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05 RURAL RENEWABLE ENERGY

Access to modern energy services is essential for economic 
growth and is indispensable to sustainable human develop-
ment. Worldwide, roughly 1.3 billion people continue to lack 
access to electricity and 2.6 billion rely on traditional biomass 
stoves and open fires for cooking and heating.1 More than 99% 
of people without electricity live in developing regions, and 
four out of five of them are in rural South Asia and sub-Saharan 
Africa.2 

Renewable energy can play an important role in providing 
modern energy services to the billions of people who depend on 
traditional sources of energy, often relying on kerosene lamps 
or candles for lighting, traditional biomass for cooking and 
heating, and expensive dry-cell batteries to power radios for 
communications. In many rural areas of developing countries, 
connections to electric grids are economically prohibitive or 
may take decades to materialise. Today, there exists a wide 
array of viable and cost-competitive alternatives to traditional 
biomass energy and to grid electricity and carbon-based fuels 
that can provide reliable and sustainable energy services. 
Renewable energy systems offer an unprecedented opportunity 
to accelerate the transition to modern energy services in 
remote and rural areas.

Rural renewable energy markets in developing countries show 
significant diversity, with the levels of electrification, access to 
clean cookstoves, financing models, and support policies vary-
ing greatly among countries and regions. Due to the diversity of 
situations as well as to the variety of renewable technologies, 
typologies, and applications, the actors in this field are very 
diverse as well, and differ from one region to the next. They 
range from small private distributors of solar lanterns, pico-
hydro systems, and modern cookstoves, to national govern-
ments, international nongovernmental organizations (NGOs), 
and development banks.3 

The primary actors in the rural renewable energy sector 
include: end users (private individuals and communities); 
national, regional, and local governments; utility companies; 
rural electrification agencies; development banks and 
multilateral organizations; international and national develop-
ment agencies; NGOs; private donors; and manufacturing 
and installation companies. They also include up-and-coming 
private investment companies, operations and maintenance 
(O&M) entities, system integrators, national-level importers, 
regulators, extension agents, local technicians and industries, 
microenterprises, and microfinance institutions (MFIs).

The large diversity in the field and lack of coordination make 
data collection and impact assessment challenging, resulting 
in the absence of consolidated and credible data. In addition, a 
large portion of the market for small-scale renewable systems is 
paid in cash, and such sales are not tracked, making it difficult 
to detail the progress of renewable energy in remote and off-
grid areas in all countries. Data are available, however, for many 
individual programmes and countries. This section seeks to 

update the status of the rural renewable energy markets based 
on information obtained from a large network of experts. 

■■ RURAL RENEWABLE ENERGY TEchNoLoGiEs
The year 2012 saw continued innovation in the application 
of rural renewable energy technologies and, as a result, 
improved access to modern energy services through the use 
of renewables. In isolated regions, renewable technologies 
became more popular for electricity generation as their afford-
ability improved, as knowledge about local renewable energy 
resources increased, and as technological applications became 
more sophisticated. 

Technological progress also advanced the rural heating and 
cooking sectors, while programmes to educate rural popula-
tions about the benefits of clean cooking solutions and other 
modern energy services solutions continued to gain popularity.4 
In addition, there was a continuation of programmes that focus 
on local training for repair and maintenance of small renewable 
energy systems, which is important because service costs in 
remote areas and islands are often prohibitive.5 

PV prices continued their downward trajectory, rendering even 
relatively small installations more affordable. Falling prices, 
efficient LED lamps, and battery improvements have combined 
to provide accessible, lightweight, reliable, and long-lived solar 
lanterns that can meet the basic needs of many people, usually 
at lower cost than conventional kerosene-based alternatives.6 
Solar pico-PV systems (SPS), which range up to 10 watts and 
can be easily self-installed and used, are now commonly avail-
able in a broad range of capacities. They can be put to a variety 
of uses, such as powering off-grid medical clinics, as is done in 
several remote parts of sub-Saharan Africa.7 

Slightly larger solar home systems (SHS)—solar PV systems 
generally ranging from 10 to 200 watts—are increasingly being 
installed in rural areas where small grids are infeasible. In 
Bangladesh, for example, more than 2.1 million systems had 
been deployed by March 2013. This development is changing 
the energy-access dynamic in Bangladesh and turning rural 
villages into thriving centres of commerce.8

Small-scale wind turbines, typically up to 50 kW, have expe-
rienced performance improvements due to the advanced 
wireless technologies and materials that have come into play. 
Small- and medium-scale wind turbines are becoming increas-
ingly competitive and are easy to integrate into existing grids. 
In Egypt, Ethiopia, Kenya, Lesotho, Madagascar, and Morocco, 
plans are under way to add wind to existing mini-grid systems.9 
(See Sidebar 8.) Even in areas with limited infrastructure, 
medium-scale wind systems in increasing numbers are being 
transported, installed, and maintained, with generation costs as 
low as USD 0.10/kWh in 2012.10 ©
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Micro-hydro power generation schemes as small as 1 kW 
are used extensively in remote and rural areas. Geothermal 
energy is becoming increasingly popular where resources 
are available. It is highly competitive for electricity generation 
in countries with readily accessible high-temperature steam 
resources; for heat production from low-temperature sources; 
and for cascading heat i from higher temperature applications.11 

Small-scale electricity installations are not yet competitive, but 
a few countries, including Ecuador and Kenya, have increased 
R&D funding in an effort to reduce costs.12 

Solar thermal technologies are mature, reliable, accessible, and 
economically competitive, and they offer enormous potential 
for heating and cooling for residential and commercial needs 
as well as industrial processes. They are used widely for water 

sidEBAR 8. iNNovATiNG ENERGY sYsTEms: miNi-GRid PoLicY TooLkiT

Mini-grids are power solutions for isolated sites, such as islands 
and towns in remote mountainous or forested areas, where 
the grid cannot easily reach and where “stand-alone” power 
systems are not technically or economically viable. They are 
different from stand-alone solar PV or wind systems because 
they are larger in capacity (up to 1 MW), serve entire communi-
ties through distribution networks (instead of individual sites), 
and often incorporate a number of technologies (i.e., hybrid 
generator-wind-PV systems). They are expandable and can be 
managed by community groups or small businesses. When the 
national grid does reach an area, they can be connected to it. 

There are several types of mini-grids. For example:

■◼ Inverter-connected mini-grids incorporate a variety of 
technologies (solar PV, wind, diesel, battery banks) and 
range in size from 2 kW to over 300 kW. This is a rapidly 
developing field. 

■◼ Hydro/pico-hydro mini-grids are mature technologies used 
by remote missions, tea factories, and small communities.

■◼ Gas-fired generator mini-grids powered by agricultural waste 
or biogas are maturing technologies, often used commer-
cially by sugar and timber industries.

■◼ Diesel-powered mini-grids were, until recently, the most 
common option. Cost and environmental concerns, 
however, have forced project developers to reconsider diesel 
generation as a “first” solution.

Attention to mini-grids has risen for a variety of reasons. 
Extending national power grids to remote communities is 
expensive, and electricity demand in rural areas may prove 
too low to cover such costs. While petroleum-based generator 
costs are increasing, mini-grid costs have fallen dramatically 
with price reductions in solar, wind, inverter, gasification, and 
metering technologies. Today, “intelligent” community mini-
grids can automatically measure power use, bill customers, and 
provide management data online to system operators. Further, 
the demand for efficient, low-carbon technologies is at an all-
time high, and rural electrification programmes are increasingly 
demanding green solutions.

For mini-grids to make sense, there usually must be potential 
for economic activity in the target community or some type of 
anchor load that can cover investment costs (these include 
telecom base stations, agricultural processing, and battery 
charging). There also must be a minimum population density 
and power demand from consumers; otherwise, stand-alone PV 
or generator systems tend to be better choices.

Mini-grids have been in use as long as hydro and diesel power 
generation technologies have been available. Hydro-based 
community mini-grids are common in Asia; in Africa, they were 
more widespread before the 1960s, when the focus shifted 
to large power-grid projects. Diesel mini-grids remain a “first” 
choice for isolated community electrification all over Africa. 
Recently, countries like Rwanda and Uganda have adopted 
strong small-scale hydro programmes. Island or remotely 
located sugar and lumber plantations often run biomass-waste 
mini-grid systems for operations and employee housing. Since 
2005, use of solar PV/battery and inverter technology in remote 
communities has increased rapidly: for example, scores of solar 
mini-grids have been installed in West Africa by rural energy 
agencies.

Still, important barriers to wider use remain. First, poor under-
standing of mini-grid technology and a lack of experience with 
business models often causes decision makers to select more 
“traditional” solutions rather than “risky” un-proven solutions. 
Second, both unrealistic grid extension plans and a general 
unwillingness to invest off-grid stifle more appropriate invest-
ments in mini-grids. Third, the large upfront costs associated 
with mini-grid solutions, combined with business-as-usual 
support for diesel fuel, reduce investment in new solutions.

The “Mini-Grid Policy Toolkit” project1 is increasing awareness 
of the potential offered by mini-grids, resolving common 
misperceptions, presenting lessons learned, and providing 
recommendations for senior policymakers and their advisors 
towards an increased adoption of renewable- and hybrid-based 
mini-grids into energy planning and policy. 

The “Innovating Energy Systems” sidebar is a regular feature 
of the Global Status Report that focuses on advances in energy 
systems related to renewable energy integration and system 
transformation.

1 The project is overseen by the Alliance for Rural Electrification (ARE), Energy Initiative Partnership Dialogue Facility (EUEI PDF), and REN21, and is being 
produced by African Solar Designs and MARGE.
Source: See Endnote 9 for this section.

i  Cascading heat is a process by which heat surplus from a higher temperature process is used to perform successive tasks requiring lower and lower 
temperatures.
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heating, particularly in rural and urban China, but they have yet 
to reach their full potential in other developing countries.13 

Solid biomass applications for drying and curing continue to 
increase in number, as do biogas plants, which are used widely 
for rural electrification and cooking. Biogas plants are based on 
simple technology and continue to increase in number where 
households and commercial farms have access to sufficient 
animal manure for fuel.14 High upfront capital costs of larger 
plants, however, as well as operation and maintenance require-
ments and the lack of familiarity with biogas systems, have 
slowed their uptake in poor, rural areas. Even so, approximately 
48 million domestic biogas plants have been installed since the 
end of 2011 for rural electrification, with the vast majority of 
these in China (42.8 million) and India (4.4 million), and smaller 
numbers in Cambodia and Myanmar.15 

Ethanol can also be used as a cooking fuel instead of traditional 
solid biomass and charcoal. In Mozambique, an ethanol plant 
with production capacity of almost 2 million litres per year 
opened in early 2012. The company buys surplus cassava 
feedstock from about 3,000 local farmers and sells the ethanol 
fuel and clean cooking stoves at prices that are competitive 
with the local retail price of charcoal.16 

■■ PoLiciEs ANd REGULAToRY FRAmEWoRks
Policies that promote renewable energy and address barriers to 
their use have played a critical role in accelerating deployment 
and attracting investment to this sector, with countries applying 
a range of formal strategies aimed at promoting renewable 
solutions to the challenges of energy access.17 These initiatives 
are integrated increasingly into broader rural development 
plans, with a focus on pro-poor policies and frameworks that 
are broad-based, attract new investment in energy access, and 
support local participation in developing and managing energy 
systems.

In many countries, greater political commitment is providing 
impetus to more integrated policy foundations, driving more 
decisive action, and opening up substantial public resources 
in both the medium and long terms. Policymakers are also 
benefiting from decades of past experience, both good and 
bad, building programmes that are more sensitive to the social 
and economic realities of their respective settings. Top-down 
approaches, such as those adopted by rural electrification 
agencies in sub-Saharan Africa in the late 1990s, are making 
way for enabling policy frameworks developed through bottom-
up (endogenous) processes. 

China, Brazil, India, and South Africa are in the lead, developing 
large-scale programmes that are making significant inroads 
into addressing the dual challenges of energy access and 
sustainability. Progress is also evident in Costa Rica and the 
Philippines, where rural electrification cooperatives have been 
adopted to oversee the overall planning and implementation 
of off-grid electrification programmes. Argentina, Bangladesh, 
Kenya, Mali, Mexico, and Sri Lanka are encouraging off-grid 
renewable energy programmes, often with a blend of public 
and private sector resources, while many countries continue 
to benefit from international assistance. For example, the 
EnDev programme (supported by Australia, Germany, the 
Netherlands, Norway, Switzerland, and the United Kingdom) 

has provided 9 million people with access to modern energy 
services in Benin, Bolivia, Burkina Faso, Burundi, Indonesia, 
Nepal, Nicaragua, and Peru.18

Formal targets remain a fundamental building block of these 
initiatives. Countries with electrification targets include 
Bangladesh, Botswana, Ethiopia, Malawi, the Marshall Islands, 
Nepal, Rwanda, South Africa, Tanzania, and Zambia.19 (See 
Reference Table R17.) Several countries, including Brazil and 
China, established new energy-access targets in 2012, with 
specific resource allocations and monitoring systems being set 
up to achieve them. 

The Economic Community of West African States (ECOWAS) 
plans to provide electrification to up to 78 million households by 
2030, largely through mini-grids.20 In October 2012, ECOWAS 
also adopted a regional renewable energy policy that aims to 
serve 25% of the rural population with decentralised renewable 
energy systems.21 These initiatives aim to directly tackle the 
challenge of energy access in West Africa, where more than 
170 million people lack access to electricity.22 

Many programmes focus on the rollout of specific technologies 
such as solar home systems. India’s Rural Electricity Policy 
envisions off-grid solutions based on stand-alone systems for 
villages/habitations where grid connectivity may not be feasible 
or cost effective, and on the adoption of isolated lighting 
technologies incorporating solar PV where neither stand-alone 
systems nor grid connectivity are viable. In Bangladesh, the 
Rural Electrification and Renewable Energy Development 
Project is currently installing some 1,000 solar home systems 
per day. This project is operated by an institutional partnership 
between the Bangladesh Infrastructure Development Company 
(IDCOL) and about 40 NGOs.23

Significant investment is and will be needed to maintain these 
and other programmes, and to achieve ambitious electrification 
targets. The United Nations General Assembly’s “Energy 
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Access for All” objective of universal access to modern energy 
by 2030 will require an annual investment of an estimated USD 
36–41 billion.24 

The contribution of renewable energy technologies to the 
development of productive activities can significantly improve 
financial viability and sustainability of these investments, and 
large-scale off-grid renewable energy programmes have suc-
ceeded in addressing the initial capital costs barrier through a 
variety of financing instruments.25 Often, subsidies are applied 
to incentivise operators to adopt renewable energy technolo-
gies while developing electrification schemes in remote com-
munities. This buy-down of initial capital costs has facilitated 
the pace of deployment of renewable energy systems over the 
last decade.

Approaches vary by region. In Bangladesh, financing incentives 
include long-term loans; grants covering up to one-third of the 
capital costs; low-interest loans; and grace periods of about 
five years.26 In the cases of Mali, Senegal, and Uganda, rural 
electrification funds subsidised up to 80% of the upfront capital 
costs, allowing energy service companies to engage in rural 
electrification schemes using renewable energy technologies.27 

In many areas, the application of locally sourced funding is 
being used as a tool to achieve greater long-term financial 
sustainability. Several countries, including Uganda and Malawi, 
established support policies in 2012 to facilitate the mobilisa-
tion of local indigenous funds to contribute to closing the fund-
ing gap. These policies aim to allocate funding and resources 
to create local capacities, and promote energy literacy in order 
to ensure effective involvement of local people in the energy 
planning and decision-making processes.

The promotion of local funding is rooted in past programme 
experiences, where a lack of substantial and inherent local 
engagement left many programmes detached from the needs 
and characteristics of targeted communities. This falls against 
a backdrop of disappointing evidence about the contribution of 
small-scale, subsidised projects to the growth of energy access.

■■ iNdUsTRY TRENds ANd BUsiNEss modELs
The provision of energy services to rural markets has evolved 
over the last two decades from the centralised, public sector-
led approach to a range of different types of public-private 
partnerships and private ventures in which renewables now 
play a key role. With the increasing recognition that low-income 
customers can provide fast-growing markets for goods and 
services—as in the mobile phone industry—and with the 
emergence of new models for serving them, rural energy 
markets are increasingly being recognised as potential business 
opportunities.28 

Rural electrification programmes funded exclusively by 
government and donor resources are still being adopted 
across the developing world, especially for grid extension in 

both vertically integrated and liberalised markets. But com-
mercial and quasi-commercial business models are starting 
to become mainstream options for providing a wider range of 
energy services to off-grid markets.29 Promisingly, innovative 
multi-stakeholder business models are emerging continuously 
to provide customised and financially sustainable services 
based on renewable energy across the spectrum of rural energy 
needs.

Laos, Lesotho, and Nepal are implementing projects under 
an emerging model dubbed as the pro-poor public-private 
partnership (5P). The 5P model aims to improve access to 
energy services for rural populations; enhance awareness of 
policymakers; build capacity at the national and local levels to 
develop policy options for integrating energy and rural develop-
ment policies; and create an environment conducive to private 
sector and entrepreneurial investment for value creation that 
can be sustained and increased in the future.30

This variety of business models has been driven by the conver-
gence of several trends. These include increased technology 
innovation and reduced prices (in both small-scale power 
generation equipment and devices); rising and more-volatile 
fossil and cooking fuel prices; growing awareness of the energy 
access challenge; and donor preference for cleaner, modern 
technologies.31 At the same time, the rise of social entrepre-
neurship and “impact investment” is helping to shape the 
structure of innovative ventures in rural markets by integrating 
lessons from past experiences, including the importance of 
after-sale activities, availability of micro financing, and the 
creation of an enabling business environment.32 

Over the past two decades, the so-called dealer and fee-for-
service models have been the primary means for commercial 
dissemination of solar PV to serve household and small 
business electricity needs. Both models rely on concessions 
or exclusivity rights to serve a specific area or territory, and 
they often rely on targeted subsidies (e.g., full or partial capital 
cost subsidies). Over time, these schemes have evolved to 
include different types of public-private partnerships that 
have developed to meet the requirements of specific business 
environments. For example, Bolivia’s programme is based on 
medium-term service contracts with output-based aidi, and 
combines the dealer model with the traditional energy supply 
company concession scheme. It has an exclusivity term of only 
2–5 years and offers a broad menu of ownership options.33

Other models include leasing arrangements. Soluz is providing 
SHS services via direct lease or lease-to-own arrangements 
in Honduras and the Dominican Republic.34 The most notable 
public-private partnership projects—for the volume of SHSs 
and solar kits delivered—are active in Argentina, Bangladesh, 
China, India, Indonesia, Mongolia, and Vietnam.35 They are 
carried out jointly by national governments in partnership with 
major donor bodies like the World Bank, and focus on replacing 
lanterns and diesel generators with portable, sustainable, and 
affordable alternatives.36

i Output-based aid refers to performance-based subsidies to support the delivery of basic energy services; payment of public funds is tied to the actual delivery 
of these services.
ii A mini-utility operates as an electricity company, but on a smaller scale, running mini-grid systems that can stand alone to serve a small community, and that 
may or may not be connected to the national grid. Mini-utilities are a common business model for rural electrification in many developing countries. They are 
either lighting-focused or provide total electrification, and they rely on a range of technologies, including diesel generators or hydropower as well as biomass, 
solar PV and other renewables. Mini-utilities generally handle the full value chain from fuel sourcing to development and maintenance of distribution infrastruc-
ture, to billing and revenue collection; they are often regulated, much like their larger counterparts.
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In general, mini-utilityii business models require complex 
planning and management skills and are strongly dependent on 
load volume, availability of a reliable low-cost primary energy 
source, customer affordability, and robust regulatory frame-
works. Notwithstanding, there are many examples of private 
firms running successful and innovative mini-utilities with 
renewable energy.37 

The following sections provide an overview of rural energy 
developments and trends by region, updated from the GSR 
2012. Africa, particularly sub-Saharan Africa, has by far the 
lowest rates of access to modern energy services, while Asia 
presents significant gaps among countries, and the rate of 
energy access in Latin America is comparatively high. (See 
Reference Table R17.)

