MWh
around 2011 to close to or below USD 100 per MWh by late 2016,
from World Economic Forum, op. cit. this note, p. 6. Solar PV also
is competing with wind power in some markets, beating out wind
in the first and second power auctions in Mexico in 2016, from FTI
Intelligence, “Vestas returns to no. 1 spot in global wind turbine
supplier ranking in 2016", Intelligence Spark - Energy Insights, 21
February 2017.

Frankfurt School-UNEP Centre and BNEF, op. cit. note 125, p. 19.

See, for example, Mints, op. cit. note 12; Anna Hirtenstein, "New
record set for world's cheapest solar, now undercutting coal”,
Bloomberg, 3 May 2016, http://www.bloomberg.com/news/
articles/2016-05-03/solar-developers-undercut-coal-with-
another-record-set-in-dubai; Vanessa Dezem, “Solar sold in
Chile at lowest ever, half price of coal”, Bloomberg, 19 August
2016, https://www.bloomberg.com/news/articles/2016-08-19/
solar-sells-in-chile-for-cheapest-ever-at-half-the-price-of-
coal; Anthony Dipaola, “Cheapest solar on record offered as
Abu Dhabi expands renewables”, Bloomberg, 19 September
2016, https://www.bloomberg.com/news/articles/2016-09-19/
cheapest-solar-on-record-said-to-be-offered-for-abu-dhabi.

Argentina from Steve Sawyer, Global Wind Energy Council,
personal communication with REN21, 29 November 2016; Chile
from Dezem, op. cit. note 128, and from Tom Kenning, “Solar
takes at least 6% of Chile's largest power auction with record
low tariffs”, PV-Tech, 18 August 2016, http://www.pv-tech.org/
news/chile-auction-establishes-renewables-without-subsidy;
India from Tom Kenning, “Indian solar tariffs reach ‘surprise’
new low of INR4.34/kWh", PV-Tech, 19 January 2016, https://
www.pv-tech.org/news/indian-solar-tariffs-reach-surprise-
new-low-of-inr-4.34-kwh-from-fortum; Tom Kenning, “Solar
bids in India's Rajasthan near record low as 16 developers

go below five rupees”, PV-Tech, 13 July 2016, https://www.
pv-tech.org/news/solar-bids-in-indias-rajasthan-near-record-
low-as-16-developers-go-below-fi; “Record low tariff in Rewa
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solarthermalworld.org/content/iea-shc-new-pvt-system-
enhancement-research; the German company PA-ID has
installed around 8,000 2Power panels at almost 500 project sites,
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2016, http://www.solarthermalworld.org/content/germany-
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WIND POWER X

1

The wind industry added 54,642 MW for a total of 486,790

MW, from Global Wind Energy Council (GWEC), Global Wind
Report - Annual Market Update 2016 (Brussels: April 2017),
http://www.gwec.net/strong-outlook-for-wind-power/;
54,846.2 MW was added for a total of 486,661 MW, from World
Wind Energy Association (WWEA), WWEA Annual Report

2016 (Bonn: May 2017), http://www.wwindea.org/; 55,492 MW
was added for a total of 488,123 MW, from FTI Consulting,
Global Wind Market Update - Demand & Supply 2016, Part

Two - Demand Side Analysis (London: March 2017), p. 47, http://
www. fti-intelligencestore.com/index.php?route=download/
main&download_id=151; and 54,166 MW was added (connected
capacity) for a total of 486.7 GW, from EurObserv'ER, Wind
Energy Barometer (Paris: February 2017), pp. 2, 4, https://www.
eurobserv-er.org/wind-energy-barometer-2017/.

GWEC, op. cit. note 1; FTI Intelligence, “Vestas returns to no. 1
spot in global wind turbine supplier ranking in 2016", press release
(London: 20 February 2017). Figure 26 based on historical

data from GWEC, op. cit. note 1; data for 2016 from sources in

this section. Note that additions reported in this section are
generally gross additions; the net increase in total capacity can
be lower, reflecting decommissioning. However, relatively few of
the countries that installed wind power capacity during the year
decommissioned previously existing capacity.

Figure of 90 countries from Shruti Shukla, GWEC, personal
communication with Renewable Energy Policy Network for the 16
21st Century (REN21), 13 April 2017; 29 countries from GWEC,
op. cit. note 1, p. 5. Countries with more than 1 GW included 17
countries in Europe, 5 in Asia-Pacific, 6 in the Americas and 1
in Africa (South Africa), from idem (both sources). Note that 113
countries/regions had some wind capacity in operation as of
end-2016, per WWEA, op. cit. note 1.

FTI Intelligence, op. cit. note 2.
GWEC, op. cit. note 1; WWEA, op. cit. note 1.

GWEGC, op. cit. note 1. Figure 27 based on country-specific data
and sources provided throughout this section.

New markets from Steve Sawyer, cited in GWEC, "Wind power
chalks up more strong numbers”, press release (Brussels: 10
February 2017), http://www.gwec.net/wind-power-chalks-up-
more-strong-numbers/; Bolivia added the 24 MW Phase Il of its
Qollpana wind farm, for a year-end total of 27 MW, from Empresa
Nacional de Electricidad, “Inauguran parquet edlico Qollpana
Fase Il consolidando la energfa edlica en Bolivia”, press release
(Cochabamba: 9 September 2016), http://www.ende.bo/noticia/
noticia/54; Georgia inaugurated its first wind farm (20.7 MW),
from Plamena Tisheva, "Georgia inaugurates 1st wind farm”,
Renewables Now, 7 October 2016, https://renewables.seenews.
com/news/georgia-inaugurates-1st-wind-farm-542474.

Denmark had an estimated 927 watts per person, followed by
Sweden (669.6 W), Germany (617.7 W), Ireland (613.1 W) and
Portugal (509.5 W). The Caribbean island of Bonaire had 620.4 W
per person, all from WWEA, op. cit. note 1. The top EU countries
per inhabitant were Denmark (918.5 kW per 1,000 inhabitants),
Sweden (661.8), Germany (608.7), Ireland (585.2) and Portugal
(509.5), from EurObserv'ER, op. cit. note 1, p. 7.

GWEGC, op. cit. note 1.

GWEC, op. cit. note 1, WWEA, "Worldwide wind market booming
like never before: wind capacity over 392 gigawatt”, press release
(Bonn: 9 September 2015), http://www.wwindea.org/hyr2015/.

GWEC, op. cit. note 1; Steve Sawyer, GWEC, personal
communication with REN21, 14 January 2016; Tom Randall, “Wind
and solar are crushing fossil fuels”, Bloomberg, 6 April 2017,
https://www.bloomberg.com/news/articles/2016-04-06/wind-
and-solar-are-crushing-fossil-fuels; WindEurope, “Wind energy
is competitive”, 21 March 2016, https://windeurope.org/policy/
topics/economics/; Katie Fehrenbacher, “Wind now competes
with fossil fuels. Solar almost does", Fortune, 6 October 2015,
http://fortune.com/2015/10/06/wind-cheap-coal-gas/.

China added 23,369 MW for a total of 168,730 MW, from Shi
Pengfei, Chinese Wind Energy Association (CWEA), personal
communication with REN21, 21 March 2017; China added 23,370
MW for a total of 168,732 MW, from GWEC, op. cit. note 1; China
added 23,328 MW for a total of 168,690 MW, from EurObserv'ER,
op. cit. note 1, p. 3; and added 23,369 MW for a total of 168,730
MW, from FTI Consulting, op. cit. note 1, p. 51.
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GWEC, op. cit. note 7; GWEC, op. cit. note 1.
EurObserVv'ER, op. cit. note 1, p. 5.

Based on additions of 19,300 MW for total of 148,640 MW in
operation, from China National Energy Board, cited in Dazhong
Xiao, China National Energy Administration (CNEA), “2016
wind power and grid operation”, 26 January 2017, www.nea.gov.
cn/2017-01/26/c_136014615.htm (using Google Translate); total
installed capacity increased from 151 GW in 2015 to 165 GW,
from China Electricity Council, cited in CNEA, provided by Shi,
op. cit. note 12. Differences in statistics result, at least in part,
from differences in what is counted and when. Note that most
of the capacity added in 2016 was feeding the grid by year's
end. The difference in statistics among Chinese organisations
and agencies is explained by the fact that they count different
things: installed capacity refers to capacity that is constructed
and usually has wires carrying electricity from the turbines to a
substation; capacity qualifies as grid-connected (i.e,, included in
China Electricity Council statistics) once certification is granted
and operators begin receiving the FIT premium payment, which
can take weeks or even months. It is no longer the case that
thousands of turbines stand idle awaiting connection in China
because projects must be permitted in order to start construction;
however, there is still often a several month lag from when
turbines are wire-connected to the substation until the process
of certification and payment of FIT premium is complete. Steve
Sawyer, GWEC, personal communication with REN21, 3 March
2017.

Additions of Yunnan (3.25 GW), Hebei (1.66 GW) and Jiangsu
(1.49 GW) from China National Energy Board, cited in Xiao, op. cit.
note 15.

The top three provinces (Inner Mongolia, Xinjiang, and Gansu),

all far from population centres, had approximately 40% of China’s
total wind power capacity at end-2016, based on data from China
National Energy Board, cited in Xiao, op. cit. note 15; first time
from GWEC, op. cit. note 1, pp. 37-38. New regulations include
provincial targets for renewable shares of electricity consumption
and an early warning system to prevent investment in areas with
high risk of curtailment, based on information provided by Shi
Pengfei, CWEA, personal communication with REN21, 30 March
2017, and by Frank Haugwitz, Asia Europe Clean Energy (Solar)
Advisory Company, Ltd, personal communication with REN21,

30 March 2017. Deployment in the Central and Eastern regions,
over that in the three Northern regions, is prioritised in the 13th
Five-Year Plan, and the northern regions have the next five years
to solve their curtailment problems, from GWEC, op. cit. note 1,
pp. 37-38.

Nuclear power from Shi, op. cit. note 17. New regulations from,

for example, Julie Zhu, "Solar power's time to shine in China”,
Finance Asia, 14 June 2016, http://www.financeasia.com/
News/426847,so0lar-powers-time-toshine-in-china.aspx; Max
Dupuy and Xuan Wang, “China'’s string of new policies addressing
renewable energy curtailment: an update”, Regulatory Assistance
Project, 8 April 2016, http://www.raponline.org/featuredwork/
chinas-string-of-new-policies-addressing-renewable-energy-
curtailment-an; “China ban on new coal power eases clean
energy waste, WRI says", Bloomberg, 29 April 2016, http://www.
bloomberg.com/news/articles/2016-04-29/china-ban-on-new-
coal-power-eases-clean-energy-waste-wri-says; FTI Consulting,
op. cit. note 1, p. 23. Major challenges and reasons from the
following sources: Sawyer, op. cit. note 15; Feifei Shen, lain Wilson
and Ben Sharples, “China’s idled wind farms portend trouble with
renewables”, Renewable Energy World, 29 June 2016, http://www.
renewableenergyworld.com/articles/2016/06/china-s-idled-
wind-farms-portend-trouble-in-renewables.html; Kathy Chen

and David Stanway, “China pushes for mandatory integration of
renewable power", Reuters, 28 March 2016, http://www.reuters.
com/article/us-china-power-renewables-idUSKCNOWUORF;
Coco Liu, "Facing grid constraints, China puts a chill on new wind
energy projects”, Inside Climate News, 28 March 2016, https://
insideclimatenews.org/news/28032016/china-wind-energy-
projects-suspends-clean-energy-climate-change.

National curtailment data from CNEA and China Electricity
Council, provided by Shi, op. cit. note 12. The highest rates of
curtailment were seen in Gansu (43%), Xinjiang (38%), Jilin (30%)
and Inner Mongolia (21%), from China National Energy Board,
cited in Xiao, op. cit. note 15.

Wind generation and share of output from China National Energy
Board, cited in Xiao, op. cit. note 15. This was up from 186.3 TWh
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and 3.3% in 2015, from China National Energy Board, cited by
CNEA, "2015 Wind Power Industry Development”, 2 February
2016, www.nea.gov.cn/2016-02/02/c_135066586.htm (using
Google Translate). China's wind power generation in 2012 was
100 TWh, accounting for 2% of annual electricity output, from
GWEC, op. cit. note 1, p. 13.

