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CHAPTER 4: renewable Energy
One of the three objectives of the UN Secretary General under the Sustainable Energy for
All (SE4ALL) initiative is to double the share of renewable energy in the global energy mix
by 2030, with an emphasis on promoting sustainable forms of renewable energy.
This chapter proposes a methodology for establishing a starting point against which future
global progress can be measured and provides an indicator framework for tracking that
progress. The chapter also describes global trends in renewable energy and discusses
market growth, barriers, high-impact opportunities, as well as future scenarios and the
scale of the challenge.

Section 1: Methodological challenges in
defining and measuring renewable energy
There are various definitional and methodological challenges in measuring and tracking the share of renewable energy in
the global energy mix:

}}

Defining renewable energy, taking into account sustainability considerations

}}

Data availability, collection, and management issues

}}

Determining what convention to use for measuring the share of renewables in the global energy mix

}}

Measuring other relevant indicators

Defining renewable energy
While there is a broad consensus among international
organizations, government institutions, and regional commissions on what constitutes renewable energy, these
groups employ legal or formal definitions that vary slightly
in the types of resources and sustainability considerations
included.
The International Renewable Energy Agency (IRENA) has a
statutory definition, ratified by 108 members (107 states and
the European Union) as of February 2013: “renewable energy includes all forms of energy produced from renewable
sources in a sustainable manner, including bioenergy, geothermal energy, hydropower, ocean energy, solar energy
and wind energy.”
The International Energy Agency (IEA) defines renewable energy resources as those “derived from natural
processes” and “replenished at a faster rate than they are
consumed” (IEA 2002, OECD, IEA and Eurostat, 2005).
The IEA definition of renewable energy includes the following sources: “electricity and heat derived from solar, wind,
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ocean, hydropower, biomass, geothermal resources, and
biofuels and hydrogen derived from renewable resources”
(IEA 2002).
These definitions vary in the type of sources included and
in whether sustainability considerations are explicitly incorporated. These differences illustrate the fact that there is
no common or global definition of renewable energy.
For the purposes of the SE4ALL tracking framework, it
is recommended that the definition of renewable energy
specify the range of sources to be included, embrace the
notion of natural replenishment, and espouse sustainability. But data are not currently available to distinguish
whether renewable energy – notably biomass – has been
sustainably produced. Until adequate data become available, it is thus recommended that renewable energy be
defined and tracked without the application of specific
sustainability criteria. The SE4ALL initiative will support the
strengthening of methodologies for tracking sustainability
across all renewable energy sources.

Ensuring sustainability
It is clear that the SE4ALL initiative should encourage
renewable energy where this contributes to overall
sustainable development, taking into account all three
pillars of sustainability—environmental, economic, and
social. In general, the renewable technologies score high in
terms of sustainability criteria, but energy production from
these sources inevitably has both positive and negative
environmental, economic, and social impacts, which must
be carefully managed. These considerations are most

pronounced in the case of bioenergy and hydropower,
but are also relevant to the widespread deployment of
other technologies. Assessment methodologies and
best practice guidelines that can be used to manage
these impacts are often available at the national level.
But there are no internationally accepted sustainability
criteria covering the major technologies, and it is therefore
very difficult to distinguish between sustainable and lesssustainable deployment.

Bioenergy
Bioenergy is a very complex field; concerns associated
with the sustainability of its production and use require a
case-by-case assessment, considering feedstock, location, production methods, land use, conversion pathways,
infrastructure, and so on. These concerns span all types of
bioenergy, from traditional uses of biomass in the residential sector to bioenergy used in the transport sector and
power generation, across the three pillars of sustainability.
For example, the greenhouse gas (GHG) balance needs
to be carefully evaluated on a case-by-case basis with
proper assessment of the full life cycle of GHG emissions,
from land use conversion to end use. There are some unresolved methodological issues, such as how to account
for the indirect impacts of bioenergy production on land
use (that is, indirect land use change, ILUC). Potential economic and social impacts, including on food security, must
also be carefully considered. Substantial progress has
been made in identifying the key sustainability issues and
creating methodologies for impact assessment, notably
through the work of UN Energy 1 and the Global Bioenergy
Partnership (GBEP).2 The GBEP has established international consensus around sustainability indicators for bioenergy. While the inclusion of sustainability considerations for
bioenergy is still under development in the legal and regulatory regimes of many countries, improved frameworks
are beginning to emerge.
Bioenergy provides around 14 percent of global energy
consumption. Some 70 percent of this biomass energy is
believed to be consumed in developing countries for cooking and heating with open fires and very inefficient stoves,
the traditional uses of biomass. It is widely recognized that
these uses, including the inefficient production and use of
charcoal, lead to deforestation and are closely linked to
indoor air pollution (Goldemberg 2004).
1
2
3