A growing number of developing countries are transitioning 
to clean and sustainable cooking technologies and fuels, and 
away from the traditional practice of cooking over smoky open 
fires, driven by considerable health and climate co-benefits of 
using clean cookstoves and fuels. Yet in sub-Saharan Africa, 
more than 650 million people—about 76% of the region’s 
inhabitants—rely on traditional biomass for heating and cook-
ing.38 The shares of population relying on traditional biomass for 
heating and cooking in Asia and Latin America are significantly 
lower by comparison. (See Reference Table R18.)

■■ AFRicA: REGioNAL sTATUs AssEssmENT 
Despite efforts to promote electrification in sub-Saharan Africa, 
the region has the lowest electrification rate in the world. An 
estimated 70% of the region’s population does not have access 
to electricity.39

The ECOWAS member countriesi plan rural energy advance-
ment programmes collaboratively through their Centre for 
Renewable Energy and Energy Efficiency (ECREEE). This is one 
of the most active regions in Africa for the promotion of renew-
able energy and energy efficiency. ECREEE develops regional 
policy guidelines that are subsequently applied in ECOWAS 
member states, and has several strategic agreements with 
various international organisations (e.g., IRENA, UNIDO, FAO) to 
improve rural energy access and energy efficiency. In October 

2012, ECOWAS countries adopted a target for renewables to 
make up 10% of the region’s electricity mix by 2020 and 19% by 
2030. As part of this target, the region aims to serve 25% of the 
rural population with off-grid electricity systems by 2020.40 

Across the ECOWAS region, renewable energy micro-grids, 
which are smaller than mini-grids in scale but able to service 
multiple homes or a small business enterprise, are increasingly 
viewed as options for providing electricity to people in isolated 
areas. During 2012, several regional and international organ-
isations—including ECREEE, Lighting Africa, and IRENA—
worked to promote micro-grid projects through dissemination 
workshops.41 

Encouraged by developments in the ECOWAS region, countries 
and regions elsewhere on the continent plan to emulate its 
programmes. In 2012, the energy ministers of the Southern 
African Development Community (SADC) and the East 
African Community (EAC) formally agreed to establish similar 
regional renewable energy and energy efficiency promotion 
programmes.42

Rural electrification rates in North Africa remain the highest 
on the continent. With the exception of Sudan, all countries in 
the Maghreb region are implementing “last mile” electrification 
programmes.43 With support from the Regional Center for 
Renewable Energy and Energy Efficiency (RCREEE), Sudan 
announced a national energy efficiency action plan in 2012 
that includes building seven large-scale wind, solar, and 
biomass plants. In consultation with stakeholders, Sudan is 
currently designing and implementing an integrated renewable 
energy programme to advance domestic renewable energy 
deployment and is establishing the necessary regulatory and 
administrative frameworks to encourage public and private 
investment.44

Under the framework of its “Global Rural Electrification 
Program,” Morocco electrified 3,663 villages (51,559 house-
holds) with off-grid systems and mini-grids. Renewable energy, 
particularly solar PV, played a significant role in increasing 
energy access for households in very remote areas.45 

Also in 2012, Ghana announced a pilot programme to replace 
kerosene lanterns with solar lanterns in remote off-grid 
communities in order to reduce the national kerosene subsidy. 
The annual budget for the kerosene subsidy was equivalent to 
the cost of providing over 400,000 solar lanterns to poor rural 
households; the subsidy has now been partially scaled back. 
Studies to electrify island and rural communities in the Greater 
Accra, Volta, and Brong Ahafo regions were completed in 2012, 
and a mini-grid electrification programme was initiated.46 

Mali’s rural electrification programme has brought electricity  
to 740,000 people in the last six years, primarily (98%)  
with off-grid systems, thereby increasing the share of people 
with electricity access in rural areas from 1% to nearly 17%. 
While currently only 3% of the electricity is derived from  
renewables, the share of renewables in the mix is set to rise  
to 10% by 2015.47

i Benin, Burkina Faso, Cape Verde, Côte d’Ivoire, Gambia, Ghana, Guinea, Guinea Bissau, Liberia, Mali, Niger, Nigeria, Senegal, Sierra Leone, and Togo.
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Mozambique also has increased access through off-grid solar 
PV; the 0.5 MW of capacity added between 2010 and the end 
of 2012 brought the national total to 1.3 MW. An estimated USD 
13 million was invested in solar power by the energy fund Fundo 
de Energia (FUNAE) in 2012 alone, contributing significantly to 
the increase in capacity. FUNAE planned to implement eight 
micro-hydro projects in 2013, and has earmarked USD 8 million 
to promote the development of renewable energy mini-grids.48 

The programme “Increase Rural Energy Access in Rwanda 
through Public-Private Partnerships,” co-financed by the 
Rwandan national government and the European Union, 
involves electrifying rural areas primarily through hydro- and 
geothermal power.49 The aim is to increase the share of 
Rwandans with electricity access from 6% in 2009 to 50% by 
2017.50 Under this programme, Spanish-based Isofoton made 
the winning bid in 2010 for a project to supply, install, and 
maintain solar PV systems at 300 schools across the country.51 

Tanzania saw construction of several grid-connected small-
scale renewable power plants during 2012, as a consequence 
of the newly established Small Power Producer (SPP) 
Framework; at year’s end, the country had a pipeline of 60 proj-
ects totaling more than 130 MW, enough to bring power to more 
than 12 villages.52 Also in 2012, Zimbabwe earmarked USD 1.5 
million for solar lanterns to be distributed in rural schools across 
the country, while the country’s Rural Electrification Authority 
(REA) worked with local industries to develop solar lamps and 
create solar power jobs.53

In Uganda, the World Bank concluded the Uganda Accelerated 
Rural Electrification Plan (UAREP) and was awaiting govern-
ment approval at year’s end. By the end of 2012, the govern-
ment along with donor bodies had installed several mini-grids 
and thousands of isolated systems, including systems powered 
by hydropower, biomass, geothermal, solar, and wind. In addi-
tion, a collective fund that combines different types of financing 
was created in 2012 to accelerate grid extension in Uganda.54

■■ AsiA: REGioNAL sTATUs AssEssmENT
Both China and India have made major national investments in 
renewable energy in recent years, and they have seen signifi-
cant progress in extending energy access through decentral-
ised solutions.55 Elsewhere in the region, progress has been 
mixed. While several other countries—including Mongolia, 
Nepal, and Vietnam—have made measurable progress, 
Afghanistan, Bangladesh, Myanmar, and Pakistan continue to 
experience very low rates of rural electrification and still rely 
largely on traditional biomass for cooking and heating.56

Although China and India are neighbours and are the two 
largest emerging economies in the world, their energy access 
situations are strikingly different. With more than 1.3 billion 
people, China has made extraordinary investments to meet 
its growing energy needs. The result has been significant 
increases in access to grid-connected electricity, although an 
estimated 4 million Chinese in rural areas still lack access to 
modern energy sources.57 India, in contrast, has a long way to 
go: more than 290 million people (25% of the population) lack 
access to electricity, and 66% of Indians continue to rely on 
traditional biomass as their primary source of energy despite 
the progress made in recent years.58

India announced in mid-2012 a goal to achieve universal access 
to electricity by 2017. Under the “Remote Village Electrification 
Programme,” renewable energy systems were provided to 905 
villages/hamlets over the 10 months leading to February 2012, 
far more than the targeted 500 villages/hamlets.59 At the state 
level, Chhattisgarh, initiated two schemes to replace the use of 
kerosene lamps with solar PV systems.60 

In October 2012, China’s State Council officially released its 
second energy policy-related white paper since 1991, which 
reflected the increased importance of renewable energy in the 
context of rural development. China is investing in technical 
upgrades of the existing grid infrastructure in rural areas to 
achieve 100% access to electricity by 2015. To address energy 
supply shortfalls in rural areas and to advance the phaseout 
of burning traditional wood fuels, old hydropower stations are 
being refurbished and deployment of small-scale hydropower 
and solar water heaters is being promoted.61

Sri Lanka announced in 2012 that it had achieved its target 
of providing electricity for all people in the Eastern Province 
after the commissioning of six off-grid and nine grid-extension 
projects in Kantale, Padhaviya-Sripura, and Seruwila. The 
aim is to bring reliable electricity services to un-electrified or 
under-electrified remote areas of the country that are covered 
by the National Power Corporation’s (Napocor) Small Power 
Utilities Group.62 

Although the focus in Asia is primarily on increasing access to 
electricity, there are a number of programmes and projects to 
address the heavy reliance on traditional biomass for cooking 
throughout the region, by providing access to clean cookstoves 
and alternative fuels, particularly biogas. In 2012, India 
launched its “National Cookstove Programme,” which aims to 
avoid 17% of the premature deaths and disabilities associated 
with traditional biomass emissions that would otherwise occur 
by 2020.63 In Bangladesh, a World Bank-financed programme 
will support NGO efforts to provide rural households with 
clean cooking solutions through the dissemination of 1 million 
cookstoves and 20,000 biogas units.64
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■■ LATiN AmERicA: REGioNAL sTATUs AssEssmENT

Compared with other developing regions of the world, Latin 
America is far closer to achieving full energy access, particu-
larly to electricity. Across Latin America, an estimated 6% of 
the population (29 million people) remains without access 
to electricity, and about 14% (65 million people) depends on 
traditional biomass for heating and cooking.65 Lack of access is 
primarily a rural issue, with 28% of the rural population lacking 
electricity, whereas in urban areas the share is about 1%.66 

Due to geographical limitations, the only viable solution for most 
of the region’s population living in isolated areas is the installa-
tion of off-grid renewable technologies. Because systems are 
generally installed by companies not based in these isolated 
areas, education and training programmes have been essential 
for developing local expertise and for training technicians to 
operate and maintain these systems. L’Institut Technique de 
la Côte-Sud (ITCS) in southern Haiti is one example of such a 
programme.67

Mexico has created several programmes to advance rural 
energy access through renewable energy and has made signifi-
cant progress, achieving an overall electrification rate of nearly 
98%. Even so, some 130,000 small communities remained 
without access to electricity by the end of 2012.68 In the rural 
areas of southern Mexico, some 3.5 million people still lack 
access because they are very far from the grid, communities 
are very small, and economic resources are limited.69 

To help advance energy access, the Mexican State Power 
Company started operating its first off-grid solar PV plant in 
2012—the 65.5 kWp plant in the Sonoran town of Guaycora—
which is the first of its kind in the country and is expected to 
provide electricity for more than 50 homes.70 In addition, the 
Mexico Renewable Energy for Agriculture Project, financed by 
the World Bank and the Global Environment Facility, focuses 
on the deployment of renewable technologies for agricultural 
productive purposes. As of 2012, the project supported about 
600 undertakings.71

Electricity coverage in Peru’s rural areas increased from 30% 
in 2007 to 55% by late 2010. In early 2012, the government 
further extended the grid to reach a total of 92,000 households, 
with greater inclusion of renewable technologies to provide 
electricity to micro and small rural enterprises.72 In Nicaragua, 
between 2007 and 2011, five new mini hydro plants and 20 

micro turbines were added to provide more than 57,000 house-
holds with electricity services, and more than 6,900 individual 
household solar panels were installed in isolated areas.73

While the region has made important advances in renewable 
rural electrification, developments in the heating and cooking 
sector are relatively limited. In Mexico, for example, about one-
quarter of the total population still cooks on open fires or with 
old, inefficient cookstoves.74 To address this situation in Mexico 
and other countries in the region, a number of programmes 
have been implemented at both national and regional levels. 

Mexico and Peru have ongoing large-scale programmes to 
disseminate improved cookstoves, with the aim of reaching 1 
million units each, and Bolivia also is promoting their use.75 A 
group of Central American countriesi with common policies has 
also committed to disseminating 1 million improved cookstoves 
in each country by 2020; strategies include social marketing, 
micro-financing, awareness-raising campaigns, and real-time 
monitoring of stove use.76 Central American and Caribbean 
countries—including Guatemala, Honduras, and Nicaragua—
are also relying increasingly on carbon markets to finance 
cookstove projects.77 

The need for rural energy in developing countries is, above all, a 
social and economic development matter for billions of people 
around the world. Renewable energy technologies, combined 
with business models adapted to specific countries or regions, 
have proven to be both reliable and affordable means for 
achieving access to modern energy services. And they are 
only growing more so as technological advances and rapidly 
falling prices (particularly for solar PV and wind power) enable 
renewables to spread to new markets.78 

In addition to a focus on technologies and systems, most 
developing countries have started to identify and implement 
programmes and policies to improve the ongoing operational 
structures that govern rural energy markets. Such develop-
ments are increasing the attractiveness of rural energy markets 
for potential investors and leading to poverty alleviation and 
economic development. 

Renewable energy has the potential to play a crucial role in 
achieving the target of energy access for all by 2030, while also 
creating millions of local jobs.79 These targets can be achieved 
if institutional, financial, legal, and regulatory mechanisms are 
established and strengthened to support renewable energy 
deployment, improve access to financing, develop the neces-
sary infrastructure, build awareness about renewable energy 
technologies and their potential, and train workers.80

i These countries include Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, and Panama.
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A reservoir serving a hydropower fa-
cility near the town of Mingachevir 
in northwestern Azerbaijan. Flexible 
plants such as hydro and bio-power 
facilities can respond rapidly to 
system fluctuations, supporting in-
creasingly higher shares of variable 
solar and wind power.
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Renewable energy is growing rapidly and is likely to become 
the backbone of a secure and sustainable energy supply in an 
increasing number of developed and developing countries. 
Variable renewables such as wind and solar are growing partic-
ularly quickly in the electricity sector. Hydropower, geothermal, 
and biomass energy are being integrated into existing energy 
systems and markets in a growing number of countries, as fossil 
fuel and nuclear capacity is replaced with renewable-based 
technologies, and as supply chains are adapted. By contrast, 
integrating large shares of variable wind and solar requires that 
the energy mix and infrastructure become increasingly flexible 
and, where feasible, interconnected.1  A number of countries 
are aiming beyond mere integration of renewable energy by 
enacting policies and measures to transform their energy 
systems to accommodate rising shares of variable renewables.

For countries and regions planning to achieve very high sharesi  
of wind and solar, system transformation is the most efficient 
and least costly way to do so. “System transformation” is 
defined as the process of adapting the energy system by replac-
ing traditional baseload power from coal-fired and nuclear 
power plants with a flexibility-driven system that enables 
significant increases in shares of variable renewables. It entails 
shifting from a system that is relatively rigid and centralised 
to one that is more nimble and decentralised. Producers, 
consumers, grid operators, and other actors will play greater 
roles in optimising supply and demand, in part through the use 
of information technologies (sometimes called “smart grids”), 
and also through increased interconnection of all energy sec-
tors—power, heating and cooling, and transport.

The earliest and biggest challenges have to be met within the 
electricity sector, where relatively inflexible, conventional power 
plants and grid systems must, over time, be integrated with 
intelligent, flexibility-driven systems to support rising shares of 
a mix of variable and dispatchable renewable energy. Excess 
electricity can be used increasingly for transportation, heating, 
and cooling. Therefore, although transformation will require a 
change in the energy system as a whole, transformation of the 
electricity system is both feasible and most urgent. 

■■ Shifting ParadigmS: from integrating  
renewableS to SyStem tranSformation
For many years, it was believed that renewable energy 
technologies (other than large hydro) could only supplement the 
established electricity system and that there was an inherent 
limit on the share of variable renewable sources that it could 
accommodate.ii  Experience in Denmark, Germany, Spain, and 
elsewhere, however, has demonstrated that the implementation 
of suitable policies can enable the successful integration of 
higher shares of variable renewables than was thought possible 
only a few years ago, while also providing unforeseen benefits.2   
Most of the alleged constraints to achieving higher shares of 
renewables either have resulted from a lack of political will to 
enact the required enabling legislation and actions, or they 
have been disproven as technical solutions to overcome the 
various challenges have emerged. Hence, variable renewables 
are becoming a major part (meaning around 15–20% or more) 
of the electricity supply in an increasing number of countries.3  

It is now evident that a mix of variable and dispatchable 
renewables can provide a stable and reliable electricity supply.4  
As installed capacities of renewables increase, a portfolio of dif-
ferent renewable technologies can often cover the major part of 
the power demand and, where inter-connected to other grids, 
can provide a surplus to export. They can provide electricity 
around the clock and throughout the year at reasonable costs, 
if the grid system and the regulatory framework are flexible and 
operated smartly. Further, it has been shown that renewables 
can reduce electricity prices considerably and thus alleviate 
energy costs for consumers.iii 5   

Rising shares of variable renewable energy sources have trig-
gered discussions about potential risks for system stability, the 
need for back-up capacities, and limitations of existing market 
designs that may no longer be able to provide adequate signals 
for needed future investment in power plants and infrastruc-
ture.6  These discussions began in countries and regions 
where wind power shares of the total electricity mix exceeded 
15% (e.g., Denmark, northern Germany, northern Spain, 
South Australia). The debate is expanding to other regions 
and technologies with, for example, high shares of solar PV 
emerging in Spain, Italy, and increasingly throughout Germany. 
Although the present debate focuses on these OECD countries, 
it will soon become relevant for other countries (including 
major emerging economies) as their shares of wind and solar 

06 feature:   
 SyStem tranSformation

i - There is no specific percentage that applies. In a very inflexible system, the need for transformation may start at a level of 10%, whereas in other, more 
flexible, systems—including those with high existing shares of large hydropower—it may start well beyond 20 or 30%.
ii - This apprehension and doubt was less evident and less widely accepted in countries with high shares of hydropower, a resource that is quickly 
dispatchable and can serve as balancing power.
iii -  This is a consequence of the merit order effect. Due to very low marginal costs of wind and solar power generation, all other power plants are pushed 
out of the merit order so that their full-load hours and resulting capacity factor decrease constantly. In addition, prices per kWh tend to be very low in 
times of high wind and solar yields.