India added approximately 3,612 MW of wind power capacity in
2016 for a year-end total of 28,700.44 MW, based on Government
of India, Ministry of Power, Central Electricity Authority, All India
Installed Capacity, Monthly Report January 2017 (New Delhi:
2017), Table: "All India Installed Capacity (in MW) of Power
Stations (As on 31.01.2017) (Utilities)", http://www.cea.nic.in/
reports/monthly/installedcapacity/2017/installed_capacity-01.
pdf, and on 25,088.19 MW at the end of 2015, from Government
of India, Ministry of New and Renewable Resources (MNRE),
“Physical progress (achievements): programme/ scheme wise
physical progress in 2015-16 (up to the month of December,
2015)", www.mnre.gov.in/mission-and-vision-2/achievements,
viewed 1 February 2016.

FTI Consulting, op. cit. note 1, p. 21. India’s Generation Based
Incentive was set to expire and the higher Accelerated
Depreciation for wind power was set to be halved (to 40%) in the
first quarter of 2017, from idem.

Turkey added 1,387.75 MW for a total of 6,106.05 MW, from
Turkish Wind Energy Association, Turkish Wind Energy Statistics
Report (Ankara: January 2017), pp. 4, 5, http://www.tureb.com.
tr/files/tureb_sayfa/duyurular/2017_duyurular/subat/turkiye_
ruzgar_enerjisi_istatistik_raporu_ocak_2017.pdf; Turkey added
1,387 MW in 2016 for a total of 6,081 MW, from WindEurope, Wind
in Power 2016 European Statistics (Brussels: 9 February 2017), p. 9,
https://windeurope.org/wp-content/uploads/files/about-wind/
statistics/WindEurope-Annual-Statistics-2016.pdf; added 1,387
MW for a total of 6,081 MW, from GWEC, op. cit. note 1; added
1,382.8 MW for a total of 6,101.1 MW, from FTI Consulting, op. cit.
note 1, p. 50.

Pakistan added 282 MW for a total of 591 MW, followed by the
Republic of Korea (201 MW, for a total of 1,031 MW) and Japan
(196 MW; 3,234 MW), from GWEC, op. cit. note 1; Pakistan added
373 MW for a total of 709 MW, followed by Republic of Korea
(201 MW; 1,006 MW) and Japan (196 MW; 3,223 MW), from FTI
Consulting, op. cit. note 1, pp. 51, 54; Pakistan added 335 MW for
a total of 591 MW, followed by the Republic of Korea (198 MW;
1,031 MW) and Japan (196 MW; 3,234 MW), from WWEA, op. cit.
note 1.

Indonesia’s Sidrap wind plant will have 75 MW of capacity,

from "Financial close for Indonesia's first utility-scale wind
project”, Windpower Monthly, 7 February 2017, http://www.
windpowermonthly.com/article/1423494/financial-close-
indonesias-first-utility-scale-wind-project; “VN green energy
gets strong tail wind”, Vietnam Net, 3 December 2016, http://
english.vietnamnetvn/fms/science-it/167956/vn-green-energy-
gets-strong-tail-wind.html.

The United States added 8,203 MW for a total of 82,143 MW
(accounting for decommissioning), from American Wind Energy
Association (AWEA), AWEA U.S. Wind Industry Annual Market
Report Year Ending 2016 (Washington, DC: April 2017). Rankings
based on data in this section. The United States added a net of
8,738.1 MW in 2016 for a total of 81,311.5 MW, from US Energy
Information Administration (EIA), Electric Power Monthly with
Data for December 2016 (Washington, DC: February 2017), Table
6.1, p. 134, https://www.eia.gov/electricity/monthly/current_year/
february2017.pdf; wind power generated 226.485 TWh of
electricity in 2016, from EIA, idem, Table 1.1.A, p. 16, https://www.
eia.gov/electricity/monthly/current_year/february2017.pdf. Note
that EIA data do not include facilities smaller than 1 MW and do
not include off-grid capacity.

One-fourth of gross additions and ranking third are based

on 8,203 MW of wind power added, from AWEA, op. cit. note

26; on 14,762 MW of solar PV added, from GTM Research,
personal communication with REN21, 2 May 2017, and from

GTM Research, cited in US Solar Energy Industries Association,
"Solar Market Insight Report 2016 Year in Review - Key Figures”,
http://www.seia.org/research-resources/solar-market-insight-
report-2016-year-review; and on gross additions of capacity from
hydropower (321.2 MW), municipal solid waste (39.6 MW), natural
gas (9,137.2 MW), nuclear (643.9 MW) and other (23.4 MW), from
EIA, op. cit. note 26. Note that EIA data omit plants with a total
generator nameplate capacity below 1 MW. Ranking second after
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solar PV for net capacity additions based on above additions for
wind power and solar PV, and on net capacity additions from
hydropower (321.2 MW), bio-power (-15.5 MW), geothermal
power (-30 MW), natural gas (7,532.2 MW), coal (-9,659 MW),
petroleum and other gases (-435.6 MW), nuclear (643.9 MW)
and other (23.4 MW), from EIA, op. cit. note 26.

Texas added 2.611 MW, followed by Oklahoma (1,462 MW), lowa
(707 MW), Kansas (687 MW) and North Dakota (603 MW), and
the top states for total capacity were Texas (20, 321 MW), lowa
(6,917 MW) and Oklahoma (6,645 MW), from AWEA, “U.S. Wind
Industry Fourth Quarter 2016 Market Update” (Washington, DC:
26 January 2017), http://awea files.cms-plus.com/FileDownloads/
pdfs/4Q2016%20AWEA%20Market%20Report%20Public%20
Version.pdf.

AWEA, op. cit. note 28.

Hannah Hunt, AWEA, personal communication with

REN21, 31 March 2017. Going beyond state mandates
(Renewable Portfolio Standards) includes utilities in, for
example, Colorado and Alabama, from David Labrador,

“U.S. wind power demand: corporations take the lead”,
CleanTechnica, 23 February 2016, https://cleantechnica.
com/2016/02/23/us-wind-power-demand-corporations-
take-the-lead/; lowa from Lauren Tyler, “"MidAmerican

Energy files request for 2 GW wind farm in lowa", North
American Windpower, 15 April 2016, http://nawindpower.com/
midamerican-energy-files-request-for-2-gw-wind-farm-in-iowa.
Hunt, op. cit. note 30; AWEA, op. cit. note 28.

AWEA, op. cit. note 28.

Canada added 702 MW for a total of 11,898 MW, from Canadian
Wind Energy Association (CanWEA), “Installed capacity”, http://
canwea.ca/wind-energy/installed-capacity/, viewed 17 February
2017. For comparison, in 2015 Canada added 1,506 MW for a

total of 11,205 MW, from CanWEA, "Wind energy continues rapid
growth in Canada in 2015", press release (Ottawa: 12 January
2016), http://canwea.ca/wind-energy-continues-rapid-growth-
in-canada-in-2015/. Added 702 MW for a total of 11,870 MW, from
FTI Consulting, op. cit. note 1, p. 52, and added 702 MW for a total
of 11,900 MW, from GWEC, op. cit. note 1.

CanWEA, "Powering Canada's Future” (Ottawa: December 2016),
http://canwea.ca/wp-content/uploads/2017/01/Canada-Current-
Installed-Capacity_e.pdf; largest source of new generation from
CanWEA, "Wind energy in Canada”, http://canwea.ca/wind-
energy/installed-capacity/, viewed 25 March 2017.

Ontario added 413 MW (for a total of 4,781 MW), followed by
Québec (added 249 MW for a total of 3,510); additions from
“Canadian wind grows by 700MW", Renews Biz, 1 February 2017,
http://renews.biz/105753/canadian-wind-grows-by-700mw/;
year-end totals from CanWEA, “Installed capacity”, op. cit. note
33; Prince Edward Island, from Diane Bailey, "Canada island
plans to increase wind by a third", Windpower Monthly, 21 March
2017, http://www.windpowermonthly.com/article/1428024/
canada-island-plansincrease-wind-third.

The EU installed 12,490 MW (10,923 MW onshore and 1,567 MW
offshore) for a cumulative year-end total of 153.7 GW (141.1 GW
onshore and 12.6 GW offshore), from WindEurope, op. cit. note 23;
similar data from GWEC, op. cit. note 1. The EU added 12,068.1 MW
in 2016 for a year-end total of 153,640.5 MW, from EurObserv'ER,
op. cit. note 1, p. 6. About 482 MW of wind power capacity was
decommissioned in the EU during 2016, from Steve Sawyer,
GWEC, personal communication with REN21, 30 April 2017.

WindEurope, op. cit. note 23; shares of onshore and offshore
based on data from GWEC, op. cit. note 1, p. 16.

Based on data from WindEurope, op. cit. note 23, p. 12. The EU
added an estimated 3,358 MW of new fossil capacity in 2016
(including 3,115 MW of natural gas and 243 MW of coal), but
the region decommissioned about 12,449 MW of fossil capacity
(including 7,267 MW of coal, 2,256 MW of natural gas and 2,197
MW of fuel oil). Between 2005 and 2016, wind power's share of
total EU power capacity increased from 6% to 16.7%, all from
idem.

WindEurope, op. cit. note 23, p. 7.

GWEC, Global Wind Energy Outlook 2016 (Brussels: 2016), http://
files.gwec.net/register?file=/files/GlobalWindEnergyOutlook2016;
Feng Zhao, FTI Consulting, personal communication with REN21,
12 April 2017; GWEC, op. cit. note 1, p. 42.

WindEurope, Making Transition Work (Brussels: September 2016),
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http://www.nea.gov.cn/2016-02/02/c_135066586.htm
http://www.cea.nic.in/reports/monthly/installedcapacity/2017/installed_capacity-01.pdf
http://www.cea.nic.in/reports/monthly/installedcapacity/2017/installed_capacity-01.pdf
http://www.cea.nic.in/reports/monthly/installedcapacity/2017/installed_capacity-01.pdf
http://www.mnre.gov.in/mission-and-vision-2/achievements
http://www.tureb.com.tr/files/tureb_sayfa/duyurular/2017_duyurular/subat/turkiye_ruzgar_enerjisi_istatistik_raporu_ocak_2017.pdf
http://www.tureb.com.tr/files/tureb_sayfa/duyurular/2017_duyurular/subat/turkiye_ruzgar_enerjisi_istatistik_raporu_ocak_2017.pdf
http://www.tureb.com.tr/files/tureb_sayfa/duyurular/2017_duyurular/subat/turkiye_ruzgar_enerjisi_istatistik_raporu_ocak_2017.pdf
https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Statistics-2016.pdf
https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Statistics-2016.pdf
http://www.windpowermonthly.com/article/1423494/financial-close-indonesias-first-utility-scale-wind-
http://www.windpowermonthly.com/article/1423494/financial-close-indonesias-first-utility-scale-wind-
http://www.windpowermonthly.com/article/1423494/financial-close-indonesias-first-utility-scale-wind-
http://english.vietnamnet.vn/fms/science-it/167956/vn-green-energy-gets-strong-tail-wind.html
http://english.vietnamnet.vn/fms/science-it/167956/vn-green-energy-gets-strong-tail-wind.html
http://english.vietnamnet.vn/fms/science-it/167956/vn-green-energy-gets-strong-tail-wind.html
https://www.eia.gov/electricity/monthly/current_year/february2017.pdf
https://www.eia.gov/electricity/monthly/current_year/february2017.pdf
https://www.eia.gov/electricity/monthly/current_year/february2017.pdf
https://www.eia.gov/electricity/monthly/current_year/february2017.pdf
http://www.seia.org/research-resources/solar-market-insight-report-2016-year-review
http://www.seia.org/research-resources/solar-market-insight-report-2016-year-review
http://awea.files.cms-plus.com/FileDownloads/pdfs/4Q2016%20AWEA%20Market%20Report%20Public%20Version.pdf
http://awea.files.cms-plus.com/FileDownloads/pdfs/4Q2016%20AWEA%20Market%20Report%20Public%20Version.pdf
http://awea.files.cms-plus.com/FileDownloads/pdfs/4Q2016%20AWEA%20Market%20Report%20Public%20Version.pdf
https://cleantechnica.com/2016/02/23/us-wind-power-demand-corporations-take-the-lead/
https://cleantechnica.com/2016/02/23/us-wind-power-demand-corporations-take-the-lead/
https://cleantechnica.com/2016/02/23/us-wind-power-demand-corporations-take-the-lead/
http://nawindpower.com/midamerican-energy-files-request-for-2-gw-wind-farm-in-iowa
http://nawindpower.com/midamerican-energy-files-request-for-2-gw-wind-farm-in-iowa
http://canwea.ca/wind-energy/installed-capacity/
http://canwea.ca/wind-energy/installed-capacity/
http://canwea.ca/wind-energy-continues-rapid-growth-in-canada-in-2015/
http://canwea.ca/wind-energy-continues-rapid-growth-in-canada-in-2015/
http://canwea.ca/wp-content/uploads/2017/01/Canada-Current-Installed-Capacity_e.pdf
http://canwea.ca/wp-content/uploads/2017/01/Canada-Current-Installed-Capacity_e.pdf
http://canwea.ca/wind-energy/installed-capacity/
http://canwea.ca/wind-energy/installed-capacity/
http://renews.biz/105753/canadian-wind-grows-by-700mw/
http://www.windpowermonthly.com/article/1428024/canada-island-plansincrease-wind-third
http://www.windpowermonthly.com/article/1428024/canada-island-plansincrease-wind-third
http://files.gwec.net/register?file=/files/GlobalWindEnergyOutlook2016
http://files.gwec.net/register?file=/files/GlobalWindEnergyOutlook2016
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https://windeurope.org/wp-content/uploads/files/about-wind/
reports/WindEurope-Making-transition-work.pdf. See also
WindEurope, op. cit. note 23, p. 9.