By Rainer Hinrichs-Rahlwes (German Renewable Energies Federation – BEE; European Renewable Energy Council – EREC)
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electricity generation increase. 

More interaction among the sectors could help improve overall 
system efficiency, increase system stability and security of sup-
ply, and would be more cost effective. Thus, it could conceiv-
ably facilitate the transition towards an energy supply based on 
very high shares of renewable energy. In conventional energy 
systems, the interaction among the electricity, heating, cooling, 
and transport sectors is minimal, although in many markets 
electricity demand is closely linked to heating and cooling 
demand for buildings. Liquid and solid fuels and electricity 
are sourced, traded, and used through different channels. 
Infrastructure and markets are technically different, and are 
operated and maintained by different actors and under different 
technical and economic regulations. To address this situation, 
some countries have begun to integrate sectors using a variety 
of strategies discussed below.

Some industrialised countries (for example, Denmark and 
Germany) have decided to base their electricity supply and/
or final energy supply predominantly on variable renewables.7  
They are moving their electricity supply away from systems 
based on traditional (relatively inflexible) base load that is 
complemented by marginal cost-driven balancing power to 
more flexible systems that are driven by and designed for 
variable renewables.

■■ the technology challenge
Electricity generation must closely balance demand at all 
times. Most of the electricity in conventional power systems 
is produced by baseload power plants, which are available 
24 hours a day, all year round. Additional generation above 
base load, anticipated to meet increased demand as the daily 
profile changes, is sourced from dispatchable intermediate 
cycling plants (those between peaking and baseload plants). 
Peak-load is met by flexible plants that can vary their output 
within minutes or even seconds, such as gas turbines running 
on natural gas or biogas and hydropower, particularly dammed 
or pumped storage hydro systems. As the share of variable 
renewables increases in the resource mix, a system will need 
more plants that are optimised for providing rapid responses to 
system fluctuations. 

For reasons of grid stability, particularly for frequency control, 
only limited variations in electricity supply (not following 
demand) can be tolerated. Excess power production must be 
limited by reducing electricity generation, disconnecting capac-
ity from the grid, or shifting demand loads. 

Most existing grids were designed, built, and equipped to 
deliver power from large-scale conventional baseload power 
plants using intermediate cycling plants and additional peak-
power plants when needed. High-voltage transmission lines, 
combined with lower-voltage distribution networks, deliver 
electricity from large centralised power plants to dispersed con-
sumers. The power grid in its present form was not designed to 
take power fed in from numerous decentralised generators of 
varying sizes and grid levels. Thus, as more distributed genera-
tion comes in from small-scale renewable energy systems, 
existing grids often need to be upgraded to accommodate the 
shift in transmission loads and to help guarantee stable and 
reliable power flow wherever and whenever needed. 

A variety of solutions are already in use or are being evaluated, 
particularly in Europe, for enabling/facilitating significant 
increases in shares of renewable energy (particularly variable) 
while reducing shares of traditional baseload power. These 
solutions include:

■◾ Using a diverse portfolio of both variable and dispatchable 
renewable power plants (e.g., pumped storage hydro, 
biogas) that are geographically dispersed. Many individual 
renewable power plants can be combined into a virtual 
power plant that consists of various distributed generation 
facilities of different sizes and using different sources, and 
that are operated collectively by a central control entity and 
thus provide power to meet continually changing demand;

■◾ Ramping down flexible plants in periods of excess 
generation;

■◾ Increasing interconnection capacity at all voltage levels 
across regions and between countries. Grid systems are 
becoming interconnected, often across borders, and 
balancing areas are being extended;

■◾ Advancing the quality of forecasting of solar and wind 
resources to improve accuracy of resource predictability;

■◾ Shifting demand through demand-side management (DSM); 

■◾ Shifting demand by directing excess electricity generation to 
other sectors—such as charging electric vehicles, heating 
water, or producing hydrogen;

■◾ Using price signals to shift demand to times when high wind 
and solar availability occurs;

■◾ Locating distributed electricity generation closer to 
consumption, thereby reducing transmission losses and the 
need for transmission capacity;

■◾ Using intelligent grids and smart software that can improve 
grid security by improving real-time information flow 
between the system operator and power plants that are 
technically equipped to deliver flexible system services;

■◾ Using electric vehicles as decentralised flexible storage 
systems with remote charging and discharging capability;

■◾ Integrating storage capacity into the system or with specific 
plants—for example, molten salt thermal storage with CSP 
plants.  Storage technologies, from batteries to pumped 
hydro, are advancing and offer the capacity to store energy 
for periods of a few minutes to several months. This can 
meet a range of needs, from short-term use in electric 
vehicles to seasonal use for balancing weeks of low wind or 
no sun. (See Sidebar 3, GSR 2012.)

All of these technologies exist, but refinement and deployment 
need to be facilitated through clear political decisions and 
the development of enabling frameworks. Several countries 
have begun to implement these options—including Denmark, 
Germany, Spain, and Japan—using smart energy systems and 
increasing the flexibility of demand and supply by developing 
smart grid systems and adequate centralised and decentralised 
storage solutions.
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■■ the economic challenge
Conventional electricity markets are driven mainly by genera-
tion costs per unit of energy. Levelised costs of energy and the 
resulting merit order are the main elements of price building on 
the different market levels (futures, day ahead, intra-day, etc.). 
For thermal power plants, capital costs make up a relatively 
small share of generation costs, whereas (and to a lesser extent 
also for nuclear plants) fuel costs are a major portion of the 
total. Therefore, volatile fuel prices have an important impact 
on the economic viability of a power plant. In contrast, with 
the exception of biomass power plants, renewable power has 
zero fuel costs with the major share of the cost being capital 
invested up front for the technology, project construction, and 
grid connection. 

Consequently, a fundamental difference between most renew-
able energy generation and fossil and nuclear power is the cost 
ratio between capital and operating costs. The marginal costs 
of most renewables (including hydro, geothermal, solar, and 
wind power) are low and often prevail over conventional power 
generation on spot markets, thereby reducing the economic 
viability of marginal cost based generation. 

The result is ambiguous. Where high capacities of wind and 
solar are installed, they can significantly reduce electricity 
prices, with resulting benefits for residential and industrial 
consumers; on the other hand, this effect makes it increasingly 
difficult to recover costs and thus achieve a reasonable (if any) 
return on investment.9  In combination with priority or guaran-
teed grid access for renewable energy, existing conventional 
power plants (in particular those providing peaking power) are 
more often pushed out of the merit order and thus operated 
with decreasing capacity factors and, therefore, reduced 
profitability.10 

As with technology-related challenges, solutions are being 
developed to create sufficient signals for investment in grids 
and in strategic capacity reserves as well as in new and flexible 
power plants. Capacity marketsi, which offer remuneration for 
available capacity instead of for the electricity generated, and 
other flexibility mechanisms are tools to secure (new) capacity 
to meet demand at any time. However, such payments risk 
locking-in conventional thermal capacity, which may be needed 
for only a few years until the transition towards renewables is 
further advanced. Mechanisms that are not well designed could 
result in subsidising environmentally harmful power plants that 
might otherwise be taken off line as stranded assets.

Discussion is ongoing regarding how to best design flexibility-
driven capacity mechanisms—including, but not limited to, capac-
ity markets. Several other options to advance and enable system 
transformation are evolving, however. These include the following:

■◾ All technical and economic aspects of the energy  system 
must be developed around the need to support variable 
renewables;11 

■◾ Incentives and regulations must support the development 
and deployment of improved flexibility options (e.g., grid 
infrastructure, storage capacity, DSM, and highly-flexible 

power plants), rather than supporting capacity alone;12 

■◾ Regulatory frameworks need to enable the participation 
of both dispatchable and variable renewables in balancing 
markets in order to further reduce system costs;

■◾ Reduction in gate closure timesii  (including in intra-day 
trading) can facilitate the inclusion of variable renewables 
in balancing markets. Grid systems that are “smart” and 
diverse, and that cover large balancing areas, can be used in 
combination with properly functioning balancing markets.

■■ SyStem tranSformation haS begun
In developing economies, where power systems are growing 
rapidly and still taking shape, systems can be designed to be 
highly flexible in order to accommodate variable renewables. 
In most OECD countries, however, the optimal way to achieve a 
system based on a high penetration of variable renewables is to 
transform the existing system towards one that is highly flexible. 

Various elements of transformation are already in place in exist-
ing supply systems and energy mixes. Some of these elements 
are mature solutions that help with integration and, on a larger 
scale, can be elements of transformation as well; others are 
being introduced as new options. For example: 

■◾ Solar hot water systems with and without electricity back-up 
are combined with conventional decentralised and district 
heating systems;

■◾ Bio-methane/biogas is injected into natural gas grids, where 
it is used for electricity, heating and cooling and for fuelling 
vehicles;

■◾ Abundant electricity from renewable sources is used for 
heating and for producing hydrogen, or for other applica-
tions that enable energy to be stored for later use;

■◾ Natural gas and biogas and solid biomass are interacting in 
combined heat and power systems;

■◾ Electricity used in public vehicle fleets and private cars with 
the batteries serving as storage and balance for the electric-
ity system is another option that is being explored.

Denmark, which pioneered the use of wind power and CHP 
biomass, achieved a renewable share that exceeded 24% of 
total final energy use in 2012.13  In 2011, more than 40% of 
Denmark’s electricity came from renewables; by the end of 
2012, wind alone contributed more than 30% of the country’s 
electricity consumption.14  Biomass-CHP is a key domestic ele-
ment of balancing power and system stability, while variability 
is balanced further by interconnecting the Danish grid with 
grids of other Scandinavian countries that source electricity 
either mainly from hydropower (Norway) or from hydropower 
and biomass CHP (Sweden). Energienet.dk (ENDK), the state-
owned grid operator for the gas grid and the electricity system, 
is working towards targets of 50% wind power by 2020 and a 
fully renewables-based energy system by 2050.15   

ENDK is developing and implementing new market regulations, 
including demand-side incentives, to cope with increasing 

i - Capacity markets have been used without reference to renewables deployment for a long time in the United States and elsewhere around the world.
ii - Gate closure time describes how long in advance of actual delivery of energy the bids have to be placed. The shorter these times and the closer to real 
time, the easier it is for variable renewables—particularly in larger balancing areas—to participate in these markets, since weather forecasts are more 
accurate.
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shares of wind power and the resulting cost effects. It is 
enhancing and enforcing the power (and gas) grids, setting 
up new transmission lines (some of which are being installed 
underground, particularly at lower voltage levels) to connect 
different parts of Denmark, connecting new offshore wind 
farms, and enhancing connections with neighbouring countries 
including Germany, the Netherlands, and particularly Norway 
and its hydropower resources.16

The Iberian Peninsula lacks sufficient interconnection capacity 
to the north (i.e., France) for the grids of European neighbours 
to help balance variable renewable energy. Only recently has an 
agreement been reached to double the interconnection capac-
ity between Spain and France. Despite this shortcoming, Spaini  
and Portugalii  are among the countries with the highest wind 
power shares in Europe.17  Both countries are dealing success-
fully with the resulting challenges. In Portugal, hydropower, and 
some biomass (as well as some waste-to-energy plants) provide 
the major share of the country’s flexible capacity. In Spain, the 
main tool for dealing successfully with high shares of wind and 
solar power is a special control centre (CECRE), established in 
2006. CECRE’s sole purpose is to monitor and safely integrate 
the highest possible amount of electricity from renewables.18

Germany is in the process of “Energiewende” (energy transition 
or turnaround), a transformation that started long before the 
2011 decision to phase out nuclear power by 2022. The first 
feed-in law was enacted in 1991, and the uptake of renewable 
energy was significantly accelerated when the Renewable 
Energy Law (EEG) entered into force in 2000. By granting 
priority grid access and priority dispatch to renewable energy, 
the EEG facilitated a process of transforming the power grid 
to accommodate increasing shares of renewable energy. The 
obligation for wind turbines (and recently also for solar PV) to 
provide system services (e.g., remote control by the grid opera-
tor and scalable output) was enacted and implemented in the 
2004 and 2009 amendments to the law.19  Renewables’ share 
of total consumption in the power sector increased from 6.8% 
in 2000 to 22.9% in 2012, with wind and solar contributing 
more than half of this share.20  

For 2020, Germany’s targets are to meet at least 35% of 
national electricity demand (80% by 2050) with renewables, to 
provide more than 18% of the overall total final energy (more 
than 60% in 2050) with renewables, and to reduce greenhouse 
gas emissions by 40% by 2020 (80–95% by 2050). The 
process is labelled and planned as system transformation, to 
be implemented in a cost-efficient way while maintaining a high 
level of supply security.21  Smart grids, grid extension, demand 
response, strategic reserves, and/or capacity mechanisms 
for balancing power are being discussed and put in place. An 
ordinance that entered into force at the end of 2012 obliges 
operators of strategically important power plants to keep 
them available as reserve capacities for the power system. 
Discussion about incentives for flexible capacities and/or 
capacity payments is ongoing.22

China and India have the highest installed capacities of vari-
able renewables of any developing countries and have both 
adopted ambitious targets to further increase the capacity and 
related shares of renewable energy consumption. (See Policy 
Landscape section.) China, India, and other countries with 
rapidly increasing capacities and resulting shares of variable 
renewables already face the challenge of integrating them into 
existing energy systems, which are often weak and inflexible. 
However, they have the opportunity to design infrastructure and 
markets alongside their developing wind and solar capacity; to 
integrate the power grid with dispatchable energy sources and 
CHP; and to integrate electricity with other sectors such as solar 
heating, electric vehicles, and other innovative products. 

■■ outlook
The process of developing, enacting, and implementing 
electricity systems with very high shares of renewables, 
particularly variable renewables, is ongoing. Several scenarios 
underline the possibility and viability of having an energy23 
supply based predominantly on renewable energy.  They have 
been developed by high level institutions, such as the IEA and 
the European Commission, and they frequently inform policy 
decisions. In December 2011, the European Commission 
published an “Energy Roadmap 2050” showing that all 
“decarbonisation scenarios” (those in compliance with the 
European Union’s greenhouse gas reduction targets of minus 
80–95% below 1990 levels by 2050) will be based on very high 
shares of renewables—i.e., as much as 54–75% of final energy 
consumption, and 59–83% of electricity supply, with variable 
renewables playing a major role. 

Of the 164 scenarios examined by the Intergovernmental 
Panel on Climate Change in the Special Report on Renewable 
Energy Sources and Climate Change Mitigation, the most 
ambitious scenario with regard to the growth of renewable 
energy, improvements in energy efficiency, and the resulting 
greenhouse gas mitigation emphasised that implementation 
must be based on clear and unambiguous policy decisions, 
including the removal of fossil fuel and nuclear power subsidies 
(in all sectors, including electricity, heating and cooling, and 
transport fuels), in order to create a level playing field for renew-
able energy and to avoid further costly lock-in of fossil- and 
nuclear-based energy production.24  

System transformation will be the most efficient and least costly 
means for achieving high renewable electricity shares with 
variable resources. The technologies needed to achieve trans-
formation of the electricity system, from one based on thermal 
baseload plants fired with fossil fuels to one with high shares of 
variable renewables, are well understood. The requirements for 
designing and operating a supply system to accommodate high 
shares of variable renewables are also better understood, and 
the potential economic costs and benefits have been demon-
strated. What is needed now is the political will to implement 
them.  

i - In Spain, 32% of electricity was derived from renewables in 2012 (down from 33% in 2011), with 57% of that from wind, 13% from solar, and the rest 
from dispatchable renewable sources including hydro and biomass, per Red Eléctrica Corporación, Corporate Responsibility Report 2012 (Madrid: 
2013), p. 60.
ii - In Portugal, 42.7% of electricity was derived from renewables in 2012, with about half (50.5%) from wind, 1.8% from solar, the rest mainly from 
hydropower and biomass, per Direcção Geral de Energia e Geologia (DGEG), Renováveis, Estatísticas Rápidas 2012 (Lisbon: January 2013).
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RefeRence Tables
Table R1. GlObal ReneWable eneRGY caPacIT Y anD bIOfUel PRODUcTIOn, 2012

1 Solar collector capacity is for glazed water systems only. Additions are net; gross additions were estimated at 53 GWth.
Note: Numbers are rounded to nearest GW/GWth/billion litre, except for relatively low numbers and biofuels, which are 
rounded to nearest decimal point; where totals do not add up, the difference is due to rounding. Rounding is to account for 
uncertainties and inconsistencies in available data. For more precise data, see Tables R2–R8, Market and Industry Trends 
by Technology section and related endnotes.
Source: See Endnote 1 for this section.

Added During 2012 Existing at End-2012

Power Generation (GW)

Bio-power  +  9  +  83

Geothermal power  +  0.3  +  11.7

Hydropower  +  30  +  990

Ocean power  ~  0  +  0.5

Solar PV  +  29.4  +  100

Concentrating solar thermal power (CSP)  +  1  +  2.5

Wind power  +  45  +  283

Hot Water/Heating (GWth)

Modern bio-heat  +  3  +  293

Geothermal heating  +  8  +  66

Solar collectors for water heating1  +  32  +  255

Transport Fuels (billion litres/year)

Biodiesel production  +  0.1  +  22.5

Ethanol production  –  1.1  +  83.1
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Note: Global total reflects additional countries not shown. Table shows the top six countries by total renewable power capacity not including hydropower; if 
hydro were included, countries and rankings would differ somewhat. To account for uncertainties and inconsistencies in available data, numbers are rounded to 
the nearest 1 GW, with the exception of the following: totals below 20 GW are rounded to the nearest decimal point; and per capita numbers are rounded to the 
nearest 10 W. Where totals do not add up, the difference is due to rounding. Small amounts, on the order of a few MW (including pilot projects), are designated 
by “~0.” For more precise figures, see Global Market and Industry Overview and relevant sections in Global Market and Industry Trends by Technology and 
related endnotes. Figures 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), do 
not include pure pumped storage capacity. For more information on hydropower and pumped storage, see Note on Accounting and Reporting on page XX.
Source: See Endnote 2 for this section.

Table R2. ReneWable elecTRIc POWeR GlObal caPacIT Y, TOP ReGIOns/cOUnTRIes, 2012

Technology Global EU-27 BRICS China United 
States

Germany Spain Italy India

(GW)

Bio-power 83 31 24 8 15 7.6 1 3.8 4

Geothermal power 11.7 0.9 0.1 ~0 3.4 ~0 0 0.9 0

Ocean (tidal) power 0.5 0.2 ~0 ~0 ~0 0 ~0 0 0

Solar PV 100 69 8.2 7.0 7.2 32 5.1 16.4 1.2

Concentrating solar 
thermal power (CSP)

2.5 2 ~0 ~0 0.5 ~0 2 ~0 ~0

Wind power 283 106 96 75 60 31 23 8.1 18.4

Total renewable 
power capacity (not 
including hydropower)

480 210 128 90 86 71 31 29 24

Per capita capacity 
(W/inhabitant, not 
including hydropower)

70 420 40 70 280 870 670 480 20

Hydropower 990 119 402 229 78 4.4 17 18 43

Total renewable 
power capacity 
(including hydropower)

1,470 330 530 319 164 76 48 47 67
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Note: Trade data used in this analysis are complex and are not always standardised among 
countries.
Source: See Endnote 3 for this section.

Table R3. WOOD PelleT GlObal TRaDe, 2012

Exporter Importer Volume

(kilotonnes)

United States k EU27 1,956

Canada k EU27 1,221

Russia k EU27 676

Ukraine k EU27 227

Croatia k EU27 132

Belarus k EU27 111

Bosnia and Herzegovina k EU27 61

South Africa k EU27 88

Serbia k EU27 22

Australia k EU27 19

Norway k EU27 45

New Zealand k EU27 14

Other k EU27 49

Canada k Japan 50

Canada k South Korea 50

Canada  k United States 30
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Note: All figures are rounded to nearest 0.1 billion litres; comparison column notes “no change” if difference is less than 
0.05 billion litres. Ethanol numbers are for fuel ethanol only. Table ranking is by total volumes of biofuel produced in 2012 (from 
preliminary data), and not by energy content. Where totals do not add up, the difference is due to rounding.
Source: See Endnote 4 for this section.1

Table R4. bIOfUel PRODUcTIOn In TOP 15 cOUnTRIes PlUs eU, 2012

Country Fuel Ethanol Biodiesel Total Comparison with Volumes 
Produced in 2011

(billion litres)

United States 50.4 3.6 54.0  –  2.4

Brazil 21.6 2.7 24.3  +  0.6

Germany 0.8 2.7 3.5  –  0.5

Argentina 0.2 2.8 3.0  +  0.1

France 1.0 1.9 2.9  +  0.2

China 2.1 0.2 2.3 No change

Canada 1.8 0.1 1.9  +  0.2

Thailand 0.7 0.9 1.6  +  0.5

Indonesia 0.1 1.5 1.6  +  0.2

Spain 0.4 0.5 0.9  – 0.3

Belgium 0.4 0.4 0.8 No change 

The Netherlands 0.2 0.5 0.7  –  0.1

Colombia 0.4 0.3 0.7 No change

Austria 0.2 0.4 0.6 No change

India 0.5 > 0.0 0.5  +  0.1

World Total 83.1 22.5 105.6  –  1.0

EU Total 4.2 9.1 13.3  –  0.7
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1 For France, previously installed projects were connected to the grid in 2012, along with a limited contribution from new 
installations, per European Photovoltaics Industry Association, Market Report 2012 (Brussels: February 2013).
Note: Countries are ordered according to total operating capacity. Capacities are rounded to the nearest 0.1 GW; world 
totals for year-end capacity 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. Data reflect a variety of sources, some 
of which differ quite significantly, reflecting variations in accounting or methodology. For more detailed information and 
statistics, see Solar Photovoltaics section in Market and Industry Trends by Technology and related endnotes. For more 
information, see Note on Accounting and Reporting on page XX.
Source: See Endnote 5 for this section.

Table R5. sOlaR PV GlObal caPacIT Y anD aDDITIOns, TOP 10 cOUnTRIes, 2012

Country Total End-2011 Added 2012 Total End-2012

(GW)

Germany 24.8 7.6 32.4

Italy 12.8 3.6 16.4

United States 3.9 3.3 7.2

China 3.5 3.5 7.0

Japan 4.9 1.7 6.6

Spain 4.9 0.2 5.1

France1 2.9 1.1 4.0

Belgium 2.1 0.6 2.7

Australia 1.4 1.0 2.4

Czech Republic 2.0 0.1 2.1

Other Europe 3.3 4.1 7.4

Other World 4.1 2.6 6.7

World Total 70.6 29.4 100
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Country Total End-2011 Added 2012 Total End-2012

(MW)

Spain 999 951 1950

United States 507 0 507

Algeria 25 0 25

Egypt 20 0 20

Morocco 20 0 20

Australia 3 9 12

Chile 0 10 10

Thailand 5 0 5

World Total 1580 970 2550

Note: Table includes countries with operating commercial CSP capacity at end-2012. Several additional countries had 
small pilot plants in operation by year’s end, including China (about 2.5 MW), France (at least 0.75 MW), Germany (1.5 
MW), India (as much as 5.5 MW), Israel (6 MW), Italy (5 MW), South Korea (0.2 MW), and Thailand (5 MW). GSR 2012 also 
included 17 MW in Iran; this was removed because capacity is reportedly not in operation. Data are rounded to nearest 
MW. Rounding is to account for uncertainties and inconsistencies in available data; where totals do not add up, the differ-
ence is due to rounding.
Source: See Endnote 6 for this section.

Table R6.  cOncenTRaTInG sOlaR THeRMal POWeR (csP) GlObal caPacIT Y, 2012
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Note: Countries are ordered according to total installed capacity. Data are for glazed water collectors only (excluding 
unglazed collectors for swimming pool heating). World additions are gross capacity added; total numbers include 
allowances for retirements. Data for China, rest of world, and world total are rounded to nearest 1 GWth; other data 
are rounded to the nearest 0.1 GWth. By accepted convention, 1 million square metres = 0.7 GWth. The year 2011 is 
the most recent one for which firm global data and most country statistics are available. It is estimated, however, that 
there were 282 GWth of solar thermal capacity of all types in operation by the end of 2012, and 255 GWth of glazed 
water collectors in operation worldwide. For details and source information, see Solar Heating and Cooling section of 
Market and Industry Trends by Technology.
Source: See Endnote 7 for this section.

Country Added 2011 Total 2011

(GWth)

China 40 152

Germany 0.9 10.3

Turkey 1.3 10.2

Brazil 0.4 3.7

India 0.7 3.3

Japan 0.1 3.3

Israel 0.3 3.0

Austria  0.2 2.9

Greece 0.2 2.9

Italy 0.3 2.1

Australia 0.3 1.9

Spain 0.2 1.8

Rest of World 4 25

World Total 49 223

Table R7.  sOlaR WaTeR HeaTInG GlObal caPacIT Y anD  aDDITIOns,  
TOP 12 cOUnTRIes, 2011
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Country Total End-2011 Added 2012 Total End-2012

(GW)

China1 45.1/62.4 15.8/13 60.8/75.3

United States 46.9 13.1 60.0

Germany 29.1 2.4 31.3

Spain 21.7 1.1 22.8

India 16.1 2.3 18.4

United Kingdom 6.6 1.9 8.4

Italy 6.9 1.3 8.1

France 6.8 0.8 7.6

Canada 5.3 0.9 6.2

Portugal 4.4 0.1 4.5

World Total 238 45 283

1 For China, left-hand data are the amounts classified as official additions to the grid or operational by year’s end; right-hand 
data are total installed capacity. The world totals include the higher figures for China. See Wind Power section in Market and 
Industry Trends by Technology and relevant endnotes for further elaboration of these categories.
Note: Countries are ordered according to total installed capacity; order of top 10 for 2012 additions is United States, China, 
Germany, India, United Kingdom, Italy, Spain, Brazil, Canada, and Romania. Country data are rounded to nearest 0.1 GW; 
world data are rounded to nearest 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 data. Figures reflect a variety of 
sources, some of which differ to small degrees, reflecting variations in accounting or methodology. For more information and 
statistics, see Wind Power text in Market and Industry Trends by Technology section and relevant endnotes.
Source: See Endnote 8 for this section.1

Table R8.  WInD POWeR GlObal caPacIT Y anD aDDITIOns, TOP 10 cOUnTRIes, 2012
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Table R9. GlObal TRenDs In ReneWable eneRGY InVesTMenT, 2004-2012, bIllIOn Us DOllaRs

Year 2004 2005 2006 2007 2008 2009 2010 2011 2012

Category  Unit (Billion US Dollars)

Total Investment

New investment 39.6 64.7 100.0 146.2 171.7 168.2 227.2 279.0 244.4 

Total transactions 48.4 90.7 135.6 204.7 231.0 232.5 285.8 352.5 296.7

New Investment by Value Chain

Technology development

Venture capital 0.4 0.6 1.2 2.2 3.2 1.6 2.5 2.6 2.3

Government R&D 2.0 2.1 2.3 2.7 2.8 5.2 4.7 4.7 5.0

Corporate RD&D 3.0 2.9 3.3 3.6 4.0 4.0 4.6 4.8 4.6

Equipment Manufacturing 0.6 4.8 12.1 25.9 18.4 15.4 14.9 13.2 5.5

Projects

Asset finance 24.8 44.0 72.1 100.6 124.2 110.3 143.7 180.1 148.5

Of which re-invested equity 0.0 0.1 0.7 3.1 3.4 1.8 5.5 3.7 1.5

Small distributed capacity 8.9 10.5 9.8 14.3 22.5 33.5 62.4 77.4 80.0

Total Financial Investment 25.8 49.3 84.7 125.6 142.4 125.5 155.6 192.2 154.8

Gov't R&D, corporate RD&D, small 
projects 13.8 15.4 15.3 20.6 29.3 42.7 71.7 86.8 89.6

Total New Investment 39.6 64.7 100.0 146.2 171.7 168.2 227.2 279.0 244.4

M&A Transactions 8.6 25.9 35.6 58.6 59.4 64.3 57.8 73.5 52.2

New Investment by Sector

Wind 14.4 25.5 32.4 57.4 69.9 73.7 96.2 89.3 80.3

Solar 12.3 16.4 22.1 39.1 59.3 62.3 99.9 158.1 140.4

Biofuels 3.7 8.9 26.1 28.2 19.3 10.6 9.2 8.3 5.0

Biomass & w-t-e 6.3 8.3 11.8 13.1 14.1 13.2 13.7 12.9 8.6

Small hydro 1.5 4.6 5.4 5.9 7.1 5.3 4.5 6.5 7.8

Geothermal 1.4 0.9 1.4 1.8 1.8 2.7 3.5 3.7 2.1 -44%

Marine 0.0 0.1 0.9 0.7 0.2 0.3 0.2 0.3 0.3

Total 39.6 64.7 100.0 146.2 171.7 168.2 227.2 279.0 244.4

Note: New investment volume adjusts for re-invested equity. Total values include estimates for undisclosed deals.
Source: Bloomberg New Energy Finance, UNEP
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Table R10.  sHaRe Of PRIMaRY anD fInal eneRGY fROM ReneWables,  
eXIsTInG In 2010/2011 anD TaRGeTs (cOnTInUeD)

Country Primary Energy Final Energy

Share 
(2010/2011)1

Target Share  
(2011)

Target

EU-27 13% k 20% by 2020

Albania k 18% by 2020 k 38% by 2020

Algeria k 40% by 2030

Argentina  9.8%

Australia  3.7%

Austria2 27% 31% k 45% by 2020 

Barbados k 10% by 2012
k 20% by 2016

Belarus  6.5%

Belgium  5.5% k 13% by 2020

Bosnia and Herzegovina  7.7% k 40% by 2020

Botswana k 1% by 2016

Brazil 46%

Bulgaria  7.0% 13% k 16% by 2020

Burundi k 2.1% by 2020

Cameroon 69% 
(2009)

Canada 17%

Chile 27%

China  8% k 9.5% by 2015

Colombia 32%

Costa Rica 83%

Côte d’Ivoire k 3% by 2013
k 5% by 2015

Croatia 12% k 20% by 2020

Cyprus  6% k 13% by 2020

Czech Republic2  8% 10% k 13.5% by 2020

Democratic Republic  
of the Congo

97%

Denmark 19% 26% k 35% by 2020 
k 100% by 2050

Djibouti k 100% by 2020

Dominican Republic k 25% by 2025

Ecuador 17%

Egypt  4.1%

El Salvador 76%
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Table R10.  sHaRe Of PRIMaRY anD fInal eneRGY fROM ReneWables,  
eXIsTInG In 2010/2011 anD TaRGeTs (cOnTInUeD)

Country Primary Energy Final Energy

Share 
(2010/2011)1

Target Share  
(2011)

Target

Eritrea 65%

Estonia 18% 26% k 25% by 2020

Fiji k 100% by 2013

Finland 20% 33% k 25% by 2015 
k 28% by 2020 
k 40% by 2025

France  6% 13% k 23% by 2020

Gabon k 80% by 2020

Germany2  9% 12% k 18% by 2020 
k 30% by 2030 
k 45% by 2040 
k 60% by 2050

Greece2  6.1% 11% k 20% by 2020

Grenada k 20% by 2020

Guatemala 94% k 80% by 2026

Honduras 97%

Hungary2  8.3%  8.2% k 14.65% by 2020

India  7%  4.9%

Indonesia  3.8% k 25% by 2025

Iran  1.2%

Ireland  9.1%  6.2% k 16% by 2020

Israel k 50% by 2020

Italy 11% 12% k 17% by 2020

Jamaica k 15% by 2020
k 20% by 2030

Japan  6.9% k 10% by 2020

Jordan k 7% by 2015
k 10% by 2020

Kenya 69%

Kosovo k 25% by 2020

Laos k 30% by 2025

Latvia 50% 33% k 40% by 2020

Lebanon k 12% by 2020

Libya k 10% by 2020

Lithuania 14% k 20% by 2025 18% k 23% by 2020

Luxembourg  2.8% k 11% by 2020

Macedonia 10% k 28% by 2020

Madagascar k 54% by 2020
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Table R10.  sHaRe Of PRIMaRY anD fInal eneRGY fROM ReneWables,  
eXIsTInG In 2010/2011 anD TaRGeTs (cOnTInUeD)

Country Primary Energy Final Energy

Share 
(2010/2011)1

Target Share  
(2011)

Target

Malawi 88%  
(2012)

k  7% by 2020

Mali k 15% by 2020

Malta  0.4% k 10% by 2020

Mauritania k 15% by 2015
k 20% by 2020

Mauritius k 35% by 2025

Mexico  6.9%

Moldova k 20% by 2020 k 17% by 2020

Mongolia k 20–25% by 2020

Montenegro k 33% by 2020

Morocco k 8% by 2012 k 10% by 2012

Mozambique 97%  
(2009)

Netherlands2  4.4% k 16% by 2020

New Zealand 39%

Nicaragua 65%

Niger k 10% by 2020

Norway 65% k 67.5% by 2020

Peru 24%

Palau k 20% by 2020

Palestinian Territories k 25% by 2020

Philippines 41%

Poland  8.9% k 12% by 2020 11% k 15% by 2020

Portugal 23% 25% k 31% by 2020

Romania 16% 24% k 24% by 2020

Russia  5.6%

Rwanda 87%

Samoa k 20% by 2030

Serbia 12% k 27% by 2020

Slovakia  7.5%  9.5% k 14% by 2020

Slovenia 14% 19% k 25% by 2020

Somalia 96%  
(2008)

South Korea  2.75% k 4.3% by 2015
k 6.1% by 2020
k 11% by 2030

South Sudan 66%
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Table R10.  sHaRe Of PRIMaRY anD fInal eneRGY fROM ReneWables,  
eXIsTInG In 2010/2011 anD TaRGeTs (cOnTInUeD)

Country Primary Energy Final Energy

Share 
(2010/2011)1

Target Share  
(2011)

Target

Spain2 13% 15% k 20.8% by 2020

St. Lucia k 20% by 2020

Sudan 70  
(2009)

Sweden2 38% 48% k 50% by 2020 
k 49% by 2020

Switzerland 14% k 24% by 2020

Syria k 4.3% by 2011

Tanzania >90%

Thailand 21% k 25% by 2022

Tonga k 100% by 2013

Turkey 11% k 30% by 2023

Uganda 90%

Ukraine  1.8% k 19% by 2030 k 11% by 2020

United Kingdom  4%  3.8% k 15% by 2020

Uruguay 44% k 50% by 2015

Vietnam  3.2% k 5% by 2020
k 8% by 2025
k 11% by 2050

1 National share is for 2010/2011 unless otherwise noted.
2 Final energy targets for all EU-27 countries are set under EU Directive 2009/28/EC.  The governments of Austria, Czech 
Republic, Germany, Greece, Hungary, Spain, and Sweden have set additional targets that are shown above EU targets.  The 
government of the Netherlands has reduced its more ambitious target to the level set in the EU Directive. Some countries 
shown have other types of targets (see Tables R11 and R12).
Source: See Endnote 10 for this section.
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Country Share 
(2011)1

Target

Global 

EU-27 20.6%

Algeria  2.2% 
(2012)

k 5% by 2017
k 40% by 2030

Antigua and Barbuda k 5% by 2015
k 10% by 2020
k 15% by 2030

Argentina 31% k 8% by 2016
Australia 11% k 20% by 2020
Bahamas, The k 15% by 2020

 k 30% by 2030
Bangladesh  4.6% k 5% by 2015

k 10% by 2020
Barbados k 29% by 2029
Belgium 10.8% k 20.9% by 2020
Cape Verde  7.5% k 50% by 2020
Chile2  5.9% k 5% by 2014

k 10% by 2024
Cook Islands k 50% by 2015

k 100% by 2020
Costa Rica k 100% by 2021
Croatia 46% k 35% by 2020
Denmark3 40% k 50% by 2020 

k 100% by 2050
Dominica k 100% (no date)
Egypt 11% 

(2012)
k 20% by 2020

Eritrea k 50% (no date)
Estonia  9.1% k 18% by 2015 
Fiji k 90% by 2015
France 12% k 27% by 2020
Gabon 42% k 70% by 2020
Germany 21% k 35% by 2020 

k 50% by 2030 
k 65% by 2040 
k 80% by 2050 

Ghana k 10% by 2020
Greece 15% k 40% by 2020
Guatemala 64% k 60% by 2022
Guyana k 90% (no date)
India 11% k 10% by 2012
Indonesia 16% k 26% by 2025
Iraq 11% k 2% by 2030
Ireland 20% k 40% by 2020
Israel  0.5% k 5% by 2014 

k 10% by 2020
Italy2 14%

non-hydro
k 26% by 2020

Jamaica k 15% by 2020
Kiribati k 10% (no date)
Kuwait k 15% by 2030
Latvia 51% k 60% by 2020
Lebanon k 12% by 2020
Libya  0% 