WindEurope, "Europe adds 12.5 GW of new wind capacity in
2016 with record €27.5bn in new investments”, press release
(Brussels: 9 February 2017), https://windeurope.org/newsroom/
press-releases/europe-adds-12-5-gw-of-new-wind-capacity-in-
2016-with-record-27-5bn-euro-in-new-investments/.

Based on data from WindEurope, op. cit. note 23, p. 9. The top
two markets accounted for over 56%, and France added 1,561
MW for a total of 12,065 MW, the Netherlands added 887 MW
for a total of 4,328 MW, the United Kingdom added 736 MW for
a total of 14,542 MW, and Poland added 682 MW for a total of
5,782 MW, from idem, and similar numbers from GWEC, op. cit.
note 1, p. 15. The Netherlands added a net of 815 MW (215 MW
onshore and 600 MW offshore) for a year-end total of 4,206

MW, from Centraal Bureau voor de Statistiek, "Hernieuwbare
elektriciteit; productie en vermogen”, 28 February 2017, http://
statline.cbs.nl/Statweb/publication/?DM=SLNL&PA=82610NED
&D1=7&D2=2-4&D3=25-26&HDR=T,G2&STB=G1&VW=T. The
United Kingdom added 1,404 MW for a total of 15,696 MW, based
on preliminary data from UK Department for Business, Energy &
Industrial Strategy, National Statistics, Energy Trends Section 6:
Renewables, updated 30 March 2017, Table 6.1 “Renewable
electricity capacity and generation”, p. 69, https://www.gov.uk/
government/statistics/energy-trends-section-6-renewables, See
text and other endnotes for Germany data.

The decline in the EU during 2016 was due mainly to lower
installations in Poland and the United Kingdom, from Zhao, op.
cit. note 40.

Germany ended 2016 with 49,534 MW of grid-connected
capacity, up from 44,541 GW at the end of 2015, from
Bundesministerium fir Wirtschaft und Energie (BMWi), Zeitreihen
zur Entwicklung der erneuerbaren Energien in Deutschland,
unter Verwendung von Daten der Arbeitsgruppe Erneuerbare
Energien-Statistik (AGEE-Stat) (Stand: Februar 2017), p. 7,
http://www.erneuerbare-energien.de/EE/Redaktion/DE/
Downloads/zeitreihen-zur-entwicklung-der-erneuerbaren-
energien-in-deutschland-1990-2016.pdf. Germany added

4,642 MW (including 695 MW offshore) for a year-end total

of 50,001 MW; during the year, 386 turbines (385.6 MW)

were decommissioned and replaced by 271 turbines (785

MW), all from C. Ender, "Wind energy use in Germany: status
31.12.2016", DEWI Magazin, March 2017, pp. 56-65, http://www.
dewi.de/dewi_res/fileadmin/pdf/publications/Magazin_50/
DM_50_lowres.pdf. Germany added 5,443 MW (accounting for
44% of the market) for a total of 50,019 MW, from WindEurope,
op. cit. note 23, pp. 7, 9. Considering decommissioned capacity,
Germany's capacity increased by a net of 4,259.177 MW onshore
and 818 MW offshore; an additional 122.7 MW was installed but
not yet grid connected, from Deutsche WindGuard, Status of
Land-Based Wind Energy Development in Germany 2016 (Varel,
Germany: 2017), http://www.windguard.com/_Resources/
Persistent/85b5b9813fa5a3cc27e03ed089a7dba68783a939/
Factsheet-Status-Land-Based-Wind-Energy-Development-
Germany-2016.pdf, and from Deutsche WindGuard, Status of
Offshore Wind Energy Development in Germany 2016 (Varel,
Germany: 2017), http://www.windguard.com/_Resources/
Persistent/2c1d303ec32d879a801beb803e39a5ed4e460102/
Factsheet-Status-Offshore-Wind-Energy-Development-
Year-2016.pdf. Germany added 5,443 MW for a total of 50,018
MW, from GWEC, op. cit. note 1, added 5,443 MW for a total of
50,019 MW, from EurObserv'ER, op. cit. note 1, p. 6, and added
5,443 MW for a total of 49,840 MW from FTI Consulting, op. cit.
note 1, p. 50.

FTI Consulting, op. cit. note 1, p. 50; Aloys Nghiem, WindEurope,
personal communication with REN21, 10 April 2017; GWEC, op. cit.
note 1, p. 46. Onshore installations in particular were triggered by
quarterly reductions in the FIT and the looming shift to Germany's
the auction system, starting in 2017, from Ender, op. cit. note

45, pp. 56-65. Gross electricity generation from wind power in
Germany was 79.8 TWh in 2016 (up less than 1% over 2015), from
BMWi, “Energiedaten - Gesamtausgabe”, as of 30 January 2017,
published 27 February 2017, https://www.bmwi.de/Redaktion/
DE/Artikel/Energie/energiedaten-gesamtausgabe.html.

Gross installations were France (installed 1,561 MW for a total
of 12,065 MW), the Netherlands (887 MW; 4,328 MW), Finland
(570 MW; 1,539 MW), Ireland (384 MW, 2,830 MW) and Lithuania
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(178 MW; 493 MW), from WindEurope, op. cit. note 23, pp. 7, 9,
and same numbers for France, the Netherlands and Ireland, from
GWEC, op. cit. note 1, p. 15; same numbers for the Netherlands,
Finland and Ireland, but France added 1,772 MW for total of
12,065 MW, and Lithuania added 69 MW for a total of 493 MW,
from WWEA, op. cit. note 1. France added 1,346 MW for a total of
11,670 MW, the Netherlands added 788.5 MW for a total of 4,179.5
MW; Finland added 570 MW for a total of 1,533 MW; Ireland
added 324.7 MW for a total of 2,764.7 MW; Lithuania added 71
MW for a total of 509 MW, from EurObserv'ER, op. cit. note 1, p.
6. France added 1,561 MW for a total of 11,930 MW, followed by
the Netherlands (887 MW; 4,255 MW), Finland (570 MW; 1,527
MW), Ireland (384 MW; 2,867 MW) and Lithuania (178 MW; 604
MW), from FTI Consulting, op. cit. note 1, p. 50. The Netherlands
added a net of 815 MW (215 MW onshore and 600 MW offshore)
for a year-end total of 4,206 MW, from Centraal Bureau voor de
Statistiek, op. cit. note 43. France had 11,670 MW in operation

as end 2016, per RTE Réseau de transport d'électricité, Bilan
Electrique Frangais 2016: Synthése presse (Paris: 2016), p. 5,
http://www.rtefrance.com/sites/default/files/2016_bilan_
electrique_synthese.pdf.

WindEurope, op. cit. note 23, pp. 7, 9.

Estimated output was 300 TWh, from WindEurope, op. cit.
note 23, p. 7; and estimated output was 302.7 TWh, from
EurObserVv'ER, op. cit. note 1, p. 8.

Russia ended 2016 with 15 MW of capacity, from WindEurope,
op. cit. note 23, p. 9; first auction from WWEA, Perspectives of the
Wind Energy Market in Russia (Bonn: forthcoming, 2017).

GWEC, op. cit. note 1, pp. 15, 18. Note that numbers of countries
and regional data include Mexico but do not include numbers and
capacity data for several island countries and territories in the
Caribbean region that also had wind energy capacity in operation
at end-2016. See WWEA, op. cit. note 1.

FTI Consulting, op. cit. note 1, p. 47. Brazil's additions in 2016 were
down 27.1% relative to 2015, from EurObserVv'ER, op. cit. note 1, p. 4.

EurObserV’ER, op. cit. note 1, p. 3; Steve Sawyer, GWEC, personal
communication with REN21, 6 September 2016. Note that more
than 500 MW of contracted wind projects were cancelled during
2016, from FTI Consulting, op. cit. note 1, p. 28. Projects also
have been cancelled in Brazil due to the low price level of the
auctions, from Jean Daniel Pitteloud, WWEA, Bonn, personal
communication with REN21, 27 April 2017.

Brazil added 2,014 MW for a total of 10,740 MW, from Associagdo
Brasileira de Energia Edlica (ABEEdlica), "Dados Mensais”,
January 2017, pp. 4, 6, http://www.abeeolica.org.br/wp-content/
uploads/2017/01/Dados-Mensais-ABEEolica-01.2017-1.pdf; from
GWEC, op. cit. note 1; and from EurObserv'ER, op. cit. note 1,

p. 3. Brazil added 2,014 MW for a total of 10,696 MW, from FTI
Consulting, op. cit. note 1, p. 53, and added 2,085 MW for a total
of 10,800 MW, from WWEA, op. cit. note 1. Brazil had 10,123.9 MW
at end-2016 from Agéncia Nacional de Energia Elétrica (ANEEL),
“Informacdes gerenciais”, December 2016, http://www.aneel.
gov.br/informacoes-gerenciais. Commissioned but not all grid
connected, from GWEC, op. cit. note 1, p. 16. Lack of transmission
lines and slow pace of construction from Lucas Morais, “Lack of
transmission capacity to curb Brazil's wind expansion - report”,
Renewables Now, 7 October 2016, https://renewables.seenews.
com/news/lack-of-transmission-capacity-to-curb-brazils-wind-
expansion-report-542486; Sawyer, op. cit. note 53.

National Electrical System Operator of Brazil (ONS), “Geragéo de
energia”, http://www.ons.org.br/historico/geracao_energia.aspx,
viewed 19 March 2017.

GWEC, op. cit. note 1, p. 30; Steve Sawyer, GWEC Newsletter,
January 2017. Six turbine manufacturers, with annual production
capacity of more than 3 GW, were already seeing idled capacity
in early 2017, from FTI Consulting, op. cit. note 1, p. 28. Facilities
were established to satisfy local content laws, but there is limited
if any opportunity for export because the turbines produced in
Brazil are not priced competitively, and as of early 2017 there was
concern about potential for future demand due to the cancelled
auction, from Sawyer op. cit. note 53. Industry suffering due to
lack of auctions also from Camila Ramos, Clean Energy Latin
America (CELA), Brazil, personal communication with REN21, 30
November 2016.