(2012)
k 7% by 2020 
k 10% by 2025

Lithuania  8.4% k 20% by 2020

Country Share 
(2011)1

Target

Luxembourg2 11.6% k 11.8% by 2020
Madagascar 52% k 75% by 2020
Malaysia k 5% by 2015 

k 9% by 2020
k 11% by 2030
k 15% by 2050

Mali 58% k 25% by 2020
Marshall Islands k 20% by 2020
Mauritius k 35% by 2025
Mexico 16% k 35% by 2026
Mongolia k 20-25% by 2020
Morocco 33% 

(2012)
k 42% by 2020

New Zealand 76% k 90% by 2025
Nigeria 20.1% k 5% by 2015 

k 10% by 2025 
Niue k 100% by 2020
Pakistan2  ~0% k 10% by 2012
Palestinian Territories  0.72% 

(2012)
k 10% by 2020

Philippines  2% k 40% by 2020
Portugal 47% k 59% by 2020
Qatar k 20% by 2030
Romania 28.1% k 43% by 2020
Russia2  0.3% k 2.5% by 2015 

k 4.5% by 2020
Rwanda 55% k 90% by 2012
Senegal k 15% by 2020
Seychelles k 5% by 2020 

k 15% by 2030
Solomon Islands k 50% by 2015
South Africa  2.2% k 9% by 2030
Spain 30.5% k 38.1% by 2020 
Sri Lanka2  0.1% k 10% by 2016 

k 20% by 2020 
St. Kitts and Nevis k 20% by 2015
St. Lucia k 5% by 2013 

k 15% by 2015 
k 30% by 2020

St. Vincent and the 
Grenadines

k 30% by 2015 
k 60% by 2020

Sudan k 10% by 2016
Thailand k 11% by 2011 

k 14% by 2022
Timor-Leste k 50% by 2020
Tonga k 50% by 2015
Tunisia  5.5% 

(2012)
k 4% by 2011 
k 16% by 2016 
k 40% by 2030 

Turkey 25.3% k 30% by 2023
Tuvalu k 100% by 2020
Uganda 54% k 61% by 2017
United Kingdom  
Scotland 

10.3% k 50% by 2015 
k 100% by 2020

Uruguay 74.6%
Vanuatu k 23% by 2014
Vietnam k 5% by 2020
Yemen k 15% by 2025

Table R11.  sHaRe Of elecTRIcIT Y PRODUcTIOn fROM ReneWables: eXIsTInG In 2011 anD TaRGeTs
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Table R11 anneX.  sHaRe Of elecTRIcIT Y PRODUcTIOn fROM ReneWables: eXIsTInG In 2011,  
cOUnTRIes WITHOUT TaRGeTs

Country Share (2011)1

Austria 69%

Bahrain 0.006% (2012)

Belarus 0.8%

Bosnia and Herzegovina 29%

Brazil 89%

Bulgaria 8.4%

Canada 63%

Cameroon 88%

China 18%

Colombia 80%

Costa Rica 91%

Côte d’Ivoire 30%

Cuba 3.2% (2010)

Cyprus 4.7%

Czech Republic 9.2%

Democratic Republic of the Congo 99.6% (2009)

El Salvador 63%

Ethiopia 84%

Finland 32%

Honduras 65% (2010)

Hungary 7.6%

Iceland 100%

Iran 5.1%

Japan 10.5%; 3.8% not 
including hydro >10 MW 

Jordan 0.5%

Kazakhstan 14%

Kenya 67.5%; 17.6%  
not including hydro 

Lebanon 12% (2012)

Macedonia 21%

Country Share (2011)1

Malawi 96.8%; 2.8%  
not including hydro

Malta 0.8%

Moldova 2.1%

Montenegro 43%

Mozambique 99.9%

Netherlands 10.9%

Nicaragua 32.7% 

Norway 96.6%

Papua New Guinea 35.5%

Peru 56.9%

Poland 11.9%

Senegal 10.3%

Serbia 23.9%

Slovakia 17.2%

Slovenia 25.1%

Somalia 69% (2012)

South Korea 3%

Sudan 63%

Sweden 55%

Switzerland 57%

Tanzania 46%

Thailand 7%

Togo 0.6%

Tunisia 5.5% (2012)

Ukraine 5.8%

United States 13%

Uzbekistan 18%

Venezuela 73%

Zambia 99.6% (2010)

1 National share is for 2011 unless otherwise noted.
2 For certain countries, existing shares exclude large hydro, because corresponding targets exclude large hydro. These include: Chile, Italy, 
Luxembourg, Pakistan, Russia, and Sri Lanka.
3 Denmark set a target of 50% electricity consumption supplied by wind power by 2020 in March 2012.
Notes: Actual percentages are rounded to the nearest whole decimal for figures over 10% except where associated targets are expressed differently. 
A number of state/provincial and local jurisdictions have additional targets not listed here. The United States and Canada have de-facto state or 
provincial-level targets through existing RPS policies), but no national targets (see Table R12 and R16). Some countries shown have other types of 
targets (see Tables R10 and R12). See text of Policy Landscape section (Section 4) for more information about sub-national targets. Existing shares 
are indicative and are not intended to be a fully reliable reference. Share of electricity can be calculated using different methods. Reported figures 
often do not specify which method is used to calculate them, so the figures in this table for share of electricity are likely a mixture of the different 
methods and thus not directly comparable or consistent across countries. In particular, certain shares sourced from Observ’ER are different from 
those provided to REN21 by report contributors. In situations of conflicting shares, figures provided to REN21 by report contributors were given 
preference. The difference likely stems from calculations using different (and equally valid) methods.
Source: See Endnote 11 for this section.
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Table R12. OTHeR ReneWable eneRGY TaRGeTs (cOnTInUeD)

Country Target Description

EU-27 Transport All EU-27 countries are required to meet 10% of final energy 
consumption in the transport sector with renewables by 2020

Algeria Wind 10 MW by 2013; 50 MW by 2015; 270 MW by 2020; 2,000 MW by 2030

Solar PV 25 MW by 2013; 241 MW by 2015; 946 MW by 2020; 2,800 MW by 2030

CSP 25 MW by 2013; 325 MW by 2015; 1,500 MW by 2020; 7,200 MW by 2030

Argentina Renewables in general 3 GW by 2016

Geothermal 30 MW electricity generation by 2016

Australia  
(South Australia)

Renewables in general 33% of electricity generation by 2020 

Austria Wind 2,000 MW addition by 2020 

Solar PV 1,200 MW addition by 2020

Hydro 1,000 MW addition by 2020

Bioenergy and biogas   200 MW addition by 2020

Bangladesh Solar 500 MW by 2015

Rural off-grid solar   2.5 million units by 2015

Bioenergy   2 MW electricity plant by 2014

Biogas 150,000 plants by 2016; 4 MW electricity plant by 2014

Belgium Heating and cooling 11.9% share of renewables in gross final consumption  
in heating and cooling by 2020

Transport 10.14% share of renewables in gross final consumption in transport by 2020

(Walloonia) Final energy 20% share of renewables by 2020

(Walloonia) Electricity 8 TWh/year of renewable power by 2020

Benin Rural energy 50% of rural electricity from renewables by 2025

Brazil Wind 15.6 GW by 2021

Small hydro  7.8 GW by 2021

Bioenergy 19.3 GW by 2021

Bulgaria Solar PV 80 MW PV park operational by 2014

Hydro 80 MW hydroelectric plant commissioned by 2011;  
three 174 MW hydro power plants by 2017–18

Canada 

(New Brunswick) Electricity 40% renewable power by 2020; increase renewable share 10% by 2016

(Nova Scotia) Electricity 20% by 2012; 25% by 2015

(Saskatchewan) Renewables in general 33.3% by 2030

(Prince Edward Island) Wind     30 MW increase by 2030 relative to 2011

(Ontario) Renewables in general 10,700 MW by 2022

(Ontario) Wind  5,000 MW by 2025

(Ontario) Solar PV     40 MW by 2025

(Ontario) Hydro  1,500 MW by 2025

China Renewables in general  49 GW of new renewable capacity in 2013

Wind 100 GW on-grid by 2015; 200 GW by 2020

Solar PV  10 GW in 2013; 20 GW by 2015

CSP   1 GW by 2015

Solar thermal 280 GWth (400 million m2) by 2015

Hydro 290 GW by 2015

Bioenergy  13 GW by 2015
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Table R12. OTHeR ReneWable eneRGY TaRGeTs (cOnTInUeD)

Country Target Description

Colombia Grid-connected renewables 3.5% by 2015; 6.5% by 2020

Off-grid renewables 20% of off-grid generation by 2015; 30% by 2020

Czech Republic Transport 10.8% share of renewables in gross final consumption in transport by 2020

Denmark Wind 50% share in electricity consumption by 2020

Heating and cooling 39.8% by 2020

Transport 10% by 2020

Djibouti Solar PV 30% of rural electrification by 2017

Egypt Non-hydro renewables 14% of electricity by 2020

Wind 12% of electricity and 7,200 MW by 2020

Solar PV 220 MW by 2020; 700 MW by 2027

CSP 1,100 MW by 2020; 2,800 MW by 2027

Eritrea Wind 50% of electricity generation (no date)

Ethiopia Wind 770 MW by 2014

Hydro 10,641.6 MW (>90% large-scale) by 2015; 22,000 MW by 2030

Geothermal 75 MW by 2015; 450 MW by 2018; 1,000 MW by 2030

Bagasse for bioenergy 103.5 MW (no date)

Finland Wind    884 MW by 2020 

Hydro 14,598 MW by 2020

Bioenergy 13,152 MW by 2020

France Solar PV and CSP Install 1 GW new capacity in 2013

Wind 25 GW by 2020

Offshore wind and ocean  6 GW by 2020

Heating and cooling 33% by 2020

Transport 10.5% by 2020

Germany Heat 14% renewables in total heat supply by 2020

Greece Solar PV 2,200 MW by 2030

Heating and cooling 20% renewables in heating and cooling by 2020

Guinea-Bissau Solar PV 2% of primary energy by 2015

India Renewables in general 53 GW capacity by 2017

Wind 5 GW by 2017

Solar 10 GW by 2017; 20 GW grid-connected by 2022;  
2,000 MW off-grid by 2020; 20 million solar lighting systems by 2022

Solar thermal 5.6 GWth (8 million m2)  
of new capacity to be added between 2012 and 2017

Small hydro 2.1 GW by 2017

Bioenergy 2.7 GW by 2017

Indonesia Wind, solar, hydro 1.4% share in primary energy (combined) by 2025

Wind 0.1 GW by 2025

Solar PV 156.76 MW by 2025

Hydro 2 GW, including 0.43 GW micro hydro by 2025

Pumped storage1 3 GW by 2025

Geothermal 6.3% share in primary energy and 12.6 GW electricity by 2025

Biofuels 10.2% share in primary energy by 2025

Iraq Wind  80 MW by 2016

Solar PV 240 MW by 2016

CSP  80 MW by 2016
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Table R12. OTHeR ReneWable eneRGY TaRGeTs (cOnTInUeD)

Country Target Description

Ireland Heating 15% renewables share by 2020

Italy Wind (onshore) 18,000 GWh generation and 12,000 MW capacity by 2020

Wind (offshore)  2,000 GWh generation and 680 MW capacity by 2020

Solar PV 23,000 MW by 2017

Solar water and space 
heating

 1,586 ktoe by 2020

Hydro 42,000 GWh generation and 17,800 MW capacity by 2020

Geothermal  6,750 GWh generation and 920 MW capacity by 2020;  
   300 ktoe in heating and cooling by 2020

Bioenergy 19,780 GWh generation and 3,820 MW capacity by 2020;  
 5,670 ktoe in heating and cooling by 2020

Biofuels  2,899 ktoe in transport by 2020

Heating and cooling 17.1% by 2020

Transport 17.4% by 2020

Japan Wind     5    GW by 2020; 8.03 GW offshore by 2030 

Solar PV    28    GW by 2020 

Hydro    49    GW by 2020

Geothermal     0.53 GW by 2020; 3.88 GW by 2030

Bioenergy     3.3  GW by 2020; 6 GW by 2030

Wave and tidal 1,500    MW new capacity by 2030

Jordan Renewables in general 1,000 MW by 2018

Wind 1,200 MW by 2020

Solar PV   300 MW by 2020

CSP   300 MW by 2020

Solar water heaters 30% of households by 2020 (from 13% in 2010)

Kazakhstan Renewables in general 1.04 GW by 2020

Kenya Renewables in general Double installed capacity by 2012 

Solar water heaters Cover 60% of annual demand  
for buildings using over 100 litres of hot water per day

Geothermal 5,000 MW by 2030

Kuwait Wind 3.1 GW and 7.5 TWh by 2030

Solar PV 3.5 GW and 4.2 TWh by 2030

CSP 1.1 GW and 3.2 TWh by 2030

Lebanon Wind  60–100 MW by 2015

Solar water heating 133 MWth (190,000 m2) newly installed capacity during 2009–2014

Hydro  40 MW by 2015

Biogas  15–25 MW by 2015

Lesotho Renewables in general 260 MW by 2030

Rural energy 35% of rural electrification from renewables by 2020

Libya Wind 260 MW by 2015; 600 MW by 2020; 1,000 MW by 2025

Solar PV 129 MW by 2015

CSP 125 MW by 2020; 375 MW by 2025

Solar water heaters  80 MWth by 2015; 250 MWth by 2020
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Table R12. OTHeR ReneWable eneRGY TaRGeTs (cOnTInUeD)

Country Target Description

Luxembourg Heating and cooling 8.5% renewables in gross final consumption in heating and cooling in 2020

Malawi Hydro 346.5 MW installed capacity by 2014

Malaysia Electricity 2,065 MW (excluding large hydro), 11.2 TWh, or 10% of national supply;  
 6% capacity by 2015; 11% capacity by 2020;  
14% capacity by 2030; 36% capacity by 2050

Micronesia Electricity 10% renewable power in urban centers and 50% in rural areas by 2020

Morocco Wind 2,000 MW by 2020

Solar 2,000 MW by 2020

Solar water heating   280 MWth (400,000 m2) by 2012; 1.2 GWth (1.7 million m2) by 2020

Hydro 2,000 MW by 2020

Mozambique Wind, solar, hydro   2,000 MW each (no date) 

Solar PV  82,000 systems installed (no date) 

Solar water and space 
heating

100,000 systems installed in rural areas (no date) 

Wind for water pumping   3,000 stations installed (no date) 

Biodigesters for biogas   1,000 systems installed (no date)

Renewable-energy based 
productive systems

  5,000 installed (no date)

Nepal Wind  1 MW by 2013

Solar  3 MW by 2013

Micro hydro 15 MW by 2013

Netherlands Biofuels 5% in transport fuel mix by 2013; 10% by 2020

Nigeria Wind   1 MW by 2015; 20 MW by 2025; 40 MW by 2035

Solar PV utility-scale (>1 MW)   1 MW by 2015; 50 MW by 2025

Small hydro 100 MW by 2015; 734 MW by 2025; 19,000 MW by 2035

Bioenergy 100 MW 2025; 800 MW by 2035

Norway Renewables in general 30   TWh electricity production by 2016

Common electricity certifi-
cate market with Sweden

26.4 TWh by 2020

Palestinian Territories Wind 44 MW by 2020

Solar PV 45 MW by 2020

CSP 20 MW by 2020

Bioenergy 21 MW by 2020

Philippines Renewables in general Triple 2010 renewable power capacity by 2030

Wind 1,975   MW added by 2030

Solar   284   MW added by 2030

Hydro 5,394.1 MW added by 2030

Geothermal 1,165   MW added by 2030

Bioenergy    81   MW added by 2030

Ocean    71   MW by 2030

Poland Wind (offshore) 1 GW by 2020
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Table R12. OTHeR ReneWable eneRGY TaRGeTs (cOnTInUeD)

Country Target Description

Portugal Renewables in general 15.8 GW by 2020

Qatar Solar PV 1.8 GW by 2014

Romania Heating and cooling 22% by 2020

Transport 10% by 2020

Rwanda Hydro 340 MW by 2017

Small hydro  42 MW by 2015

Geothermal 310 MW by 2017

Biogas 300 MW by 2017

Off-grid renewables   5 MW by 2017

Samoa Renewables in general Increase contribution of renewables for energy services and supply  
20% by 2030

Saudi Arabia Renewables in general 24 GW by 2020; 54 GW by 2032

Solar 41 GW by 2032 (25 GW CSP and 16 GW PV)

Wind, geothermal, and 
waste-to-energy2

Combined 13 GW by 2032

Serbia Wind 1,390 MW (no date)

Solar 150 MW by 2017

South Africa Renewables in general 17.8 GW by 2030

South Korea Capacity

Wind  4.155 million toe by 2020

Solar PV  1.364 million toe by 2030

Solar thermal  1.882 million toe by 2030

Hydro  1.477 million toe by 2030

Geothermal  1.261 million toe by 2030

Bioenergy 10.357 million toe by 2030

Organic MSW2 11.021 million toe by 2030

Ocean  1.540 million toe by 2030

Electricity Generation

Renewables in general 13,016 GWh (2.9%) by 2015; 21,977 GWh (4.7%) by 2020;  
39,517 GWh (7.7%) by 2030

Wind    100 MW by 2013; 900 MW by 2016; 1.5 GW by 2019;  
16,619 GWh by 2030

Solar PV  2,046 GWh by 2030

Solar thermal  1,971 GWh by 2030

Large hydro  3,860 GWh by 2030

Small hydro  1,926 GWh by 2030

Geothermal  2,803 GWh by 2030

Forest bioenergy  2,628 GWh by 2030

Biogas    161 GWh by 2030

Landfill gas  1,340 GWh by 2030

Ocean  6,159 GWh by 2030
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Table R12. OTHeR ReneWable eneRGY TaRGeTs (cOnTInUeD)

Country Target Description

Spain Transport

Renewables in general 11.3% renewables in final consumption of energy in transport by 2020

Biodiesel 7% of total energy in transport fuel use by 2012 and 2013;  
2,313   ktoe by 2020