Chile added 513 MW for a total of 1,424 MW, followed by Mexico
(454 MW; 3,527 MW), Uruguay (365 MW; 1,210 MW), Peru (93
MW; 241 MW), the Dominican Republic (50 MW; 135 MW) and
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https://windeurope.org/wp-content/uploads/files/about-wind/reports/WindEurope-Making-transition-work.pdf
https://windeurope.org/wp-content/uploads/files/about-wind/reports/WindEurope-Making-transition-work.pdf
https://windeurope.org/newsroom/press-releases/europe-adds-12-5-gw-of-new-wind-capacity-in-2016-with
https://windeurope.org/newsroom/press-releases/europe-adds-12-5-gw-of-new-wind-capacity-in-2016-with
https://windeurope.org/newsroom/press-releases/europe-adds-12-5-gw-of-new-wind-capacity-in-2016-with
http://statline.cbs.nl/Statweb/publication/?DM=SLNL&PA=82610NED&D1=7&D2=2-4&D3=25-26&HDR=T,G2&STB=G1
http://statline.cbs.nl/Statweb/publication/?DM=SLNL&PA=82610NED&D1=7&D2=2-4&D3=25-26&HDR=T,G2&STB=G1
http://statline.cbs.nl/Statweb/publication/?DM=SLNL&PA=82610NED&D1=7&D2=2-4&D3=25-26&HDR=T,G2&STB=G1
https://www.gov.uk/government/statistics/energy-trends-section-6-renewables
https://www.gov.uk/government/statistics/energy-trends-section-6-renewables
http://www.erneuerbare-energien.de/EE/Redaktion/DE/Downloads/zeitreihen-zur-entwicklung-der-erneuerbaren-energien-in-deutschland-1990-2016.pdf
http://www.erneuerbare-energien.de/EE/Redaktion/DE/Downloads/zeitreihen-zur-entwicklung-der-erneuerbaren-energien-in-deutschland-1990-2016.pdf
http://www.erneuerbare-energien.de/EE/Redaktion/DE/Downloads/zeitreihen-zur-entwicklung-der-erneuerbaren-energien-in-deutschland-1990-2016.pdf
http://www.dewi.de/dewi_res/fileadmin/pdf/publications/Magazin_50/DM_50_lowres.pdf
http://www.dewi.de/dewi_res/fileadmin/pdf/publications/Magazin_50/DM_50_lowres.pdf
http://www.dewi.de/dewi_res/fileadmin/pdf/publications/Magazin_50/DM_50_lowres.pdf
http://www.windguard.com/_Resources/Persistent/85b5b9813fa5a3cc27e03ed089a7dba68783a939/Factsheet-Status-Land-Based-Wind-Energy-Development-Germany-2016.pdf
http://www.windguard.com/_Resources/Persistent/85b5b9813fa5a3cc27e03ed089a7dba68783a939/Factsheet-Status-Land-Based-Wind-Energy-Development-Germany-2016.pdf
http://www.windguard.com/_Resources/Persistent/85b5b9813fa5a3cc27e03ed089a7dba68783a939/Factsheet-Status-Land-Based-Wind-Energy-Development-Germany-2016.pdf
http://www.windguard.com/_Resources/Persistent/85b5b9813fa5a3cc27e03ed089a7dba68783a939/Factsheet-Status-Land-Based-Wind-Energy-Development-Germany-2016.pdf
http://www.windguard.com/_Resources/Persistent/2c1d303ec32d879a801beb803e39a5ed4e460102/Factsheet-Status-Offshore-Wind-Energy-Development-Year-2016.pdf
http://www.windguard.com/_Resources/Persistent/2c1d303ec32d879a801beb803e39a5ed4e460102/Factsheet-Status-Offshore-Wind-Energy-Development-Year-2016.pdf
http://www.windguard.com/_Resources/Persistent/2c1d303ec32d879a801beb803e39a5ed4e460102/Factsheet-Status-Offshore-Wind-Energy-Development-Year-2016.pdf
http://www.windguard.com/_Resources/Persistent/2c1d303ec32d879a801beb803e39a5ed4e460102/Factsheet-Status-Offshore-Wind-Energy-Development-Year-2016.pdf
https://www.bmwi.de/Redaktion/DE/Artikel/Energie/energiedaten-gesamtausgabe.html
https://www.bmwi.de/Redaktion/DE/Artikel/Energie/energiedaten-gesamtausgabe.html
http://www.rtefrance.com/sites/default/files/2016_bilan_electrique_synthese.pdf
http://www.rtefrance.com/sites/default/files/2016_bilan_electrique_synthese.pdf
http://www.abeeolica.org.br/wp-content/uploads/2017/01/Dados-Mensais-ABEEolica-01.2017-1.pdf
http://www.abeeolica.org.br/wp-content/uploads/2017/01/Dados-Mensais-ABEEolica-01.2017-1.pdf
http://www.aneel.gov.br/informacoes-gerenciais
http://www.aneel.gov.br/informacoes-gerenciais
https://renewables.seenews.com/news/lack-of-transmission-capacity-to-curb-brazils-wind-expansion-report-542486
https://renewables.seenews.com/news/lack-of-transmission-capacity-to-curb-brazils-wind-expansion-report-542486
https://renewables.seenews.com/news/lack-of-transmission-capacity-to-curb-brazils-wind-expansion-report-542486
http://www.ons.org.br/historico/geracao_energia.aspx
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Costa Rica (20 MW; 298 MW), from GWEC, op. cit. note 1. Chile
added 513 MW for a total of 1,523 MW, followed by Mexico (454
MW; 3,549 MW) and Uruguay (365 MW; 1,146 MW), from FTI
Consulting, op. cit. note 1, p. 53. Chile added 491 MW for a total of
1,424 MW, followed by Mexico (426 MW; 3,709 MW, Uruguay (354
MW; 1,210 MW) and Peru (97 MW; 245 MW), from WWEA, op. cit.
note 1. Uruguay added 354.7 MW for a total of 1,211.5 MW, from
Uruguay Secretary of Energy, Ministry of Industry, Energy and
Mining, personal communication with REN21, 20 March 2017.

GWEC, op. cit. note 1, p. 15.
GWEC, op. cit. note 7.

Approximately 0.4 GW (only in South Africa) was added in Africa
during 2016, from GWEC, op. cit. note 1. By contrast, nearly 1

GW was added across Africa in 2014, from GWEC, Global Wind
Report 2014: Annual Market Update (Brussels: April 2015), p. 8,
http://www.gwec.net/wp-content/uploads/2015/03/GWEC_
Global_Wind_2014_Report_LR.pdf; and approximately 836 MW
was added on the continent in 2015, from GWEC, Global Wind
Report: Annual Market Update 2015 (Brussels: April 2016), p. 17,
http://www.gwec.net/wp-content/uploads/vip/GWEC-Global-
Wind-2015-Report_April-2016_19_04.pdf. South Africa added
418 MW in 2016 for a total of 1,471 MW, from GWEC, op. cit. note
1, and from WWEA, op. cit. note 1. Note that Egypt added 174 MW
for a year-end total of 842 MW, and Morocco added 100 MW for
a total of 896 MW, with additions provided by original equipment
manufacturers (OEMs), from Zhao, op. cit. note 40, and from FTI
Consulting, op. cit. note 1, p. 55.

GWEC, op. cit. note 7, GWEC, op. cit. note 1; Kenya also from
Daniel Cusick, "How a huge wind farm in Kenya could transform
Africa's energy landscape”, E&E News, 11 October 2016, http://
www.eenews.net/climatewire/2016/10/11/stories/1060044075.

Largest investment and expected completion from Lake
Turkana Wind Power, "Overview”, http://ltwp.co.ke/project-
overview/, viewed 21 March 2017; largest in Africa from
African Development Bank Group, “Lake Turkana Wind Power
Project: the largest wind farm project in Africa”, https://www.
afdb.org/en/projects-and-operations/selected-projects/
lake-turkana-wind-power-project-the-largest-wind-farm-
project-in-africa/, viewed 21 March 2017; approximately 15%
from Lake Turkana Wind Power, “Project Overview”, http://
ltwp.co.ke/, viewed 18 May 2017. The project was completed
and soon to be commissioned as of late April 2017, per GWEC,
op. cit. note 1. The project is expected to generate electricity
for more than 1 million homes, from Antony Kiganda, “Kenya's
Lake Turkana Wind Power project nears completion”, Asoko
Insight, 29 November 2016, https://asokoinsight.com/news/
kenyas-lake-turkana-wind-power-project-nears-completion.

Australia added 140 MW for a total of 4,327 MW, from GWEC,
op. cit. note 1; added 140 MW for total of 4,325 MW, from FTI
Consulting, op. cit. note 1, p. 54; and added 140 MW for a total
of 4,326 MW, from WWEA, op. cit. note 1. The Pacific Islands
added 1 MW of capacity for a year-end total of 23 MW, from FTI
Consulting, op. cit. note 1, p. 54.

The Kuwait project was reported by the OEM of turbines
installed, from Zhao, op. cit. note 40, and from FTI Consulting,
op. cit. note 1, p. 55. For other news of this project, see, for
example, Nada Bedir, “Fostering renewable energy deployment
in Kuwait - special report”, Kuwait Times, 4 April 2016, http://
news.kuwaittimes.net/website/fostering-renewable-energy-
deployment-kuwait/;"Kuwait Al-Shagaya solar and wind project
to be completed soon”, Voice of Renewables, 18 May 2016,
http://voiceofrenewables.com/solar/kuwait-al-shagaya-solar-
and-wind-project-to-be-completed-soon/; and Elecnor, “Wind
power Shagaya”, http://www.elecnor.es/Common/pdf/galerias_
descargas-en/02-renewables/12-wind-power/Referencia-
Shagaya-(Kuwait)-EN.pdf?_ga=1.99237917.2025466108.14921
80197, viewed 17 April 2017. Saudi Arabia from FTI Consulting,
op. cit. note 1, p. 18; from Jan Dodd, “Saudi Arabia announces
400MW tender”, Windpower Monthly, 3 February 2017, http://
www.windpowermonthly.com/article/1423109/saudiarabia-
announces-400mw-tender; and from Reem Shamseddine,
“Saudi Aramco, GE to launch Saudi Arabia’s first wind turbine
next month”, Reuters, 18 December 2016, http://ca.reuters.com/
article/businessNews/idCAKBN1470PM.

Figure of 2,219 MW connected to grids for total of 14,384 MW
from GWEC, op. cit. note 1, p. 59. A little more than 2 GW of
capacity was grid-connected for a total of 14,160 MW, from
EurObserVv'ER, op. cit. note 1, p. 4; 1,985 MW was added
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(including 1,326 MW in Europe, 629 MW in Asia-Pacific and

30 MW in North America), for a total of 14,061 MW, from FTI
Consulting, op. cit. note 1, p. 48. Globally 24 turbines (totalling 9
MW) were decommissioned, from FTI Consulting, op. cit. note
1, p. 48; decommissioned turbines included 5 MW in Germany,
2 MW in Portugal (a 2 MW floating turbine) and 2 MW in the
Netherlands (four 500 kW turbines), from WindEurope, The
European Offshore Wind Industry - Key Trends and Statistics 2016
(Brussels: January 2017), https://windeurope.org/wp-content/
uploads/files/about-wind/statistics/WindEurope-Annual-
Offshore-Statistics-2016.pdf.

Based on 1,558 MW added in Europe and a total of 12,631 MW

at year's end, from GWEC, op. cit. note 1, p. 59. Gross additions

in Europe were 1,567 MW and net additions were 1,558 MW,

for a regional total of 12,631, from WindEurope, op. cit. note 65.
Europe accounted for 87.6% of offshore wind capacity at year's
end, followed by Asia-Pacific with 12.1% and North America, from
FTI Consulting, op. cit. note 1, p. 48. Figure 28 based on data
from GWEC, Global Wind Report: Annual Market Update 2015,

op. cit. note 60, pp. 50-51; GWEC, op. cit. note 1; Shi Pengfei,
CWEA, personal communication with REN21, April 2010 and
March 2017; FTI Consulting, op. cit. note 1, p. 60; WindEurope, op.
cit. note 65, p. 17; AWEA, "First US offshore wind farm unlocks
vast new ocean energy resource”, press release (Block Island,

RI: 12 December 2016), http://www.awea.org/MediaCenter/
pressreleasev2.aspx?ltemNumber=9627.

Germany brought 813 MW (net) online, followed by the
Netherlands (691 MW) and the United Kingdom (56 MW),

and at year's end, work was ongoing on 4.8 GW of projects in
Belgium, Germany, the Netherlands and the United Kingdom, all
from WindEurope, op. cit. note 65. Germany added a net of 853
MW, from BMWi, op. cit. note 45, p. 7, Germany added 818 MW,
bringing total offshore capacity to 4,108.3 MW, and dismantled
its first offshore turbine (5 MW prototype); 122.7 MW was erected
during the year but not grid connected, from B. Neddermann,
"Offshore wind energy capacity in Germany reaches 4,108
megawatts”, DEWI Magazin, March 2017, pp. 66-69, http://www.
dewi.de/dewi_res/fileadmin/pdf/publications/Magazin_50/
DM_50_lowres.pdf. The Netherlands added a net of 600 MW
offshore, from Centraal Bureau voor de Statistiek, op. cit. note 43.
Countries with projects under construction included Belgium,
Finland, Germany, the Netherlands and the United Kingdom,
from idem. Driver from Christian Schwagerl, “For European
wind industry, offshore projects are booming”, Yale e360, 20
October 2016, http://e360.yale.edu/feature/european_offshore_
wind_industry_booming/3046/. Finland started construction

of its first offshore wind farm, the 40 MW Tahkoluoto project,
expected to be the first designed for icy conditions, from William
Steel, "Developers optimistic about Finland's offshore wind
market"”, Renewable Energy World, 16 June 2016, http://www.
renewableenergyworld.com/articles/2016/06/developers-
optimistic-about-finland-s-offshore-wind-market.html. No
capacity was brought online off the coasts of the United Kingdom
in 2016, with only the Netherlands (744 MW) and Germany (582
MW) adding capacity, from FTI Consulting, op. cit. note 1, p. 48.