Bioethanol/bio-ETBE   400   ktoe by 2020

Electricity for transport   501   ktoe from renewable sources by 2020

Heating and Cooling

Renewables in general 18.9% by 2020

Solar water and space 
heating

644 ktoe by 2020

Geothermal 9.5 ktoe by 2020

Bioenergy 4,653 ktoe by 2020

Heat pump 50.8 ktoe by 2020

Final Energy

Wind 6.3% by 2020

Solar 3% by 2020

Hydro 2.9% by 2020

Geothermal, ocean energy, 
and heat pump

5.8% by 2020

Bioenergy, biogas, and 
organic MSW2

0.1% by 2020

Biofuels 2.7% by 2020

Capacity

Onshore wind 35,000 MW by 2020

Offshore wind    750 MW by 2020

Solar PV  7,250 MW by 2020

CSP  4,800 MW by 2020

Hydro 13,861 MW by 2020

Pumped storage1  8,811 MW by 2020

Geothermal     50 MW by 2020

Bioenergy (from solids)  1,350 MW by 2020

Organic MSW2    200 MW by 2020

Biogas    400 MW by 2020

Ocean energy    100 MW by 2020

Sri Lanka Non-traditional renewables 10% of power generation by 2015

Biofuels 20% supply of all liquid fuels by 2020

Sudan Wind 320 MW by 2031

Solar PV 350 MW by 2031

CSP  50 MW by 2031

Hydro  54 MW by 2031

Bioenergy (from solids)  80 MW by 2031

Biogas 150 MW by 2031
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Table R12. OTHeR ReneWable eneRGY TaRGeTs (cOnTInUeD)

Country Target Description

Swaziland Solar water heaters Installed in 20% of all public buildings by 2014

Sweden Electricity 25 TWh more renewable electricity than in 2002 by 2020

Transport Vehicle fleet that is independent from fossil fuels by 2030

Common electricity certifi-
cate market with Norway

26.4 TWh by 2020

Switzerland Renewables in general 11.94 TWh by 2035; 24.22 TWh by 2050 

Hydro  43 TWh by 2035

Syria Wind   150 MW by 2015; 1,000 MW by 2020; 1,500 MW by 2025;  
2,000 MW by 2030

Solar PV    45 MW by 2015; 380 MW by 2020; 1,100 MW by 2025; 1,750 MW by 2030

CSP    50 MW by 2025

Bioenergy   140 MW by 2020; 260 MW by 2025; 400 MW by 2030

Tajikistan Small hydro 100 MW by 2020

Thailand Heating

Solar   100 ktoe by 2022 

Bioenergy 8,200 ktoe by 2022 

Biogas 1,000 ktoe by 2022 

Organic MSW2    35 ktoe by 2022

Transport

Ethanol  9 million litres/day by 2022 

Biodiesel  5.97 million litres/day by 2022 

Advanced biofuels 25 million litres/day by 2022

Electricity

Wind 1,200 MW by 2022 

Solar 2,000 MW by 2022 

Hydro 1,608 MW by 2022 

Geothermal     1 MW

Bioenergy 3,630 MW by 2022 

Biogas   600 MW by 2022 

Organic MSW2   160 MW by 2022 

Wave and tidal     2 MW by 2022

Trinidad and Tobago Renewables in general 5% of peak demand (or 60 MW) by 2020

Tunisia Renewables in general 1,000 MW (16%) by 2016; 4,600 MW (40%) by 2030

Wind 1,500 MW by 2030

Solar PV 1,900 MW by 2030

CSP   300 MW by 2030

Bioenergy (from solids)   300 MW by 2030
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Table R12. OTHeR ReneWable eneRGY TaRGeTs (cOnTInUeD)

Country Target Description

Uganda Solar home systems 400 kWp by 2012; 700 kWp by 2017

Solar water heaters   4.2 MWth (6,000 m2) by 2012; 21 MWth (30,000 m2) by 2017

Large hydro 830 MW by 2012; 1,200 MW by 2017

Mini and micro hydro  50 MW by 2012; 85 MW by 2017

Geothermal  25 MW by 2012; 45 MW by 2017

Biofuels 720,000 m3/year produced by 2012;  
2.16 million m3/year produced by 2017

Organic MSW2  15 MW by 2012; 30 MW by 2017

Ukraine Solar 10% of energy balance by 2030; 90% annual increase to 2015

United Arab Emirates

(Abu Dhabi) Electricity 7% renewables in generation capacity by 2020

(Dubai) Electricity 5% of generating capacity and 1 GW by 2030

United Kingdom Biofuels 5% by 2014 

Heat 12% by 2020

Uruguay Wind 1 GW by 2015

Bioenergy 200 MW by 2015

Vietnam Biofuels Equivalent to 1% of domestic petroleum demand by 2015;  
5% of demand by 2025

Yemen Wind 400 MW by 2025

Solar PV   4 MW by 2025

CSP 100 MW by 2025

Geothermal 200 MW by 2025

Bioenergy   6 MW by 2025

Zimbabwe Biofuels 10% share in liquid fuels by 2015

1 Pure pumped storage plants are not energy sources but instead means for energy storage; as such, pumped storage involves conversion losses. Further, 
pumped storage plants can be fed by renewable and non-renewable energy sources. Pumped storage is included here because it can play an important role as 
balancing power, in particular for balancing variable renewable resources.
2 It is not always possible to determine whether municipal solid waste (MSW) is total (including plastics) or only the organic share. Thailand is confirmed all-
organic and Uganda is predominantly organic. 
Note: Some countries shown have other types of targets (see Tables R10 and R11).
Source: See Endnote 12 for this section.
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Table R13. cUMUlaTIVe nUMbeR Of cOUnTRIes/sTaTes/PROVInces enacTInG feeD-In POlIcIes 

Year Cumulative # Countries/States/Provinces Added That Year

1978  1 United States

1990  2 Germany

1991  3 Switzerland

1992  4 Italy

1993  6 Denmark; India

1994  9 Luxembourg; Spain; Greece

1997 10 Sri Lanka

1998 11 Sweden

1999 14 Portugal; Norway; Slovenia

2000 14

2001 17 Armenia; France; Latvia

2002 23 Algeria; Austria; Brazil; Czech Republic; Indonesia; Lithuania

2003 29 Cyprus; Estonia; Hungary; South Korea; Slovak Republic; Maharashtra (India)

2004 34 Israel; Nicaragua; Prince Edward Island (Canada); Andhra Pradesh and Madhya Pradesh (India)

2005 41 Karnataka, Uttaranchal, and Uttar Pradesh (India); China; Turkey; Ecuador; Ireland

2006 46 Ontario (Canada); Kerala (India); Argentina; Pakistan; Thailand

2007 56 South Australia (Australia); Albania; Bulgaria; Croatia; Dominican Republic; Finland; Macedonia; 
Moldova; Mongolia

2008 70 Queensland (Australia); California (USA); Chhattisgarh, Gujarat, Haryana, Punjab, Rajasthan,  
Tamil Nadu, and West Bengal (India); Iran; Kenya; Philippines; Tanzania; Ukraine

2009 81 Australian Capital Territory, New South Wales, and Victoria (Australia); Hawaii, Oregon, and Vermont 
(USA); Japan; Kazakhstan; Serbia; South Africa; Taiwan

2010 86 Bosnia and Herzegovina; Malaysia; Mauritius; Malta; United Kingdom

2011 92 Rhode Island (USA); Nova Scotia (Canada); Ghana; Montenegro; Netherlands; Syria

2012 97 Jordan; Nigeria; Palestinian Territories; Rwanda; Uganda

2013 
(early)

97

99 Total Existing 

Note: “Cumulative number refers to number of jurisdictions that had enacted feed-in policies as of the given year. “Total existing” discounts five countries that 
are known to have subsequently discontinued policies (Brazil, Mauritius, South Africa, South Korea, and the United States) and adds seven countries that are 
believed to have feed-in tariffs but with an unknown year of enactment (Honduras, Lesotho, Panama, Peru, Senegal, Tajikistan, and Uruguay). The U.S. PURPA 
policy (1978) is an early version of the feed-in tariff, which has since evolved. 
Source: See Endnote 13 for this section. 
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Table R14. cUMUlaTIVe nUMbeR Of cOUnTRIes/sTaTes/PROVInces enacTInG RPs/QUOTa POlIcIes

Year Cumulative # Countries/States/Provinces Added That Year

1983  1 Iowa (USA)

1994  2 Minnesota (USA)

1996  3 Arizona (USA)

1997  6 Maine, Massachusetts, and Nevada (USA)

1998  9 Connecticut, Pennsylvania, and Wisconsin (USA)

1999 12 New Jersey and Texas (USA); Italy

2000 13 New Mexico (USA)

2001 15 Flanders (Belgium); Australia

2002 18 California (USA); Wallonia (Belgium); United Kingdom

2003 21 Japan; Sweden; Maharashtra (India)

2004 34 Colorado, Hawaii, Maryland, New York, and Rhode Island (USA); Nova Scotia, Ontario, and Prince 
Edward Island (Canada); Andhra Pradesh, Karnataka, Madhya Pradesh, and Orissa (India); Poland

2005 38 District of Columbia, Delaware, and Montana (USA); Gujarat (India)

2006 39 Washington State (USA)

2007 44 Illinois, New Hampshire, North Carolina, and Oregon (USA); Northern Mariana Islands (USA)

2008 51 Michigan, Missouri, and Ohio (USA); Chile; India; Philippines; Romania

2009 52 Kansas (USA)

2010 55 British Columbia (Canada); South Korea; Puerto Rico (USA)

2011 56 Israel 

2012 58 China; Norway 

2013 
(early)

58

76 Total Existing

Note: “Cumulative number” refers to number of jurisdictions that had enacted RPS/Quota policies as of the given year. Jurisdictions are listed under 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. 
“Total existing” adds 18 jurisdictions believed to have RPS/Quota policies but whose year of enactment in not known (Indonesia, Kyrgyzstan, Lithuania, 
Malaysia, Palau, Portugal, Romania, Sri Lanka, United Arab Emirates, and the Indian states of Chhattisgarh, Haryana, Kerala, Punjab, Rajasthan, Tamil Nadu, 
Uttarakhand, Uttar Pradesh, and West Bengal). In the United States, there are 10 additional states/territories with policy goals that are not legally binding RPS 
policies (Guam, Indiana, North Dakota, Oklahoma, South Dakota, U.S. Virgin Islands, Utah, Vermont, Virginia, and West Virginia). Three additional Canadian 
provinces also have non-binding policy goals (Alberta, Manitoba, and Quebec). The Italian RPS is being phased out according to new directives from the govern-
ment but was still in place as of early 2013.
Source: See Endnote 14 for this section.
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Note: Mexico has a pilot E2 mandate in the city of Guadalajara. The Dominican Republic has a target of B2 and E15 for 2015 but has no current blending man-
date. Chile has a target of E5 and B5 but has no current blending mandate. Panama is planning the introduction of an ethanol mandate in 2013 at E4 in 2014, 
E7 in 2015, and E10 in 2016. Fiji approved voluntary B5 and E10 blending in 2011 with a mandate expected. The Kenyan city of Kisumu has an E10 mandate. 
Nigeria has a target of E10 but has no current blending mandate. Ecuador has set targets of B2 by 2014 and B17 by 2024; it also has an E5 pilot programme in 
several provinces. Table R15 lists only biofuel blend mandates, additional transportation and biofuel targets can be found in Table R12. 
Source: See Endnote 15 for this section.

Table R15. naTIOnal anD sTaTe/PROVIncIal bIOfUel blenD ManDaTes

Country Mandate

Angola E10

Argentina E5 and B7

Australia Provincial: E4 and B2 in New South Wales; E5 in Queensland

Belgium E4 and B4

Brazil E18–25 and B5

Canada National: E5 and B2. Provincial: E5 and B4 in British Columbia; E5 and B2 in Alberta; E7.5 and B2 in 
Saskatchewan; E8.5 and B2 in Manitoba; E5 in Ontario

China E10 in nine provinces

Colombia E8 

Costa Rica E7 and B20

Ethiopia E5

Guatemala E5

India E5

Indonesia B2.5 and E3

Jamaica E10 

Malawi E10

Malaysia B5

Mozambique E10 in 2012–2015; E15 in 2016–2020; E20 from 2021

Paraguay E24 and B1

Peru B2 and E7.8 

Philippines E10 and B2

South Africa E10

South Korea B2.5

Sudan E5

Thailand E5 and B5

Turkey E2

United States National: The Renewable Fuels Standard 2 (RFS2) requires 136 billion litres (36 billion gallons) of renew-
able fuel to be blended annually with transport fuel by 2022. State: E10 in Missouri and Montana; E9–10 in 
Florida; E10 in Hawaii; E2 and B2 in Louisiana; B4 by 2012, and B5 by 2013 (all by July 1 of the given year) 
in Massachusetts; E10 and B5, B10 by 2013, and E20 by 2015 in Minnesota; B5 after 1 July 2012 in New 
Mexico; E10 and B5 in Oregon; B2 one year after in-state production of biodiesel reaches 40 million gal-
lons, B5 one year after 100 million gallons, B10 one year after 200 million gallons, and B20 one year after 
400 million gallons in Pennsylvania; E2 and B2, increasing to B5 180 days after in-state feedstock and 
oil-seed crushing capacity can meet 3% requirement in Washington.

Uruguay B5; E5 by 2015

Vietnam E5

Zambia E10 and B5

Zimbabwe E5, to be raised to E10 and E15
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Table R16. cIT Y anD lOcal ReneWable eneRGY POlIcIes: selecTeD eXaMPles (cOnTInUeD)

Targets for Renewable Share of Energy, All Consumers 

Boulder, CO, USA 30% of total energy by 2020

Calgary, AB, Canada 30% of total energy by 2036

Cape Town, South Africa 10% of total energy by 2020

Fukushima Prefecture, Japan 100% of total energy by 2040 

Hamburg, Germany 20% of total energy by 2020; 100% by 2050

London, U.K. 25% of total energy by 2030

Nagano Prefecture, Japan 70% of total energy by 2050  

Paris, France 25% of total energy by 2020

Skellefteå, Sweden Net exporter of biomass, hydro, or wind energy by 2020

Targets for Renewable Share of Electricity, All Consumers 

Adelaide, Australia 15% by 2014

Amsterdam, Netherlands 25% by 2025; 50% by 2040 

Austin, TX, USA 35% by 2020

Cape Town, South Africa 15% by 2020 

Munich, Germany 100% by 2025

Nagano Prefecture, Japan 30% by 2050; 20% by 2030; 10% by 2020 

San Francisco, CA, USA 100% by 2020

Skellefteå, Sweden 100% by 2020

Taipei City, Taiwan 12% by 2020

Ulm, Germany 100% by 2025

Wellington, New Zealand 78–90% by 2020

Targets for Renewable Electric Capacity 

Adelaide, Australia 2 MW of solar PV on residential and commercial buildings by 2020

Los Angeles, CA, USA 1.3 GW of solar PV by 2020  

San Diego, CA, USA 50 MW renewable energy goal by 2013

San Francisco, CA, USA 100% of peak demand (950 MW) by 2020 

Targets for Government Own-Use Purchases of Renewable Energy

Bhubaneswar, India Reduce conventional energy use 15% by 2012 through the use of renewables and 
energy efficiency

Hepburn Shire, Australia 100% of own-use energy in public buildings; 8% of electricity for public lighting

Malmö, Sweden 100% of own-use energy by 2030

Portland, OR, USA 100% of own-use electricity by 2030

Surat, India 82% of own use electricity from non-conventional sources by 2014

Sydney, Australia 100% of own-use electricity in buildings; 20% for street lamps

Washington, DC, USA 100% of its own-use electricity in 2012
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Table R16. cIT Y anD lOcal ReneWable eneRGY POlIcIes: selecTeD eXaMPles (cOnTInUeD)

Heat-Related Mandates 

Amsterdam, Netherlands District heating for at least 200,000 houses by 2040 (using biogas, biomass, and 
waste heat) 

Chandigarh, India Mandatory use of solar water heating in industries, hotels, hospitals, jails, can-
teens, housing complexes, and government and residential buildings as of 2013

Los Angeles, CA, USA Solar-ready roofs and electric vehicle-ready components required for all new 
buildings (as of 2010)

Loures, Portugal Solar thermal systems mandated in all sports facilities and schools that have good 
sun exposure as of 2013

Munich, Germany Reduce heat demand 80% by 2058 (base 2009) through passive solar design 
(includes heat, process heat, and water heating)

Nantes, France Extend district heating system to source heat from biomass boilers for half of city 
inhabitants by 2017

Fossil Fuel Reduction Targets, All Consumers

Göteborg, Sweden 100% of total energy fossil fuel-free by 2050

Madrid, Spain 20% reduction in fossil fuel use by 2020

Rajkot, India 10% reduction in fossil fuel use by 2013

Seoul, South Korea 30% reduction in fossil fuel and nuclear energy use by 2030

Växjö, Sweden 100% of total energy fossil fuel-free by 2030

Vijayawada, India 10% reduction in fossil fuel use by 2018 

CO2 Emissions Reductions Targets, All Consumers

Aarhus, Denmark Carbon-neutral by 2030 

Bottrop, Germany Reduce 50% by 2020 (base 2010)

Chicago, IL, USA  Reduce 80% by 2050 (base 1990)

Copenhagen, Denmark  Reduce 20% by 2015; carbon-neutral by 2025

Dallas, TX, USA  Carbon-neutral by 2030

Göttingen, Germany  Reduce 50% by 2020; 100% by 2050

Hamburg, Germany  Reduce 40% by 2020; 80% by 2050 (base 1990)

Malmö, Sweden  Zero net emissions by 2020

Oslo, Norway  Reduce 50% by 2030 (base 1991); carbon-neutral by 2050

Seoul, South Korea  Reduce 30% by 2020 (base 1990)

Stockholm, Sweden  Reduce emissions to 3 tons per capita by 2015 (base 5.5 tons per capita in 1990)

Tokyo, Japan  Reduce 25% by 2020 (base 2000)

Toronto, ON, Canada  Reduce 80% by 2050; 30% by 2020 (base 1990)
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Table R16. cIT Y anD lOcal ReneWable eneRGY POlIcIes: selecTeD eXaMPles (cOnTInUeD)

Urban Planning

Glasgow, Scotland, U.K. ”Sustainable Glasglow” aims for a 30% reduction in CO2 by 2020 (base 2006) and 
breaks down emission reduction targets as follows: combined heat and power/ 
district heating: 9%; biomass: 2%; biogas and waste: 6%; other renewable energy: 
3%; transport: 3%; fuel switching: 3%; and energy management systems: 6%. The 
plan includes: all new buildings must access their heating from the district heating 
system or propose a lower carbon alternative; 76 GWh of annual wind generation; 
and fiscal incentives for low-carbon transport (biogas/EVs).