China added 592.2 MW near shore (all previously existing
projects were in intertidal areas) for a total of 1,627 MW, from
GWEC, op. cit. note 1, pp. 39, 61, and from GWEC, op. cit. note 7;
China added 592 MW for a total of 1,613 MW from FTI Consulting,
op. cit. note 1, p. 48.

“China can expect a surge in offshore wind farms, Goldwind
says”, Bloomberg, 11 January 2017, https://www.bloomberg.com/
news/articles/2017-01-11/china-can-expect-a-surge-in-offshore-
wind-farms-goldwind-says. Note that the 13th Five-Year Plan for
Wind Power Development includes a target of 5 GW in operation
by 2020, from Shi, op. cit. note 17.

Republic of Korea from Shaun Campbell, “Strong growth pushes
wind close to 500GW", Windpower Monthly, 1 March 2017, http://
www.windpowermonthly.com/article/1425161/strong-growth-
pushes-wind-close-500gw; United States from AWEA, op. cit.
note 66; Alex Kuffner, “Wind farm off Block Island operating at
full capacity after repair”, Providence Journal, 6 February 2017,
http://www.providencejournal.com/news/20170206/wind-farm-
off-block-island-operating-at-full-capacity-after-repair; Japan
anchored a 7 MW floating turbine in 2015 that began official
operation in 2016, from Yoshinori Ueda, Japan Wind Power
Association, personal communication with GWEC, 30 April 2017;
a7 MW turbine was installed in May 2016 and anchored in July,
with official operation estimated to be in 2017, from idem; see also
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Fukushima Floating Offshore Wind Farm Demonstration Project,
“The installation of ‘Fukushima Hamakaze' in the testing area”, 1
August 2016, http://www.fukushima-forward.jp/english/news_
release/news160801.html. All three, including floating turbine in
Japan, from FTI Consulting, op. cit. note 1, p. 48, and from GWEC,
op. cit. note 1, pp. 62-63. In addition, a near-shore/intertidal wind
project in Vietnam (the 99.2 MW Bac Lieu wind farm) came online
in stages from 2013-2015, GWEC, op. cit. note 1, p. 65; it is not
included in the offshore data because it is a few metres offshore
and dry much of the time, per Sawyer, op. cit. note 36.

Barriers to offshore wind power in the United States include

vast open land with good onshore wind resources, from

US Department of Energy (DOE), Energy Efficiency and
Renewable Energy (EERE), Wind Technologies Market Report
2015 (Washington, DC: August 2016), p. 10, https://emp.lbl.
gov/sites/all/files/2015-windtechreport.final _.pdf, and from

Chris Martin, “Largest US offshore wind farm planned in New
York waters", Renewable Energy World, 20 July 2016, http://
www.renewableenergyworld.com/articles/2016/07/largest-us-
offshore-wind-farm-planned-in-new-york-waters.html. Also,

note that offshore wind in the United States is competing in a
market with relatively lower electricity prices than in Europe,
from Steve Sawyer, GWEC, personal communication with REN21,
20 September 2016. As of August 2016, 23 offshore projects
totalling more than 16 GW were in various stages of development,
including the Block Island project, which came online in late 2016,
from DOE, EERE, op. cit. this note, p. vi. According to AWEA,

by late 2016, 13 offshore projects totalling 6 GW were in various
stages of development in 10 states, off the Atlantic and Pacific
coasts and in the Great Lakes, from Nancy Sopko, "American
offshore wind power is here”, AWEA, 22 August 2016, http://
www.aweablog.org/american-offshore-wind-power/, and from
Greg Alvarez, "Top six wind power trends of 2016", AWEA, 22
December 2016, http://www.aweablog.org/top-six-wind-power-
trends-2016/. Drivers for offshore wind in the country include
proximity of good offshore resources to population centres,

from DOE, EERE, op. cit. this note, p. 10; as well as favourable
policies in some eastern states, from Brian Dumaine, “"Wind
power takes to the seas”, Fortune, 14 March 2017, http://fortune.
com/2017/03/14/offshore-wind-power-deepwater-de-shaw/.

At year's end, the UK had 5,156 MW, followed by Germany (4,108 MW),
Denmark (1,271 MW), the Netherlands (1,118 MW) and Belgium
(712 MW), from WindEurope, op. cit. note 65. Germany's offshore
capacity was 4,150 MW, from BMWi, op. cit. note 45, p. 7. China
added 592 MW for a total of 1,627 MW, from GWEC, op. cit.

note 1, and from “China can expect a surge in offshore wind
farms, Goldwind says”, Bloomberg, 11 January 2017, https://www.
bloomberg.com/news/articles/2017-01-11/china-can-expect-a-
surge-in-offshore-wind-farms-goldwind-says.

FTI Consulting, Global Wind Market Update - Demand & Supply
2015 - Wind Farm Owner-Operators (London: 2016), p. 2; GWEC,
op. cit. note 1.

GWEC, op. cit. note 1, pp. 8-11. For example, Whirlpool installed
its own wind turbines at two additional factories in Ohio, from
David Weston, "Whirlpool installs turbine plants”, Windpower
Monthly, 25 May 2016, http://www.windpowermonthly.com/
article/1396377/whirlpool-install-turbines-plants; Nestlé signed
a wind deal to meet half of its UK and Ireland power needs from
a Scottish wind farm, from “Nestlé signs Sanquhar wind farm
deal”, BBC News, 22 June 2016, http://www.bbc.com/news/
uk-scotland-south-scotland-36586926; IKEA purchased its
second wind farm in Alberta, Canada, from Amanda Stephenson,
"IKEA buys second Alberta wind farm”, Calgary Sun, 26 January
2017, http://www.calgarysun.com/2017/01/26/ikea-buys-second-
alberta-wind-farm; see also Greg Alvarez, "Corporate America
wants wind power”, AWEA Blog, 17 November 2016, http://www.
aweablog.org/corporate-america-wants-wind-power/.

US figure from Hunt, op. cit. note 30; Europe from FTI Intelligence,
op. cit. note 2; see also GWEC, op. cit. note 1, pp. 8-11.

In Sweden and Norway, demand from insurance companies,
furniture stores and others has exceeded expectations and
targets, from Jesper Starn, “Sweden sees red over Google and
IKEA's green goals", Bloomberg, 8 February 2017, https://www.
bloomberg.com/news/articles/2017-02-09/google-ikea-nordic-
wind-power-crush-comes-too-soon-for-sweden.

See, for example, Samantha Turnbull, “Australia’s first community-

owned renewable energy retailer Enova to open its doors in
Byron Bay", ABC News Australia, 4 January 2016, http://www.
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abc.net.au/news/2016-01-05/australia-first-community-owned-
energy-retailer-enova/7068420; Energy4All Limited, “Delivering
community-owned green power”, http://www.energy4all.
co.uk/, viewed 29 April 2017; Community Windpower website,
http://www.communitywindpower.co.uk/, viewed 29 April 2017;
Windustry, “Community wind", http://www.windustry.org/
community-wind, viewed 29 April 2017.

Spain and Ontario from Stefan Gsanger and Jean-Daniel
Pitteloud, WWEA, Bonn, personal communication with REN21, 9
March 2017; Spain also from Eolica Popular (EOLPOP) website,
http://www.viuredelaire.cat/, viewed 12 April 2017; Ontario
project achieved commercial operation in late 2016, from Oxford
Community Energy Co-operative, "Oxford Community Energy
Co-op”, http://www.oxford-cec.ca/, viewed 18 May 2017; Australia
from Michael Slezak, "Renewables roadshow: How Daylesford's
windfarm took back the power”, The Guardian (UK), 14 March
2017, https://www.theguardian.com/environment/2017/mar/15/
renewables-roadshow-community-owned-windfarm-daylesford-
hepburn-australia.

Institute for Sustainable Energy Policies (ISEP), “Community
power growing in Japan and world-wide”, REN21 Newsletter,
March 2017. ISEP uses the same definition of community power
as the WWEA: "Community power” is defined as having at least
two of the following criteria: local stakeholders (individuals

or a group) own the majority or all of the project; control over
voting rests with the community-based organisation, made up
of local stakeholders; the majority of social and environmental
benefits are distributed locally, per WWEA, "WWEA defines
community power”, 23 May 2011, http://www.wwindea.org/
communitypowerdefinition/.

Gsénger and Pitteloud, op. cit. note 78. This is occurring in

the EU, for example, from Giorgio Corbetta, European Wind
Energy Association (EWEA), personal communication with
REN21, 30 March 2016. See, for example, Sara Knight, "Analysis:
Citizen ownership at risk from new system”, Windpower
Monthly, 25 August 2015, http://www.windpowermonthly.
com/article/1361449/analysis-citizen-ownership-risk-new-
system; WWEA, “Study: Community wind threatened by
discriminating policies”, press release (Bonn: 22 March 2016),
http://www.wwindea.org/study-community-wind-threatened-
by-discriminating-policies/; Carlo Schick, Stefan Gsanger and
Jan Dobertin, Headwind and Tailwind for Community Power
(Bonn: WWEA, February 2016), http://www.wwindea.org/
study-community-wind-threatened-by-discriminating-policies/.

WWEA, Small Wind World Report 2016 (Bonn: March 2016),
Summary, http://www.wwindea.org/small-wind-world-market-
back-on-track-again/; RenewableUK, Small and Medium Wind UK
Market Report (London: March 2015), http://www.renewableuk.
com/news/304391/Small-and-Medium-Wind-UK-Market-
Report-2015.htm; displace diesel from Navigant Research, “Small
and medium wind power”, http://www.navigantresearch.com/
research/small-and-medium-wind-power, viewed 12 February
2014; Navigant Research, "Worldwide small & medium wind
power installations are expected to total more than 3.2 gigawatts
from 2014 through 2023", press release (Boulder, CO: 5 January
2015), https://www.navigantresearch.com/newsroom/worldwide-
small-medium-wind-power-installations-are-expected-to-total-
more-than-3-2-gigawatts-from-2014-through-2023. Off-grid
applications continued to play an important role in remote areas
of developing countries, per WWEA, op. cit. this note. In China
there are increasing numbers of wind/solar PV hybrid systems in
rural areas, from Chinese Wind Energy Equipment Association
(CWEEA), “The development of Chinese small wind generators”,
WWEA Wind Bulletin, no. 2 (September 2016), pp. 6-7, http://www.
wwindea.org/wwea-bulletin-issue-2-2016-small-wind-special/.

Preliminary data from WWEA, Small Wind World Report 2017
(Bonn: forthcoming June 2017), Summary, http://small-wind.org/
wp-content/uploads/2014/12/SWWR2017-SUMMARY.pdf.

Preliminary data from WWEA, op. cit. note 82. Global small

wind capacity at end-2015 is estimated at roughly 1.3 GW,

based on surveys of international government and industry
publications, from Alice C. Orrell et al., 2015 Distributed Wind
Market Report (Richland, WA: Pacific Northwest National
Laboratory, August 2016), prepared for DOE, p. ii, https://energy.
gov/sites/prod/files/2016/08/f33/2015-Distributed-Wind-Market-
Report-08162016_0.pdf. This was up from an estimated 810 MW
at the end of 2014, 678 MW in 2012, and 755 MW in 2013,

from Alice C. Orrell and Nikolas F. Foster with Scott L. Morris,
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2014 Distributed Wind Market Report (Washington, DC: DOE,
EERE), August 2015), pp. 15-16, https://energy.gov/eere/wind/
downloads/2014-distributed-wind-market-report.

Data for China and the United States are preliminary, from
WWEA, op. cit. note 82. UK data were not available at time of
publication.

Preliminary data from WWEA, op. cit. note 82. Italy had an
estimated 83 MW by January 2017, from Jean Daniel Pitteloud,
WWEA, Bonn, personal communication with REN21, 27 April
2017.

Navigant Research, “Global annual installed capacity of small
and medium wind turbines is expected to exceed 446 MW in
2026", press release (Boulder, CO: March 2017), https://www.
navigantresearch.com/newsroom/global-annual-installed-
capacity-of-small-and-medium-wind-turbines-is-expected-to-
exceed-446-mw-in-2026; Pitteloud, op. cit. note 85.