Hong Kong, China Target to become China’s “greenest region.” Strategy includes: limit the con-
tribution of coal to less than 10% of the electricity generation mix by 2020, and 
phase out existing coal plants by 2020–2030; invest in construction/operation of 
district cooling infrastructure to use seawater; meet power demand of 100,000 
households with biogas (from landfill and waste water) by 2020; install SWH on all 
government buildings and swimming pools; install wind turbines to meet 1–2% 
of total electricity demand by 2020; and achieve E10 and B10 by 2020. Also, 
raise awareness through: PV arrays on government buildings; website to provide 
information on renewable energy technology suitable for use in Hong Kong; and 
news/events, educational resources, and information on suppliers of renewable 
energy equipment in Hong Kong.   

Malmö, Sweden ”Climate Neutral by 2020” outlines a plan to transform the energy mix to mainly 
solar, wind, hydro, and biogas. The city also targets a decrease in per capita 
energy consumption of 20% by 2020 (baseline: average annual use during the 
period of 2001 to 2005). Key strategies include: expansion of district heating and 
cooling; development of 100% renewable energy districts; replacement of older 
vehicles with 100% ”green fleet”; and deployment of EV infrastructure.

Seoul, South Korea By 2030, Seoul targets: 20% total energy from renewables; 20% reduction in 
energy consumption; 40% reduction in greenhouse gas emissions (base 1990); 
1 million new green jobs by promoting 10 green technologies, including solar 
cells, waste recovery, and green buildings. To foster a domestic market, Seoul 
is providing, among other things: seed funding; capital loans; trust guarantees 
to small-medium size businesses; USD 100 million investment (20,000 USD per 
technology/year) in R&D by 2030; and support for overseas marketing. 

Sydney, Australia “Sustainable Sydney 2030” outlines how the city can significantly reduce green-
house gas emissions and take a holistic approach to planning. It targets a 70% 
reduction in emissions from 2006 levels by 2030 and a 25% renewable share of 
electricity by 2020. The city’s master plan will identify 15 “low-carbon zones” to 
be powered by biogas trigeneration plants; the development of a decentralised 
generation, transmission, and distribution network (infrastructure) to deliver 
power/heat/cooling with (bio) gas; a target for 360 MW of electricity from trigen-
eration using biogas by 2030; and 11 ”energy-plus” buildings in Central Park. 

Vancouver, BC, Canada “Greenest City 2020” is an action plan to achieve goals of zero carbon, zero waste, 
and healthy ecosystems by 2020. It consists of 10 smaller plans, each with a 
long-term goal and 2020 targets including: a carbon-neutral target for all buildings 
constructed from 2020 onward; financial incentives for the installation of SWH; EV 
charging stations in buildings; and a target to double the number of green jobs by 
2020 (over 2010 levels).

Yokohama, Japan “Yokohama Energy Vision” targets buildings, EVs, solar PV, wind, biomass, biogas, 
and SWH to reduce greenhouse gas emissions more than 30% per person by 
2020, and more than 80% by 2050 (base 1990). Includes mid-term targets: 1,300 
EVs, 4,000 smart meters, and 4,400 solar power systems deployed by 2013; sub-
sidies for SHW installations and EV purchases; low-interest loans for renewables 
and energy efficiency; and a pilot, Yokohama Smart City Project. 
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RefeRence Tables

Table R17. elecTRIcIT Y access bY ReGIOn anD cOUnTRY (cOnTInUeD)

Region/Country Electrification Rate People Without 
Access to Electricity

Target

Share (%) of  
population with access

Million Share (%)

All Developing Countries 76.0% 1,265

Africa 43.0% 590

North Africa 99.0% 1

Sub-Saharan Africa 30.0% 585

ECOWAS1 27.2% 173 k 100% by 2030

Developing Asia2 82.0% 628

China and East Asia 91.0% 182

South Asia 68.0% 493

Latin America 94.0% 29

Middle East 91.0% 18

Afghanistan 16.0% 23.8

Algeria 99.3% 0.2

Angola 26.2% 13.7

Argentina 95.0% 1.1

Bahrain 99.4% 0.0

Bangladesh3 46.0% 88.0 k 100% by 2021

Barbados 98.0% 0.005

Belize 96.2% 0.01

Benin 24.8% 6.7

Bolivia 71.2% 2.2

Botswana 55.0% 1.1 k 80% by 2016

Brazil 99.7% 3.3

Brunei 99.7 % 0.0

Burkina Faso 14.6% 12.6

Cambodia 24.0% 11.3

Cameroon 48.7% 10.0

Cape Verde 87.0% 64.0

Chile 99.5% 0.0

China4 ~100% 4.0 k 100% by 2015

Colombia 94.9 % 2.9

Costa Rica 99.2% 0.0

Côte d’Ivoire 47.3% 10

Cuba 97.0% 0.3

Democratic Republic of the Congo 15.0% 58

Dominican Republic 96.2% 0.4

Ecuador 93.4% 1.1

East Timor 22.0% 0.9

Egypt > 99.0 % 0.3

El Salvador 96.8% 0.8

Eritrea 32.0% 3.4

Ethiopia 23.0% 65 k 75% by 2015

Federated States of Micronesia5 4.0% (rural)

Gabon 36.7% 0.9

Ghana 70.0% 9.4
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Table R17. elecTRIcIT Y access bY ReGIOn anD cOUnTRY (cOnTInUeD)

Region/Country Electrification Rate People Without 
Access to Electricity

Target

Share (%) of  
population with access

Million Share (%)

Grenada 82.0%

Guatemala 84.4% 2.7

Guinea 15.0% 8

Guinea-Bissau 15.0% 1

Guyana 82.0%

Haiti 34.0% 6.2

Honduras 79.3% 2.2

India 75.0% 293 k 100% by 2017

Indonesia6 73.0% 63

Iran 98.4% 1.2

Iraq 86.0 % 4.1

Israel 99.7 % 0.0

Jamaica 96.8% 0.2

Jordan 99.0% 0.0

Kenya 18.0% 33

Kuwait 100% 0.0

Laos 55.0%

Lebanon 100% 0.0

Lesotho 16.0% 1.7

Liberia 15.0% 3

Libya 99.0% 0.0

Madagascar 19.0% 15.9

Malawi 1% (rural)
< 9% (national)

12.7 k 30% by 2020

Malaysia 99.4% 0.2

Mali 18.0% 13

Marshall Islands 100% (urban) k 95% (rural) by 2015

Mauritius 99.4% 0.0

Mexico 97.6%

Mongolia 67.0% 0.9

Morocco 97.0% 1.0

Mozambique 12.0% 20.2

Myanmar 13.0% 43.5

Namibia 34.0% 1.4

Nepal 10.0% 16.5 k 30% by 2030

Nicaragua 64.8% 1.6

Niger 8.0% 14

Nigeria 50.0% 79

Oman 98% 0.1

Pakistan 67.0% 56

Palestinian Territories7 99.4%

Panama 83.3% 0.4

Paraguay 98.4% 0.2
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RefeRence Tables

Table R17. elecTRIcIT Y access bY ReGIOn anD cOUnTRY (cOnTInUeD)

Region/Country Electrification Rate People Without 
Access to Electricity

Target

Share (%) of  
population with access

Million Share (%)

Peru 78.6% 4.2

Philippines6 83.0% 16.0

Qatar 98.7% 0.0

Rwanda k 16% by 2012

Saudi Arabia 99.0% 0.3

Senegal 42.0% 7.3

Sierra Leone 15.0% 5

Singapore 100% 0.0

South Africa 75.0% 12.3 k 100% by 2014

Democratic People's Republic of Korea 26.0%

South Sudan 1.0%

Sri Lanka 76.6% 4.8

Sudan 36.0% 27.1

Suriname 90.0%

Syria 99.8% (rural) 1.5

Tanzania 2% (rural)
15.0% (national)

38.0 k 30% (rural) by 2015

Thailand > 99% 0.5

Togo 22.0% 5.3

Trinidad and Tobago 92.0% 0.0

Tunisia 99.5% 0.1

Uganda 8.0% 29.0

United Arab Emirates 100% 0.0

Uruguay 99.8% 0.1

Venezuela 97.3% 0.3

Vietnam 98.0% 2.0

Yemen6 42.0% 14.2

Zambia 3.1% (rural)
47.6% (urban)

20.3% (national)

10.5 k 51% (rural)
k 90% (urban)
k  66% (national)  

by 2030

Zimbabwe 41.5% 7.3

1 ECOWAS is the Economic Community of West African States, comprising the 15 West African countries of Benin, Burkina Faso, Cape Verde, 
Côte d’Ivoire, Gambia, Ghana, Guinea, Guinea Bissau, Liberia, Mali, Niger, Nigeria, Senegal, Sierra Leone, and Togolese.
2 Developing Asia is divided as follows: China and East Asia includes Brunei, Cambodia, China, East Timor, Indonesia, Laos, Malaysia, 
Mongolia, Myanmar, Philippines, Singapore, South Korea, Taiwan, Thailand, Vietnam, and other Asian countries excluding South Asia; South 
Asia includes Afghanistan, Bangladesh, India, Nepal, Pakistan, and Sri Lanka.
3 Bangladesh electrification rate is defined by the government as the number of villages electrified: 50,000 villages out of a total 78,896.
4 China data calculated using 2011 official report of 5 million people with no access to electricity and total population of 1.3 billion.
5 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).
6 For Indonesia, Philippines, and Yemen, the rate is defined by the number of households with electricity connection.
7 Palestinian Territories rate is defined by number of villages connected to the national electricity grid.
Note: Rates and targets are national unless otherwise specified.
Source: See Endnote 17 for this section.
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Table R18. POPUlaTIOn RelYInG On TRaDITIOnal bIOMass fOR cOOKInG

Regions and Selected Countries Population

Percent Millions

Africa 68% 698

Nigeria 74% 117

Ethiopia 96% 82

Democratic Republic of the Congo 93% 63

Tanzania 94% 42

Kenya 80% 33

Other Sub-Saharan Africa 75% 328

North Africa 1% 2

Developing Asia1 51% 1,814

India 66% 772

Bangladesh 91% 149

Indonesia 55% 128

Pakistan 64% 111

Philippines 50% 47

Vietnam 56% 49

Rest of Developing Asia 54% 171

Latin America 14% 65

Middle East 5% 10

All Developing Countries 49% 2,558

World2 38% 2,588

1 Developing Asia is divided as follows: China and East Asia includes Brunei, Cambodia, China, East 
Timor,  Indonesia, Laos,  Malaysia., Mongolia, Myanmar,  the Philippines,  Singapore,  South Korea, Taiwan, 
Thailand, Vietnam, and other Asian countries excluding South Asia; South Asia includes Afghanistan, 
Bangladesh, India, Nepal, Pakistan, and Sri Lanka.
2 Includes countries in the OECD and in Eastern Europe/Eurasia. 
Source: See Endnote 18 for this section.
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Notes

NOTE ON ACCOUNTING AND 
REPORTING

A number of issues arise when accounting for and reporting 
renewable energy capacities and output. Several of these 
issues are discussed below, along with some explanation and 
justification for the approaches chosen in this report.

1. CAPACIT Y VERSUS ENERGY DATA 
This report aims to give accurate estimates of capacity additions 
and totals, as well as energy generation. Both are subject to 
uncertainty, with the level of uncertainty differing from technol-
ogy to technology. The section on Global Markets and Industry 
by Technology includes estimates for energy produced where 
possible but focuses mainly on electric power or thermal capac-
ity data. This is because capacity data can be estimated with a 
greater degree of certainty. Actual heat and electricity genera-
tion figures are usually available only 12 months or more after 
the fact, and sometimes not at all. In addition, capacity data 
better mimic investment trends over time. (For a better sense of 
average energy production from a specific technology or source 
in a given environment, see capacity factors in Table 2.) 

2.  CONSTRUCTED CAPACIT Y VERSUS CONNECTED 
CAPACIT Y AND OPERATIONAL CAPACIT Y

Over the past few years, the solar PV and wind power markets 
have seen increasing amounts of capacity that was connected 
but not yet deemed officially operational, or constructed capac-
ity that was not connected to the grid by year-end (and, in turn, 
capacity that was installed in one year and connected to the 
grid during the next). This phenomenon has been particularly 
evident from 2009 to 2012 for wind power installations in China. 
This has increasingly also been the case with solar PV, notably 
in Belgium, France, Germany, and Italy in recent years. Various 
sources use different timelines and methodologies for counting. 

Further, differences in figures for constructed, connected, and 
operational capacities are temporal and are also due to the 
rapid pace of deployment. In some cases, installations have 
kept well ahead of the ability, willingness, and/or legal obliga-
tion of grid connection, and/or have overshot official capacity 
limits. This situation will likely continue to make detailed annual 
statistics collection problematic in the fastest growing markets, 
and for as long as frequent changes to support frameworks and/
or technical and legal frameworks for grid connection remain 
under discussion.

In past editions, the Renewables Global Status Report focused 
primarily on constructed capacity because it best correlates 
with flows of capital investments during the year. Starting with 
the 2012 edition, and particularly for the solar PV and wind 
power sections, the focus began shifting to capacity that has 
become operational—defined as connected and feeding 
electricity into the grid, or generating electricity if off-grid instal-
lations—during the calendar year (January to December), even 
if some of this capacity was installed during the previous year. 

The reason for this is the sources that the GSR draws from often 
have varying methodologies for counting installations, and most 

METhODOLOGICAL NOTES

This 2013 report edition follows seven previous editions 
of the Renewables Global Status Report (produced since 
2005, with the exception of 2008). While the knowledge 
base of information used to produce these reports con-
tinues to expand with each passing year, along with the 
renewables industries and markets themselves, readers 
are directed to the previous report editions for historical 
details and elaborations that have formed the foundation 
for the present report.

Most 2012 data for national and global capacity, growth, 
and investment portrayed in this report are preliminary 
and are rounded as appropriate. Where necessary, 
information and data that are conflicting, partial, or 
older are reconciled by using reasoned judgment and 
historical growth trends. Endnotes provide additional 
details, including references, supporting information, and 
assumptions where relevant. 

Each edition draws from hundreds of published refer-
ences, a variety of electronic newsletters, numerous 
unpublished submissions from report contributors 
from around the world, personal communications with 
experts, and websites. 

Generally, there is no single exhaustive source of informa-
tion for global renewable energy statistics. Some global 
aggregates must be built from the bottom up, adding or 
aggregating individual country information. Relatively 
little material exists that covers developing countries 
as a group, for example. The latest data available for 
developing countries are often some years older than 
data for developed countries, and thus extrapolations to 
the focus year have to be made from older data, based 
on assumed and historical growth rates. More precise 
annual increments are generally available only for wind, 
solar PV, and solar water collector capacity, as well as 
biofuels production.

The GSR endeavours to accurately cover all renewable 
energy sources on a global level and to provide the best 
data available. Data should not be compared with prior 
versions of this report to obtain year-by-year increases 
as some adjustments are due to improved or adjusted 
statistics rather than to actual capacity changes. 
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official bodies report grid connection statistics, at least with 
regard to solar PV. As a result, in many countries the data for 
actual installations are becoming increasingly difficult to obtain. 
Some renewable industry groups, including the European 
Photovoltaic Industry Association and the Global Wind Energy 
Councili, have shifted to tracking and reporting on operational/
grid-connected rather than installed capacities.

As a result, some solar PV capacity that was installed in 2011 
is counted as newly connected capacity in 2012; and some 
capacity installed during 2012 that was not operational/
grid-connected by year-end will not be counted until 2013. This 
can have an impact on reported annual global growth rates, 
as well as on national data from year to year. The situation with 
wind power in China for 2010–12 has been somewhat different 
from solar PV in that, even though a significant amount of new 
capacity was not yet commercially certified by year-end,  most 
installed capacity was connected and feeding power into the 
grid. The situation in China is not likely to persist due to recent 
changes in permitting regulations.

3. BIOMASS POWER CAPACIT Y 
This report strives to provide the best and latest available 
data regarding biomass energy developments given existing 
complexities and constraints (see Sidebar 2 in GSR 2012). The 
reporting of biomass-fuelled combined heat and power (CHP) 
systems varies among countries, which adds to the challenges 
experienced when assessing total heat and electricity capac-
ities and bioenergy outputs. Wherever possible, the total bio-
power data presented include capacity and generation from 
both electricity-only and CHP systems using solid biomass, 
landfill gas, biogas, and liquid biofuels as well as the portion 
of electricity generated from biomass fuels when co-fired with 
coal or natural gas. 

In past editions of this report, the energy derived from incin-
eration of the “biogenic”ii or “organic” share of municipal solid 
waste (MSW) was not included in the main text and tables 
(although where official data were specified, they were included 
in relevant endnotes). Starting with the 2012 edition of the GSR, 
capacity and output are included in the main text as well as in 
the global biomass power data presented in Reference Tables 
R1 and R2. This change was due to the fact that international 
databases (e.g., from the IEA, U.S. EIA, and EU) now track and 
report the biogenic portion of MSW separately from other MSW. 
Note that definitions vary slightly from one source to another, 
and it is not possible to ensure that all reported biogenic/
organic MSW falls under the same definition. 

4.  hYDROPOWER DATA AND TREATMENT OF PUMPED 
STORAGE 

Starting with the 2012 edition, the GSR attempts 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. As such, it involves 
conversion losses and is potentially fed by all forms of energy, 
renewable and non-renewable. (As noted in Sidebar 3, pumped 
storage can play an important role as balancing power, in 
particular when a large share of variable renewable resources 
appears in the generation mix.) 

This method of accounting is accepted practice by the 
industry. Reportedly, the International Journal of Hydropower 
and Dams does not include pumped storage in its capacity 
data; the German Environment Ministry (BMU) does not report 
pumped storage capacity with its hydropower and other 
renewable power capacities; and the International Hydropower 
Association is working to track and report the numbers 
separately as well. 