China from Orrell et al., 2015 Distributed Wind Market Report,

op. cit. note 83, p. 11. The UK market fell from 28.5 MW in 2014
to close to 12 MW in 2015; Italy's 2015 market fell to 10.8 MW,
down 32% compared to 2014, from idem, p. 11. In 2015, the United
States deployed 4.3 MW of small-scale wind turbines, or 1,695
units, and saw over USD 21 million in investment; this was up
slightly over 2014, when 3.7 MW was added (1,600 units) at

USD 20 million, but down from 2013, when 5.6 MW was installed
(2,700 units) and USD 36 million invested, from idem, p. i.

Gsanger and Pitteloud, op. cit. note 78; Navigant Research, op.
cit. note 86.

Market size (based on billion Euro market) from GWEC, cited

in Jennifer Runyon, “Making the most energy from the wind”",
Renewable Energy World, May/June 2015, pp. 32-37. Repowering
began in Denmark and Germany, due to a combination of
incentives and a large number of ageing turbines. It is driven

by technology improvements and the desire to increase output
while improving grid compliance and reducing noise and bird
mortality, from International Energy Agency (IEA), Technology
Roadmap - Wind Energy, 2013 Edition (Paris: 2013), p. 10,

and from James Lawson, “Repowering gives new life to old
wind sites”, Renewable Energy World, 17 June 2013, http://
www.renewableenergyworld.com/rea/news/article/2013/06/
repowering-gives-new-life-to-old-wind-sites. Ultimately,
repowering, where it happens, is driven by the economics of the
project, and relevance of other factors depends on whether the
government puts incentives in place in relation to them, from
Steve Sawyer, GWEC, personal communication with REN21, 13
April 2015.

Runyon, op. cit. note 89; Zuzana Dobrotkava, World Bank,
Washington, DC, personal communication with REN21, 28
January 2016.

An estimated 606 turbines totalling 485 MW, and significant
increase over 2015, from FTI Consulting, Global Wind Market
Update - Demand & Supply 2016, Part One - Supply Side Analysis
(London: 2016), p. 24, http://www.fti-intelligencestore.com/index.
php?route=download/main&download_id=147; plus 115 turbines
totalling 48 MW in the United States, from AWEA, op. cit. note 26.

Germany data from Bundesnetzagentur, provided by Peter Bickel,
Zentrum fur Sonnenenergie- und Wasserstoff-Forschung Baden-
Wirttemberg (ZSW), personal communication with REN21, April
2017. All except Germany and United States from FTI Consulting,
op. cit. note 91, p. 24. Denmark dismantled 58 MW/179 units;
Finland 42 MW/18 units; Canada 12 MW/57 units; the United
Kingdom 3 MW/5 units; the Netherlands 2 MW/4 units; Sweden
2 MW/6 units; Japan 1 MW/1 unit, all from idem. The United
States decommissioned 48 MW/115 units, from AWEA, op. cit.
note 26. Germany dismantled 336 units (366 MW) from FTI
Consulting, op. cit. note 91.

MAKE, cited in Betsy Lillian, “To repower or to retrofit: how
does the PTC affect wind owners’ decisions?" North American
Windpower, 8 December 2016, http://nawindpower.com/
to-repower-or-retrofit-how-does-the-ptc-affect-wind-owners-
decisions. Note also plans to dismantle 83 MW of turbines in
Altamont Pass to reduce impacts on birds, from Ros Davidson,
“Dismantling under way at Altamont Pass", Windpower
Monthly, 11 March 2016, http://www.windpowermonthly.com/
article/1386985/dismantling-altamont-pass.

Share of demand in text and Figure 29 based on data from
the following: Denmark (37.6%) share of total electricity
consumption, from Energinet.dk, cited in David Weston, "Danish
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wind share falls in 2016", Windpower Monthly, 13 January 2017,
http://www.windpowermonthly.com/article/1420900/danish-
wind-share-falls-2016. Ireland (27%), Cyprus (19.7%), Spain
(19%), Romania (12.5%), Sweden (11.4%), Lithuania (10.6%),
Austria (10.4%) and EU (10.4%) all wind penetration rates, from
WindEurope, op. cit. note 23, p. 21. WindEurope estimates
represent the average of penetration rates captured hourly from
ENTSO-E and corrected with data from national TSOs and BEIS,
although data were not available for all European countries. In
Spain, wind power accounted for 18.4% of annual generation,
from Red Eléctrica de Espafia, “Estructura de generacién anual
nacional 2016", 8 March 2017, http://www.ree.es/es/. Portugal
(24%) from Jodo Gomes, Associagéo Portuguesa de Energias
Renovéveis, personal communication with REN21, April 2017.
Uruguay (22.8%) from Uruguay Secretary of Energy, Ministry
of Industry, Energy and Mining, Balance Energético Preliminar
2016 (Montevideo: 2017), http://www.dne.gub.uy/web/energia/-/
balance-energetico-nacion-1. Wind power accounted for 21.6%
of electricity production and 22.8% of electricity consumption
in Uruguay, based on data from idem. Germany (13%) share

of gross electricity consumption, from BMWi, op. cit. note 45,
pp. 41-42. Wind power's share of Germany's gross electricity
consumption was 10.9% onshore and 2.1% offshore (for total of
13%) in 2016, down from 11.9% onshore and 1.4% offshore (for
total of 13.3%), from idem. Wind power accounted for 14.3%

of electricity generation (net generation of power plants for
public power supply) in Germany during 2016, from Fraunhofer
ISE, "Electricity generation in Germany in 2016", updated 12
March 2017, https://www.energy-charts.de/energy_pie.htm.
United Kingdom (11.1%) share of electricity supplied based on
37,505 GWh (onshore 21,094 GWh and offshore 16,411 GWh)

of wind power generation from UK Department for Business,
Energy & Industrial Strategy, National Statistics, op. cit. note
43, p. 69, and on total UK generation of 338.580 TWh and total
supplied was 336.89 TWh, from UK Department for Business,
Energy & Industrial Strategy, National Statistics, Energy Trends
Section 5: Electricity, p. 57, https://www.gov.uk/government/
uploads/system/uploads/attachment_data/file/604090/
Electricity.pdf. Costa Rica (10.5%) of electricity demand based
on wind generated 1,147,291.27 MWh of electricity during

2016; total electricity production was 10,781,699.03 MWh, and
total national electricity demand was 10,932,084.16 MWh. So
wind represented 10.5% of total national demand and over
10.6% of national generation, from Instituto Costarricense

de Electricidad, Generacion y Demanda Informe Annual

Centro Nacional de Control de Energia, 2016 (San José: March
2017), p. 4, https://appcenter.grupoice.com/CenceWeb/
AccesoArchivos?pmod=1&pcat=3&ptip=3008&pcod=8. Wind
power capacity in the EU generated almost 300 TWh during
2016, from GWEC, op. cit. note 1, p. 16.

In addition to countries noted above and in Figure 29, countries
meeting 5% or more of their annual demand with wind power
included Australia, Italy, the United States, Brazil, Belgium,
Canada, Poland, Estonia, Turkey, Greece and the Netherlands.
Based on data from WindEurope, op. cit. note 23, p. 21; GWEC,
op. cit. note 1; CanWEA, “Installed capacity”, op. cit. note 33.
National Electrical System Operator of Brazil (ONS), “Geragéo
de energia”, http://www.ons.org.br/historico/geracao_energia.
aspx, viewed 19 March 2017; EIA, op. cit. note 26, Tables 1.3.B and
114.B.

Over 5.5% based on generation at utility-scale facilities in all
economic sectors by wind power and total US power capacity,
from EIA, op. cit. note 26, Tables 1.3.B and 1.14.B. Wind power
accounted for more than 5% of generation in 20 states, more
than 10% in 14 states (up by 2 over 2015), more than 15% in 9
states (up from 8 in 2015) and more than 20% in 5 states (up from
3in 2015), namely lowa (36.6%), Kansas (29.6%), South Dakota
(30.3%), Oklahoma (25.1%) and North Dakota (21.5%), all from
idem.

The potential share of wind energy in the net energy
consumption of Germany's federal states was 87.8% in
Schleswig-Holstein, followed by Mecklenburg-Vorpommern
(86.4%), Brandenburg (64.1%), Sachsen-Anhalt (62.7%),
Niedersachsen (32.5%) and Thiringen (20.1%), all from Ender,
op. cit. note 45, pp. 62, 64. Note that data are not based on
actual production (not yet available) but on potential annual yield
assuming a normal (100%) wind year, based on average load
factors calculated for wind turbines of different power classes
for each federal state and on assumption that all wind turbines
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are not taken into account, from idem, p. 64.

Share of 4% based on global wind power capacity installed
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and 36.15% offshore, based on capacity and generation data

for 2015, from IEA, Renewable Energy Medium-Term Market
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generation in 2016 based on the following: 24,098 TWh in 2015
from BP, Statistical Review of World Energy 2016 (London: 2016),
and an estimated 2.73% growth in global electricity generation
for 2016. For further details, see endnote for Figure 4 in Global
Overview chapter. Wind's share was 5%, per WWEA, WWEA
Annual Report 2016 (Bonn: May 2017), http://www.wwindea.org/.

Gsanger and Pitteloud, op. cit. note 78; GWEC, op. cit. note 1.
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orders for 2016", press release (Paris: 7 February 2017), http://
www.genewsroom.com/press-releases/ge-announces-record-
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investment stagnates”, Bloomberg, 11 October 2016, https://www.
bloomberg.com/news/articles/2016-10-12/green-energy-boom-
picks-up-speed-even-as-investment-stagnates. Competition
with natural gas and solar PV, from Eric Lantz, US National
Renewable Energy Laboratory (NREL), cited in Jennifer Runyon,
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Renewable Energy World, January/February 2017, pp. 20-23.
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RENZ21, 29 October 2015; Bloomberg New Energy Finance
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17, http://fs-unep-centre.org/sites/default/files/publications/
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estimates that the central LCOE of onshore wind power declined
18% in one year, to USD 68 per MWh in the second half of 2016,
and offshore wind was down 28% to USD 126 per MWh in the
same time frame.

Chile from FTI Consulting, op. cit. note 1, p. 29; India from “India’s
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Bridge to India, February 2017, http://www.bridgetoindia.com/
indias-first-wind-power-auction-upend-traditional-business-
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https://www.bloomberg.com/news/articles/2017-03-09/
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at-sea; GWEC, op. cit. note 1. Brazil, Mexico, Turkey, and parts

of Australia, China and the United States from Sawyer, op. cit.
note 102, and from Sawyer, op. cit. note 11; Morocco from Steve
Sawyer, GWEC, personal communication with REN21, 14 April
2017; Canada from CanWEA, “Wind energy continues rapid
growth...”, op. cit. note 33; South Africa from GWEC, "Wind
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- part two", Windpower Monthly, 31 December 2016, http://www.
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and from Tom Azzopardi, “Wind wins again in Chile", Windpower
Monthly, 18 August 2016, http://www.windpowermonthly.
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School-UNEP Centre and BNEF, op. cit. note 103, p. 19.
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110 FTI Intelligence, op. cit. note 2; FTI Consulting, op. cit. note 91,
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Consulting, op. cit. note 91, pp. 6, 10.

FTI Intelligence, op. cit. note 2; FTI Consulting, op. cit. note 91,
pp. 6, 10.

FTI Consulting, op. cit. note 91, p. 12.

Based on data from Ibid., p. 10. Note that the top 15 accounted for
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Orrell et al., 2015 Distributed Wind Market Report, op. cit. note 83,
p.18.

Orrell et al., 2015 Distributed Wind Market Report, op. cit. note 83,
p. 18.

Based on data for 2014 and 2015 (more recent data not available),
from WWEA, op. cit. note 81, Summary. In the United Kingdom
there were about 15 small and medium (up to 225 kW) wind
turbine manufacturers as of late 2014 or early 2015, from
RenewableUK, op. cit. note 81, p. 19.

CWEEA, op. cit. note 81, pp. 6-7, http://www.wwindea.org/wwea-
bulletin-issue-2-2016-small-wind-special/; Orrell et al., 2015
Distributed Wind Market Report, op. cit. note 83, p. ii; Navigant
Research, op. cit. note 167. In the United States, 31 companies
reported sales in 2012, 16 companies in 2013, 11in 2014, and 10
(eight domestic manufacturers and two importers) in 2015; in
addition, foreign manufacturers have lost interest in the United
States due to the expiration of important federal incentives, all
from Orrell et al., 2015 Distributed Wind Market Report, op. cit.
note 83, p. ii.

"Endurance Wind UK goes bust", Renews Biz, 1 December 2016,
http://renews.biz/105114/endurance-wind-ukgoes-bust/; UK sales
accounted for up to 90% of the company's revenue, from idem.

Orrell et al., 2015 Distributed Wind Market Report, op. cit. note 83,
pp.1,8,9.
CWEEA, op. cit. note 81, pp. 6-7.

Sidebar 2 and Table 2 from the following sources: all data come
from IRENA's Renewable Cost Database of 15,000 utility-scale
renewable power generation projects and 1 million small-scale
solar PV systems. A real weighted average cost of capital of
7.5% is assumed for the OECD and China, and 10% for all other
countries. For details of the other underlying assumptions and
the project-level data for installed costs, capacity factors and
LCOE, see IRENA, Renewable Power Generation Costs in 2016
(Abu Dhabi: 2017), www.irena.org/costs. For solar PV's rapid
decline, see IRENA, The Power to Change: Solar and Wind Cost
Reduction Potential to 2025 (Abu Dhabi: 2017), http://www.irena.
org/DocumentDownloads/Publications/IRENA_Power_to_
Change_2016.pdf.
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utilities-mining/pdf/electricity-beyond-grid.pdf; fuel and prices
from International Finance Corporation (IFC), Off-Grid Solar
Market Trends Report 2016 (Washington, DC: February 2016), p.
6, http://www.energynet.co.uk/webfm_send/1690; modularity,
flexibility and construction times from Andrew Meyer, “Why a
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20 May 2016, https://www.swellenergy.com/blog/2016/05/20/
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learning curves and rates of improvement from Kartikeya Singh,
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SGNLO0057; improved health from World Health Organization,
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12 January 2016, https://blogs.adb.org/blog/4-ways-empower-
asian-women-through-energy-access, and from Katherine
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energydevelopment/energyaccessdatabase/, viewed 8 March
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investment in the latter group based on average cost per MW in
different markets, ranging from USD 1.2 million in China to

USD 6 million in Canada. Estimates are approximate only, due
greatly to the fact that timing of the investment decision on

a project may be about four years on average away from the
moment of commissioning. As a result, a large share of the
investment total for the projects commissioned in 2016 was
actually invested in prior years; in addition, there was investment
during 2016 for projects that were still under construction in 2017
and were not included in the BNEF estimates. Note that data for
hydropower projects larger than 50 MW may differ somewhat
between this GSR and the Global Trends in Renewable Energy

Investment 2017 due to different methodologies and data sources.

(- See Hydropower section in Market and Industry Trends chapter,)

National Energy Administration of China, national electric industry
statistics as sourced from China's National Energy Board,

16 January 2017, http://www.nea.gov.cn/2017-01/16/c_135986964.htm.
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This report does not cover policies and activities related to

technology transfer, capacity building, carbon finance and

Clean Development Mechanism projects, nor does it highlight

broader framework and strategic policies - all of which are still 13
important to renewable energy progress. For the most part, this
report also does not cover policies that are still under discussion
or formulation, except to highlight overall trends. Information
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Renewables & Efficiency (DSIRE), RenewableEnergyWorld.com,
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specific contributors and a wide range of unpublished data. Much
of the information presented here and further details on specific
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for all sources here. Table 3 and Figures 45 through 48 are
based on idem and on numerous sources cited throughout this
section.
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Subsidies on Renewable Electricity Generation (London:
International Institute for Sustainable Development (IISD),
December 2014), http://www.iisd.org/sites/default/files/
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30 W. Brian Arthur, “Competing technologies, increasing
returns and lock-in by historical events”, Economic Journal,
vol. 99, no. 394 (1989), pp. 116-31, https://www.jstor.org/
stable/22342087seq=1#page_scan_tab_contents; Gregory
Unruh, “"Understanding carbon lock-in", Energy Policy, vol. 28,
no. 12 (2000), http://www.sciencedirect.com/science/article/pii/
S0301421500000707.
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Energy Future (Abu Dhabi: 2016), http://www.irena.org/
DocumentDownloads/Publications/IRENA_REmap_2016_
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Variable Renewable Energy in Electric Power Markets: Best
Practices from International Experience (Golden, CO: NREL, 2012),
http://www.nrel.gov/docs/fy120sti/53732.pdf.

32 Additional information on these strategies and best practices can
be found in Cochran et al., op. cit. note 31; IRENA, op. cit. note 22;
and IEA, op. cit. note 5. See also Debra Lew et al., Wind and Solar
Curtailment (Golden, CO: NREL, 2013), http://citeseerx.ist.psu.
edu/viewdoc/download?doi=10.1.1.390.1983&rep=rep1&type=pdf.
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ENDNOTES REFERENCE TABLES

REFERENCE TABLES

1

Table R1from the following sources: Bio-power based on 2015
forecast data in International Energy Agency (IEA), Medium-Term
Renewable Energy Market Report 2015 (Paris: 2015), https://www.
iea.org/bookshop/708-Medium-Term_Renewable_Energy_
Market_Report_2015, except for the following: U.S. Federal
Energy Regulatory Commission, “Office of Energy Projects Energy
Infrastructure Update for December 2015,” http://www.ferc.gov/
legal/staff-reports/2015/dec-infrastructure.pdf; Brazilian Electricity
Regulatory Agency (ANEEL), “Banco de informacoes de geragdo”,
http://www.aneel.gov.br/apl[cacoes/capacidadebrasil/combustivel.
cfm, viewed 9 May 2016; China National Renewable Energy
Centre, provided by Amanda Zhang, Chinese Renewable Energy
Industries Association, personal communication with REN21, 26
April 2016; Germany preliminary statistics from Bundesministerium
flr Wirtschaft und Energie, Erneuerbare Energien in Deutschland,
Daten zur Entwicklung im Jahr 2015 (Berlin: February 2016), http://
www.erneuerbare-energien.de/EE/Redaktion/DE/Downloads/
erneuerbare-energien-in-zahlen-2015.pdf; UK Department

of Energy & Climate Change, "Energy Trends Section 6 -
Renewables” (London: March 2016), Table 6.1, https://www.gov.
uk/government/statistics/energy-trends-section-6-renewables,
viewed 22 April 2016; Government of India, Ministry of New and
Renewable Energy (MNRE), “Physical progress (achievements)

- up to the month of December 2015," http://www.mnre.gov.in/
mission-and-vision-2/achievements/; MNRE, “Physical progress
(achievements) - up to the month of December 2014," http://
www.mnre.gov.in/mission-and-vision-2/achievements/; Japan
from Hironao Matsubara, Institute for Sustainable Energy Policies
(ISEP), Japan, personal communication with REN21, 10 April 2016.
Geothermal power from sources in endnote 1in Geothermal
Power and Heat section of Market and Industry Trends chapter.
Hydropower from sources in endnote 5 of this section. Ocean
power from International Renewable Energy Agency (IRENA),
Renewable Capacity Statistics 2017 (Abu Dhabi: April 2017),
http://www.irena.org/DocumentDownloads/Publications/
IRENA_RE_Capacity_Statistics_2017.pdf. Solar PV from sources
in endnote 6 of this section. CSP from sources in endnote 7 of this
section. Wind power from sources in endnote 9 of this section.
Modern bio-heat based on the following: 297 GW of bioenergy
heat plant capacity installed as of 2008, from Helena Chum et al.,
"Bioenergy”, in Ottmar Edenhofer et al., eds., IPCC Special Report
on Renewable Energy Sources and Climate Change Mitigation
(Cambridge, UK and New York, NY: Cambridge University Press,
20M), http://www.ipcc.ch/pdf/special-reports/srren/Chapter%20
2%20Bioenergy.pdf. Projections based on this number have been
made for past GSRs. The combination of the Chum et al. data,
plus past GSR projections, was used to estimate 2014 values of
305 GWi using a linear regression. The 2015 value presented here
assumes a 3.5% growth rate from that 305 GW value, based

on the same percent increase for modern heat generation as
presented in IEA, op. cit. this note, p. 242. Note that accurate heat
data, including from bioenergy, are very difficult to obtain as most
capacity installations and output are not metered. Even if plant
capacities are known, there is often no knowledge of whether

a 1 MW plant, for example, is used for 80 hours or 8,000 hours
per year. Geothermal heating capacity derived from John W.
Lund and Tonya L. Boyd, “Direct utilization of geothermal energy:
2015 worldwide review", in Proceedings of the World Geothermal
Congress 2015 (Melbourne, Australia: 19-25 April 2015), and from
Luis C.A. Gutiérrez-Negrin, International Geothermal Association
and Mexican Geothermal Association, personal communication
with REN21, March 2015. Capacity figure for 2015 is extrapolated
from 2014 values (from sources) by weighted-average growth rate
across eight categories of geothermal direct use: space heating,
bathing and swimming, greenhouse heating, aquaculture, industrial
use, snow melting and cooling, agricultural drying and other. The
weighted-average five-year annual growth rate for capacity is
6.0% compared to 5.9% simple growth rate for the same period.
The weighted-average five-year annual growth rate for utilisation
is 3.5% compared to 3.3% simple growth rate for the same period.
Solar collectors for water heating estimates based on Franz
Mauthner, AEE - Institute for Sustainable Technologies (AEE
INTEC), personal communication with REN21, April 2016, and on
Franz Mauthner and Werner Weiss, Solar Heat Worldwide: Markets
and Contribution to the Energy Supply 2014 (Gleisdorf, Austria: IEA
Solar Heating and Cooling Programme (IEA SHC), May 2016). See
Solar Thermal Heating and Cooling section in Market and Industry
Trends chapter and related endnotes for more details. Ethanol,

REN21

biodiesel and HVO production data from sources in endnote 3
of this section.

Table R2 from the following sources: For all global data, see
endnote 1for this section and other relevant reference tables. For
more-specific data and sources, see Global Overview chapter
and Market and Industry Trends chapter and related endnotes.
For sources for BRICS, EU and individual countries, see
endnote for Figure 5 in Global Overview chapter. Per capita
data based on capacity data provided in Reference Table R2 and
on 2015 country population data from World Bank, “Population,
total”, World Development Indicators, http://data.worldbank.org/
indicator/SP.POPTOTL, updated 23 March 2017.

Table R3 from the following sources: fuel ethanol data from
F.O. Licht, “Fuel Ethanol: World Production by Country”, 2016;
biodiesel and HVO data from F.O. Licht, "Biodiesel: World
Production, by Country”, 2017, with permission from F.O. Licht/
Licht Interactive Data. Preliminary 2015 data that appeared in
GSR 2016 have been updated where possible.

Table R4 from the following sources: See endnote 1 of
Geothermal section in Market and Industry Trends chapter.