In this and the 2012 edition, the removal of pumped storage 
capacity data from hydropower statistics has a substantial 
impact on reported global hydropower capacity, and therefore 
also on total global renewable electric generating capacity rela-
tive to past editions of the GSR. As a result, the global statistics 
in this and the 2012 report should not be compared with prior 
data for total hydropower and total generating capacity. (Note, 
however, that the capacity number for 2010 in the Selected 
Indicators Table on page XX of this report accounts for this 
change in methodology.) Data for non-hydro renewable capac-
ity remain unaffected by this change. For future editions of the 
GSR, ongoing efforts are being made to further improve data.

i For example, see European Photovoltaic Industry Association, Global Market Outlook for Photovoltaics 2013-2017 (Brussels: May 2013). Also, the Global Wind 
Energy Council (GWEC) reported 569 MW of cumulative installed capacity in Mexico at the end of 2011, with an annual market of only 50 MW, even though an ad-
ditional 304 MW were completed by year-end, because this capacity was not fully grid-connected until early 2012; see GWEC, Global Wind Report, Annual Market 
Update 2011 (Brussels: 2012).

ii The U.S. Energy Information Administration (EIA) defines biogenic waste as “paper and paper board, wood, food, leather, textiles and yard trimmings” (see 
http://205.254.135.7/cneaf/solar.renewables/page/mswaste/msw.html) and reports that it “will now include MSW in renewable energy only to the extent that the 
energy content of the MSW source stream is biogenic” (see www.eia.gov/cneaf/solar. renewables/page/mswaste/msw_report.html). A report from the IEA Bioen-
ergy Task 36 defines biogenic waste as “food and garden waste, wood, paper and to a certain extent, also textiles and diapers” (see www.ieabioenergytask36.org/
Publications/2007-2009/ Full_report_Final_hres.pdf).
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Glossary

GLOSSARY

ABSORPTION ChILLERS. Chillers that use heat energy from any 
source (solar, biomass, waste heat, etc.) to drive air-condi-
tioning or refrigeration systems. The heat source replaces 
the electric power consumption of a mechanical compressor. 
Absorption chillers differ from conventional (vapor compres-
sion) cooling systems in two ways: the absorption process is 
thermo-chemical in nature rather than mechanical; and water 
is circulated as a refrigerant, rather than chlorofluorocarbons 
(CFCs) or hydro chlorofluorocarbons (HCFCs), also called Freon. 
The chillers are generally supplied with district heat, waste 
heat, or heat from cogeneration, and they can operate with heat 
from geothermal, solar, or biomass resources.

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. 

BIOENERGY. Energy derived from any form of biomass, including 
bio-heat, bio-power, and biofuel. Bio-heat arises from the com-
bustion of solid biomass (such as dry fuelwood) or other liquid 
or gaseous energy carriers. The heat can be used directly or 
used to produce bio-power by creating steam to drive engines 
or turbines that drive electricity generators. Alternatively, 
gaseous energy carriers such as biomethane, landfill gas, or 
synthesis gas (produced from the thermal gasification of bio-
mass) can be used to fuel a gas engine. Biofuels for transport 
are sometimes also included under the term bioenergy (see 
Biofuels).

BIOFUELS. A wide range of liquid and gaseous fuels derived from 
biomass. Biofuels—including liquid fuel ethanol and biodiesel, 
as well as biogas—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 sustainably produced non-food biomass sources 
using technologies that are still in the pilot, demonstration, or 
early commercial stages. One exception is hydro-treated vege-
table oil (HVO, where hydrogen is used to remove oxygen from 
the oils to produce a hydrocarbon fuel more similar to diesel), 
which is now produced commercially in several plants.

BIOGAS/BIOMEThANE. Biogas is a gaseous mixture consisting 
mainly of methane and carbon dioxide produced by the anaer-
obic digestion of organic matter (broken down by micro-or-
ganisms 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 can also be 
transformed into biomethane through a simple process known 
as scrubbing that removes impurities including carbon dioxide, 
siloxanes, and hydrogen sulphides. 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 available for conversion to a wide 
range of convenient energy carriers. These can take many 
forms, including liquid biofuels, biogas, biomethane, pyrolysis 
oil, or solid biomass pellets.

BIOMASS PELLETS. Solid biomass fuel produced by compressing 
pulverised dry biomass, such as waste wood and agricultural 
residues. Torrefied pellets produced by heating the biomass 
pellets have higher energy content per kilogram, as well as 
better grindability, water resistance, and storability. Pellets 
are typically 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 combined heat and power.

BRIqUET TES. Blocks of flammable matter made from solid 
biomass fuels, including cereal straw, that are compressed in 
a process similar to the production of wood pellets. They are 
physically much larger than pellets, with a diameter of 50–100 
millimetres and a length of 60–150 millimetres. They are less 
easy to handle automatically but can be used as a substitute for 
fuelwood logs.

CAPACIT Y. The rated capacity of a heat or power generating 
plant 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 elec-
tricity to the grid, providing useful heat, or producing biofuels).

CAPACIT Y 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 govern-
ment-owned bank.

COMBINED hEAT AND POWER (ChP) (also called cogeneration). 
CHP facilities produce both heat and power from the combus-
tion of fossil and/or biomass fuels, as well as from geothermal 
and solar thermal resources. The term is also applied to plants 
that recover “waste heat” from thermal power-generation 
processes.

CONCENTRATING PhOTOVOLTAICS (CPV). Technology that uses 
mirrors or lenses to focus and concentrate sunlight onto a rel-
atively small area of photovoltaic cells that generate electricity 
(see Solar photovoltaics). Low-, medium-, and high-concen-
tration CPV systems (depending on the design of reflectors or 
lenses used) operate most efficiently in concentrated, direct 
sunlight. 
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CONCENTRATING SOL AR 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 tech-
nologies 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. These high temperatures make thermal 
energy storage simple, efficient, and inexpensive. The addition 
of storage—using a fluid (most commonly molten salt) to store 
heat—usually gives CSP power plants the flexibility needed for 
reliable integration into a power grid.

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%.

DISTRIBUTED GENERATION. Generation of electricity from 
dispersed, generally small-scale systems that are close to the 
point of consumption.

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 deliv-
ered to end-use facilities (such as electricity to an electrical 
outlet), where it becomes usable energy and can provide 
services such as lighting, refrigeration, etc. When primary 
energy is converted into useful energy there are always losses 
involved. 

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, cooperative, NGO, or private 
company, and typically installs energy systems on or near cus-
tomer sites. An ESCO can also advise on improving the energy 
efficiency of systems (such as a building or an industry) as well 
as methods for energy conservation and energy management.  

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. 

EThANOL (FUEL). A liquid fuel made from biomass (typically 
corn, sugar cane, or small cereals/grains) that can replace 
gasoline in modest percentages for use in ordinary spark-ig-
nition 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.” Note that some ethanol production is used 
for industrial, chemical, and beverage applications and not for 
fuel.

FEE-FOR-SERVICE MODEL . An arrangement to provide consumers 
with an electricity service, in which a private company retains 
ownership of the equipment and is responsible for maintenance 
and for providing replacement parts over the life of the service 
contract. A fee-for-service model can be a leasing or ESCO 
model.  

FEED-IN TARIFF (also called feed-in policy, or FIT). A policy 
that (a) sets a fixed, guaranteed price over a stated fixed-term 
period when renewable power can be sold and fed into the 
electricity network, and (b) usually guarantees grid access to 
renewable electricity generators. Some policies provide a fixed 
tariff whereas others provide fixed premium payments that 
are added to wholesale market- or cost-related tariffs. Other 
variations exist, and feed-in tariffs for heat are evolving.

FISCAL INCENTIVE. An economic incentive that provides actors 
(individuals, households, companies) with a reduction in their 
contribution to the public treasury via income or other taxes, 
or with direct payments from the public treasury in the form of 
rebates or grants.

GENERATION. The process of converting energy into electricity 
and/or useful heat from a primary energy source such as wind 
energy, solar energy, natural gas, biomass, etc.

GEOThERMAL ENERGY. Heat energy emitted from within the 
Earth’s crust, usually in the form of hot water or steam. It can 
be used to generate electricity in a thermal power plant or to 
provide heat directly at various temperatures for buildings, 
industry, and agriculture.

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 (RECs, 
also called green tags or 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.

GRID PARIT Y. Occurs when the levelised cost of energy (LCOE) 
of an electricity source (e.g., solar PV) becomes equal to or less 
than the retail price of electricity from the grid. 

hEAT PUMP. A device that transfers heat from a heat source 
to a heat sink using electricity to drive the transfer, using a 
refrigeration cycle. It can use the ground, a body of water, or 
the surrounding air as a heat source in heating mode, and as a 
heat sink in cooling mode. A heat pump can extract energy in 
several multiples of the electrical energy input, depending on 
its inherent efficiency and operating condition.

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, reser-
voir-based capacity, and low-head in-stream technology (the 
least developed). Hydropower covers a continuum in project 
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scale from large (usually defined as more than 10 MW installed 
capacity, but the definition varies by country) to small, mini, 
micro, and pico.

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 
construction of wind farms, 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 TA x CREDIT. A taxation measure that allows invest-
ments in renewable energy to be fully or partially deducted from 
the tax obligations or income of a project developer, industry, 
building owner, etc.

JOULE/KILOJOULE/MEGAJOULE/GIGAJOULE/ TERAJOULE/
PETAJOULE/E x AJOULE. A Joule (J) is a unit of work or energy 
equal to the energy expended to produce one Watt of power 
for one second. For example, one Joule is equal to the energy 
required to lift an apple straight up by one metre. The energy 
released as heat by a person at rest is about 60 J per second. 
A kilojoule (kJ) is a unit of energy equal to one thousand (103) 
Joules; a megajoule (MJ) is one million (106) Joules; and so on. 
The potential chemical energy stored in one barrel of oil and 
released when combusted is approximately 6 GJ; a tonne of dry 
wood contains around 20 GJ of energy.

LEASING OR LEASE-TO-OWN. A fee-for-service arrangement in 
which a leasing company (generally an intermediary company, 
cooperative, or NGO) buys stand-alone renewable energy 
systems and installs them at customer sites, retaining owner-
ship until the customer has made all payments over the lease 
period. Because the leasing periods are longer than most 
consumer finance terms, the monthly fees can be lower and the 
systems affordable to a larger segment of the population.

LEVELISED COST OF ENERGY (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.

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 or a stated amount of 
capacity. Costs are generally 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 require-
ments; and requirements for blending biofuels into transport 
fuel. 

MARKET CONCESSION MODEL . A model in which a private 
company or NGO 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. 

MODERN BIOMASS ENERGY. Energy derived efficiently from solid, 
liquid, and gaseous biomass fuels for modern applications, 
such as space heating, electricity generation, combined heat 
and power, and transport (as opposed to traditional biomass 
energy). 

NET METERING. A regulated arrangement in which utility custom-
ers who have installed their own generating systems pay only 
for the net electricity delivered from the utility (total consump-
tion minus on-site self-generation). A variation that employs 
two meters with differing tariffs for purchasing electricity and 
exporting excess electricity off-site is called “net billing.” 

OCEAN ENERGY. Energy captured from ocean waves (generated 
by wind passing over the surface), tides, salinity gradients, and 
ocean temperature differences. Wave energy converters cap-
ture 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 flow in and out.

POWER. The rate at which energy is converted per unit of time, 
expressed in Watts (Joules/second). 

PRODUCTION TA x CREDIT. A taxation measure that provides the 
investor or owner of a qualifying property or facility with an 
annual tax credit based on the amount of renewable energy 
(electricity, heat, or biofuel) generated by that facility.

PUBLIC COMPETITIVE BIDDING (also called auction or tender). 
A procurement mechanism by which public authorities solicit 
bids for a given amount of renewable energy supply or capac-
ity, generally based on price. Sellers offer the lowest price 
they would be willing to accept, but typically at prices above 
standard market levels. 

PUMPED STORAGE hYDROPOWER. Plants that pump water from a 
lower reservoir to a higher storage basin using surplus electric-
ity, and 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%.

REGUL ATORY 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, feed-in tariffs, biofuel blending mandates, 
and renewable heat 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 sys-
tems 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. Some targets are legislated while others are 
set by regulatory agencies or ministries.

RENEWABLE PORTFOLIO STANDARD (RPS) (also called renewable 
obligation or quota). A measure requiring that a minimum 
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percentage of total electricity or heat sold, or generation capac-
ity installed, be provided using renewable energy sources. 
Obligated utilities are required to ensure that the target is met; if 
it is not, a fine is usually levied.

SMART ENERGY SYSTEM. A smart energy system 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 equip-
ment, 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 commu-
nications 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 environ-
mental impacts, and maximising system reliability, resilience, 
and stability.

SOL AR 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 swim-
ming 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.

SOL AR hOME SYSTEM (ShS). A stand-alone system composed 
of a relatively small photovoltaic (PV) module, 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. 

SOL AR PhOTOVOLTAICS (PV). A technology used for converting 
solar radiation (light) into electricity. PV cells are constructed 
from semi-conducting materials that use sunlight to separate 
electrons from atoms to create an electric current. Modules 
are formed by interconnecting individual solar PV cells. 
Monocrystalline modules are more efficient but relatively more 
expensive than polycrystalline silicon modules.. 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) replaces conventional 
materials in parts of a building envelop, such as the roof or 
façade.

SOL AR 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 W 
that typically has a voltage up to 12 volt.

SOL AR WATER hEATER (SWh). An entire system—consisting of 
a solar collector, storage tank, water pipes, and other compo-
nents—that converts the sun’s energy into “useful” thermal 
(heat) energy for domestic water heating, space heating, pro-
cess heat, etc. Depending on the characteristics of the “useful” 
energy demand (potable water, heating water, drying air, etc.) 
and the desired temperature level, a solar water heater is 
equipped with the appropriate solar collector. 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 thermosiphon solar 
water heaters make use of buoyancy forces caused by natural 
convection (passive systems).

SUBSIDIES. Government measures that artificially reduce the 
price that consumers pay for energy or reduce production 
costs. 

TRADITIONAL BIOMASS. Solid biomass—including agricultural 
residues, animal dung, forest products, and gathered fuel-
wood—that is often used unsustainably and combusted in 
inefficient and usually polluting open fires, stoves, or furnaces 
to provide heat energy for cooking, comfort, and small-scale 
agricultural and industrial processing, typically in rural areas of 
developing countries (as opposed to modern biomass energy).

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.

WAT T/KILOWAT T/MEGAWAT T/GIGAWAT T/ TERAWAT T-hOUR. A Watt 
is a unit of power that measures the rate of energy conversion 
or transfer. A kilowatt is equal to one thousand (103) Watts; a 
megawatt to one million (106) Watts; and so on. A megawatt 
electrical (MW) is used to refer to electric power, whereas 
a megawatt thermal (MWth) refers to thermal/heat energy 
produced. Power is the rate at which energy is consumed or 
generated. For example, a lightbulb with a power rating of 100 
Watts (100 W) that is on for one hour consumes 100 Watt-hours 
(100 Wh) of energy, which equals 0.1 kilowatt-hour (kWh), or 
360 kilojoules (kJ). This same amount of energy would light 
a 100 W light bulb for one hour or a 25 W bulb for four hours. 
A kilowatt-hour is the amount of energy equivalent to steady 
power of 1 kW operating for one hour.
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ENERGY UNITS AND CONVERSION FACTORS

ENERGY UNIT CONVERSION 

METRIC PREFIxES

kilo (k) = 103

mega (M) = 106

giga (G) = 109

tera (T) = 1012

peta (P) = 1015

exa (E) = 1018

  Example:  1 TJ = 1,000 GJ = 1,000,000 MJ = 1,000,000,000 kJ = 1,000,000,000,000 J = 1012 J

   1 J = 0.001 MJ = 0.000001 GJ = 0.000000001 TJ

hEAT OF COMBUSTION (hIGh hEAT VALUES)

1 l gasoline  = 47.0 MJ/kg = 35.2 MJ/l (density 0.75 kg/l)

1 l ethanol  = 29.7 MJ/kg = 23.4 MJ/l (density 0.79 kg/l)

1 l diesel  = 45.0 MJ/kg = 37.3 MJ/l (density 0.83 kg/l)

1 l biodiesel  = 40.0 MJ/kg = 35.2 MJ/l (density 0.88 kg/l)

  Note: 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.

SOLAR ThERMAL hEAT SYSTEMS

1 million m²   =    0.7 GWth

Used where solar thermal heat data have been converted 
from square metres (m²) into gigawatts thermal (GWth), by 
accepted convention.

VOLUME

1 m3  = 1,000 litres (l)

1 U.S. gallon  = 3.78 l

1 Imperial gallon = 4.55 l

Toe =  tonnes oil equivalent 

1 Mtoe  =  41.9 PJ
multiply by: GJ Toe MBtu MWh

GJ  1 0.024 0.948 0.278

Toe  41.868 1 39.683 11.630

MBtu  1.055 0.025 1 0.293

MWh  3.600 0.086 3.412 1
  Example:  1 MWh  x  3.600  =  3.6 GJ
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LIST OF ABBREVIATIONS
BIPV Building-integrated solar photovoltaics

BNEF Bloomberg New Energy Finance

BOS Balance of system

BRICS Brazil, Russia, India, China, and South Africa

CDM Clean Development Mechanism

CHP Combined heat and power

CO2 Carbon dioxide

CPV Concentrating solar photovoltaic

CSP  Concentrating solar (thermal) power

DSM  Demand-side management

ECOWAS  Economic Community of West African States

ECREEE Centre for Renewable Energy and Energy Efficiency 

EEG  German Renewable Energy Law – 
 “Erneuerbare-Energien-Gesetz“

EMEC European Marine Energy Centre

EPA U.S. Environmental Protection Agency 

ESCO Energy service company

EU European Union (specifically the EU-27)

EV Electric vehicle

FIT Feed-in tariff

FPIC Free, Prior and Informed Consent

FUNAE Mozambican Energy Fund – “Fundo de Energia“

GACC Global Alliance for Clean Cookstoves

GEF Global Environment Facility 

GFR Global Futures Report 

GHG  Greenhouse gas 

GHP Ground-source heat pump  

GSR  Renewables Global Status Report   

GW/GWh Gigawatt/gigawatt-hour

HSAP Hydropower Sustainability Assessment Protocol

IEA International Energy Agency 

IFC International Finance Corporation

IPCC Intergovernmental Panel on Climate Change 

IRENA International Renewable Energy Agency

kW/kWh  Kilowatt/kilowatt-hour 

LED Light-emitting diode 

LCOE Levelised Cost of Energy 

m2  Square metre

MENA  Middle East and North Africa 

MFI  Microfinance institution 

MSW Municipal solid waste

mtoe Million tonnes of oil equivalent 

MW/MWh Megawatt/megawatt-hour 

NGO Non-governmental organisation

NREAP National Renewable Energy Action Plan

OECD Organisation for Economic Co-operation  
 and Development

PPP Public-private partnership 

PTC Production Tax Credit 

PV  Solar photovoltaics   

RPS  Renewable portfolio standard  

SHS Solar home system

SPS  Solar pico system (Pico PV)

SWH Solar water heater/heating   

TW/TWh Terawatt/terawatt-hour

UNIDO United Nations Industrial Development Organization

Wp Watt-peak (nominal power)

WTO World Trade Organization
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