Table R5 from the following sources: Global capacity estimate
based on International Hydropower Association (IHA), 2017

Key Trends in Hydropower (London: April 2017), http://www.
hydropower.org, on IHA, 2016 Hydropower Status Report (London:
May 2016), http://www.hydropower.org, and on IHA, personal
communication with REN21, March-April 2017. Total installed
capacity is 1,246 GW (31.5 GW added), less 150 GW of pumped
storage (6.4 GW added). Country data from the following
sources: China: total capacity, capacity growth, utilisation

and investment from China National Energy Administration
(CNEA), summary of national electric industry statistics

for 2016, http://www.nea.gov.cn/2017-01/16/c_135986964.

htm; capacity additions in 2016, including pumped storage,

from China Electricity Council, annual report on national

power system, 25 January 2017, http://www.cec.org.cn/
yaowenkuaidi/2017-01-25/164285.html; capacity, including
pumped storage, at year-end 2015 from CNEA, 13th Five-Year-
Plan for Hydro Power Development (Beijing: 29 November

2016), http://www.nea.gov.cn/135867663_14804701976251n.
pdf. Brazil: 5,292 MW (5,002 MW large hydro, 203 MW small
hydro and 87 MW very small hydro) added in 2016, from National
Agency for Electrical Energy (ANEEL), “Resumo geral dos

novos empreendimentos de geragao”, http://www.aneel.gov.
br/documents/655816/15224356/Resumo_Geral_das_Usinas_
margo_2017.zip, updated March 2017; large hydro capacity is
listed as 91,499 MW at end-2016, small (1-30 MW) hydro as
4,941 MW and very small (less than 1 MW) hydro as 484 MW
(compared to 398 MW in the previous year), for a total of

96,925 MW. United States: capacity from US Energy Information
Administration (EIA), Electric Power Monthly, February 2017,
Tables 6.2.B and 6.3, http://www.eia.gov/electricity/monthly.
Canada: data for 2015 only from Statistics Canada, “Table
127-0009 installed generating capacity, by class of electricity
producer”, http://www5.statcan.gc.ca/cansim. Russian
Federation: capacity from System Operator of the Unified
Energy System of Russia, Report on the Unified Energy System in
2016 (Moscow: January 2017), http://www.so-ups.ru/fileadmin/
files/company/reports/disclosure/2017/ups_rep2016.pdf. India:
installed capacity in 2016 (units larger than 25 MW) of 43,139 MW
from Government of India, Ministry of Power, Central Electricity
Authority, "All India installed capacity (in MW) of power stations”,
December 2016, http://www.cea.nic.in/reports/monthly/
installedcapacity/2016/installed_capacity-12.pdf; capacity
additions in 2016 (greater than 25 MW) of 415 MW from idem,
"Executive summary of the power sector (monthly)”, http://www.
cea.nic.in/monthlyarchive.html; installed capacity in 2016 (<25
MW) of 4,325 MW from Government of India, MNRE, “Physical
progress (achievements)”, http://www.mnre.gov.in/mission-
and-vision-2/achievements/, viewed 19 January 2017; capacity
additions in 2016 (<25 MW) of 148 MW based on difference of
year-end 2016 figure (above) and year-end 2015 figure (4,177
MW) from MNRE, idem. Ecuador: capacity from IHA, op. cit.
this note, all three references; Ethiopia: capacity from IHA, op.
cit. this note, all three references; Vietnam: capacity from IHA,
op. cit. this note, all three references; Peru: IHA, op. cit. this note,
all three references, and from Government of Peru, Organismo
Supervisor de la Inversién en Energia y Mineria, inventory of
hydropower projects, http://www.osinergmin.gob.pe/empresas/
electricidad/proyectos/generacion, viewed May 2017.
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ENDNOTES REFERENCE TABLES

Table R6 from the following sources: Unless noted otherwise,
data for end-2015 from IEA Photovoltaic Power Systems
Programme (IEA PVPS), Trends in Photovoltaic Applications, 2016:
Survey Report of Selected IEA Countries Between 1992 and 2015
(Paris: 2016), http://www.iea-pvps.org/fileadmin/dam/public/
report/national/Trends_2016_-_mr.pdf, and from SolarPower
Europe, Global Market Outlook for Solar Power 2016-2020
(Brussels: 2016). Data for 2016 from IEA PVPS, Snapshot of
Global Photovoltaic Markets 2016 (Paris: April 2017), p. 4, http://
www.iea-pvps.org/fileadmin/dam/public/report/statistics/
IEA-PVPS_-__A_Snapshot_of_Global_PV_-_1992-2016.pdf,
and from sources provided below. This report aims to provide

all solar PV data in direct current (DC) units. Note that some
countries (e.g., Canada, Chile, Japan since 2012, and Spain)
report data officially in alternating current (AC); for consistency
across countries, AC data were converted to DC by the relevant
sources listed. Additional country sources include: China:
Dazhong Xiao, “2016 photovoltaic power generation statistics”,
National Energy Board, 4 February 2017, http://www.nea.gov.
cn/2017-02/04/c_136030860.htm (using Google Translate).
United States: GTM Research, personal communication with
REN21, 2 May 2017, and GTM Research, cited in US Solar Energy
Industries Association (SEIA), “Solar Market Insight Report

2016 Year in Review”, http://www.seia.org/research-resources/
solar-market-insight-report-2016-year-review, viewed 2 May 2017.
Japan: IEA PVPS, Snapshot of Global Photovoltaic Markets 2016,
op. cit. this note, and Gaétan Masson, IEA PVPS and Becquerel
Institute, personal communication with REN21, 9 May 2017. India:
End-2015 from IEA PVPS, Trends in Photovoltaic Applications,

op. cit. this note. Additions in 2016 and year-end capacity based
on data from Government of India, MNRE, "Physical progress
(achievements)”, data as on 31 December 2016, http://www.mnre.
gov.in/mission-and-vision-2/achievements, viewed 19 January
2017, and from MNRE, "Physical progress (achievements)”,

data as on 31 December 2015, viewed 1 February 2016, and
assuming that India had 225 MW of CSP capacity (with no

2016 additions) in both years (See CSP section in Market and
Industry Trends chapter and Reference Table R7). United
Kingdom: UK Department for Business, Energy & Industrial
Strategy, “Solar Photovoltaics Deployment in the UK February
2017", updated 30 March 2017, https://www.gov.uk/government/
uploads/system/uploads/attachment_data/file/585828/
Solar_photovoltaics_deployment_March_2017.xIsx. Germany:
Bundesministerium fir Wirtschaft und Energie (BMWi), Zeitreihen
zur Entwicklung der erneuerbaren Energien in Deutschland,

unter Verwendung von Daten der Arbeitsgruppe Erneuerbare
Energien-Statistik (AGEE-Stat) (Stand: Februar 2017), p. 7, http://
www.erneuerbare-energien.de/EE/Redaktion/DE/Downloads/
zeitreihen-zur-entwicklung-der-erneuerbaren-energien-in-
deutschland-1990-2016.pdf. Republic of Korea: IEA PVPS,
Snapshot of Global Photovoltaic Markets 2016, op. cit. this note,
and Jaehong Seo, KOPIA, presentation for International Green
Energy Conference 2017, Daegu, Republic of Korea, 5-6 April 2017,
provided by Frank Haugwitz, Asia Europe Clean Energy (Solar)
Advisory Co. Ltd., personal communication with REN21, 8 May
2017. Australia: Australian PV Institute, “Australian PV market
since April 2001", http://pv-map.apvi.org.au/analyses, viewed 2
May 2017. See Solar PV section in Market and Industry Trends
chapter and related endnotes for additional statistics and details.

Table R7 compiled from the following sources: CSP Today,
"Projects Tracker”, http://social.csptoday.com/tracker/projects,
viewed on numerous dates leading up to 27 March 2017; US
National Renewable Energy Laboratory, “Concentrating solar
power projects by project name”, http://www.nrel.gov/csp/
solarpaces/by_project.cfm, viewed on numerous dates leading up
to 27 March 2017; REN21, Renewables 2016 Global Status Report
(Paris: 2016), pp. 67-69, http://www.ren21.net/wp-content/
uploads/2016/10/REN21_GSR2016_FullReport_en_11.pdf; IRENA,
Renewable Capacity Statistics 2017 (Abu Dhabi: 2017), http://
www.irena.org/DocumentDownloads/Publications/IRENA_RE_
Capacity_Statistics_2017.pdf. In some cases, information from the
above sources was verified against additional country-specific
sources, as cited in the endnotes for the CSP section. Global

CSP data are based on commercial facilities only; demonstration
or pilot facilities are excluded. Differences between IRENA

and REN21 data are due primarily to inclusion of pilot and
demonstration facilities in the IRENA report.

Table R8 from the following sources: cumulative solar thermal
capacity in operation nationally and globally at end-2015 from
Monika Spork-Dir, AEE INTEC, Gleisdorf, Austria, personal
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communications with REN21, March-May 2017; Werner Weiss
and Monika Spork-Dur, Solar Heat Worldwide: Markets and
Contribution to the Energy Supply 2015 (Gleisdorf, Austria: IEA
SHC, 2017). Gross additions on a national level from the following
associations and experts: David Ferrari, Sustainability Victoria,
Melbourne, Australia; Werner Weiss, AEE INTEC, Vienna, Austria;
Marcelo Mesquita, ABRASOL, Sao Paulo, Brazil; Hongzhi Cheng,
Shandong SunVision Management Consulting, Dezhou, China;
Denmark from Daniel Trier, PlanEnergi, Skarping, Denmark, and
from Jan-Olof Dalenback, Chalmers University of Technology,
Goteborg, Sweden; Richard Loyen, Enerplan, La Ciotat, France;
Marco Tepper, BSW Solar, Berlin, Germany; Costas Travasaros,
Greek Solar Industry Association (EBHE), Piraeus, Greece;
Jaideep Malaviya, Solar Thermal Federation of India (STFI),
Pune, India; Eli Shilton, Elsol, Kohar-yair, Israel; Federico
Musazzi, ANIMA, the Federation of Italian Associations in the
Mechanical and Engineering Industries, Milano, Italy; Kumiko
Saito, Solar System Development Association (SSDA), Tokyo,
Japan; Daniel Garcia, Solar Thermal Manufacturers Organisation
(FAMERAC), Mexico City, Mexico; Janusz Staroscik, Association
of Manufacturers and Importers of Heating Appliances (SPIUG),
Warsaw, Poland; Karin Kritzinger, Centre for Renewable

and Sustainable Energy Studies, Univeristy of Stellenbosch,
Stellenbosch, South Africa; Pascual Polo, Spanish Solar Thermal
Association (ASIT), Madrid, Spain; David Stickelberger, Swissolar,
Zurich, Switzerland; Kung-Ming Chung, Energy Research Center
of the National Cheng Kung University (NCKU), Tainan City,
Chinese Taipei; Turkey from Kutay Ulke, Bural Heating (formerly
Ezing Metal), Kayseri, Turkey, and from Krystyna Dawson,
BSIRA, Berkshire, United Kingdom; Les Nelson, Solar Heating &
Cooling Programs at the International Association of Plumbing
and Mechanical Officials (IAPMO), Ontario, CA, United States,
all personal communications with REN21, February-April 2017.
Gross additions for South Africa were not available at the time

of publication, so it is assumed that they remained stable from
2015 to 2016. Gross additions of Denmark for 2016 do not include
the new district heating plant in Brenderslev (26,929 m?), which
consists of parabolic trough collectors. Total gross additions
worldwide for 2016 are based on estimates from Spérk-Dir, op.
cit. this note.

Table R9 from the following sources: Global Wind Energy
Council (GWEC), Global Wind Report: Annual Market Update
2016 (Brussels: April 2017), http://www.gwec.net/strong-
outlook-for-wind-power/; FTI Consulting, Global Wind Market
Update - Demand & Supply 2016, Part Two - Demand Side
Analysis (London: March 2017); World Wind Energy Association
(WWEA), WWEA Annual Report 2016 (Bonn: May 2017), http://
www.wwindea.org/; WindEurope, Wind in Power 2016 European
Statistics (Brussels: 9 February 2017), https://windeurope.org/
wp-content/uploads/files/about-wind/statistics/WindEurope-
Annual-Statistics-2016.pdf. Additional sources listed where
relevant. China: 2015 year-end official data from China Electricity
Council, cited by China National Energy Administration (CNEA),
provided by Shi Pengfei, Chinese Wind Energy Association
(CWEA), personal communication with REN21, 21 March 2017;
2016 official data from China National Energy Board, cited in
Dazhong Xiao, CNEA, "2016 wind power and grid operation”, 26
January 2017, www.nea.gov.cn/2017-01/26/c_136014615.htm (using
Google Translate); unofficial 2015 and 2016 data based on CWEA,
provided by Shi, op. cit. this note. United States: American
Wind Energy Association, “U.S. Wind Industry Fourth Quarter
2016 Market Update” (Washington, DC: 26 January 2017), http://
awea files.cms-plus.com/FileDownloads/pdfs/4Q2016%20
AWEA%20Market%20Report%20Public%20Version.pdf, and
AWEA, AWEA U.S. Wind Industry Annual Market Report Year
Ending 2016 (Washington, DC: April 2017), http://www.awea.org/
AnnualMarketReport.aspx?ltemNumber=10217. Germany: BMWI,
op. cit. note 6. India: 2015 year-end total from Government of
India, MNRE, “Physical progress (achievements) up to the month
of December 2015", www.mnre.gov.in/mission-and-vision-2/
achievements, viewed 1 February 2016; 2016 additions and
year-end total from Government of India, Ministry of Power,
Central Electricity Authority, All India Installed Capacity, Monthly
Report January 2017 (New Delhi: 2017), Table: "All India Installed
Capacity (in MW) of Power Stations (As on 31.01.2017) (Utilities)",
http://www.cea.nic.in/reports/monthly/installedcapacity/2017/
installed_capacity-01.pdf. Brazil: Associagdo Brasileira de
Energia Edlica (ABEEdlica), "Dados Mensais", January 2017,
http://www.abeeolica.org.br/wp-content/uploads/2017/01/
Dados-Mensais-ABEEolica-01.2017-1.pdf, pp. 4, 6. Note that
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