But biomass can also be used to produce household-level
energy more efficiently via improved cooking and heating
appliances. It can also be used to produce heat efficiently
for commercial and industrial needs, as well as electricity
and transport fuels. Ambitious renewable energy scenarios
rely heavily on these “modern” forms of bioenergy use to
meet their goals, but some also recognize that traditional
uses of biomass will continue to be an important energy
source for many people for some time to come. Indeed,
it is not possible to distinguish, using available data, the
extent to which bioenergy is used by modern or traditional conversion methods, at least as far as the residential
sector is concerned. For example, in some IEA analysis
it is assumed that the use of bioenergy in the residential
sector of non-OECD (Organisation for Economic Co-operation and Development) countries is made up of “traditional biomass,” whereas in the OECD countries it counts as
modern bioenergy. This is obviously a simplification given
the fact that informal use of wood fuels in low-efficiency
appliances also occurs in many OECD countries.3 Clearer
criteria are needed. For example, should the use of biomass in an improved stove be counted as “sustainable”
use? In addition, data on household use of biomass for
fuel is difficult to establish with any precision, with different methodologies and estimates providing a range of
differing results. Within the monitoring process associated with the SE4ALL initiative, it would clearly be desirable
to distinguish between “sustainable” and “unsustainable”
bioenergy use. While the GBEP framework of sustainability indicators would provide a good basis for making this
distinction, no internationally accepted standards based
on these indicators have yet been developed. Given the
additional difficulties of collecting appropriate information
in the field, such distinctions are not feasible at this stage.

UN Energy Bioenergy Decision Support Tool at http://www.bioenergydecisiontool.org.
http://www.globalbioenergy.org.
Note that it is possible to estimate traditional biomass use based on data from national household surveys. But this approach require assumptions on a set of
issues; for example, these surveys report on what is the primary fuel being used by households but do not provide volume or quantity or the actual total level of fuel
household consumption. Thus, the proportion of primary fuel could vary widely depending on the number and extent of consumption of other fuels used. Also, the
actual household consumption needs to be assumed.
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Since it is not currently possible to distinguish consistently
between the sustainable and less-sustainable ways of using bioenergy (including traditional biomass) the SE4ALL

initiative will track all types of bioenergy uses. But progress
toward the target should be monitored in as disaggregated
a manner as the data allow so that trends can be assessed.

Hydropower
There is a degree of international consensus around sustainability considerations for hydropower. For example,
the IEA Hydropower Agreement published guidelines on
“Hydropower and the Environment” in 2000, which were
updated in 2010 (IEA 2000; 2010). The World Commission
on Dams also produced a “Decision Making Framework”
to guide planners in protecting people from the negative
impacts of water and energy projects. Brazil has produced
a detailed manual for river basin inventory studies and

management. In 2010 the International Hydropower Association published the “IHA Sustainability Assessment Protocol” based on a multistakeholder development process
involving representatives from social and environmental
nongovernmental organizations (NGOs), governments,
commercial organizations, development banks (including
the World Bank), and the hydropower sector (International
Hydropower Association 2010).

Other technologies
For other technologies, guidelines are established on a national or regional basis in the absence of international consensus. To encourage the highest levels of sustainability
in the deployment of all renewables, a necessary first step
is to establish internationally accepted indicators and protocols for the sustainability of each technology. Although
it would be desirable to differentiate between sustainably

and unsustainably produced renewable energy—in line
with the overall aim of the initiative—this is not possible in
the short term, based on existing data and protocols. The
SE4ALL initiative presents a unique opportunity to improve
existing methods of data collection and enhance the available knowledge base as a step toward the ability to track
progress on sustainability.

Data availability, collection, and measurement
Availability
Tracking progress toward the renewable energy SE4ALL
objective requires accurate, consistent data on both overall energy production and use of energy from all sources.
Many organizations and companies generate reports on
global energy statistics. But only three organizations collect
primary global and country-level data on energy consumption and production:

}}

IEA

}}

UN

}}

World Health Organization (WHO) (focusing
particularly on household energy use)

Many other institutions and companies use these IEA, UN,
and WHO databases, and complement them with both
primary data and secondary information to create customized
databases and analyses (for example, Enerdata, US-EIA,
BP, and REN21; see table A1.1 in annex 1).
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The IEA compiles a comprehensive and comparable set of
energy data that is used as the reference source for most
reporting of global energy demand and renewable energy production. The IEA database contains comprehensive
and accurate data for OECD countries and also covers
about 75 non-OECD countries that provide their national
energy balances to the IEA. For 10 other countries, tertiary sources and estimations are used to compile the data.
Data from some smaller developing countries are not individually reported in the IEA statistics and are based on
extrapolations of country data provided by the UN Statistics Division.
The UN database contains long-time series data for almost
all countries, but is more heterogeneous and not available
until sometime after the IEA information is reported. The
WHO collects primary data on energy use but mainly at the
household level.

Collection and measurement
As discussed above, the major issue affecting the
contribution from renewable energy to the global energy
mix relates to the use of biomass for heating and cooking.
In many countries this is an informal sector, and data
availability and accuracy are acknowledged to be poor
and subject to large errors. Different data sources and
methodologies produce varying estimates. This makes
it very difficult to establish the starting point and to track
progress toward the goal with any precision. So there
is an urgent need to improve the overall quality of data
on bioenergy use, particularly in regard to heating and
cooking, and to refine the definitions and classifications
relating to this sector.
There are some other categories of renewable energy production that are not fully or consistently represented in the
data. While these data gaps may not significantly affect the
overall proportion of renewables within the current energy
mix, as new technologies are more widely deployed their
shares may become more significant and would need to
be better monitored in any comprehensive tracking system. These categories include:

}}

Small, distributed grid-connected generation,
such as small-scale photovoltaic (PV) or wind and
solar water heating. These may not be included
in statistical reports, and a correction based on
installed capacity may be needed. Indeed, current
practice is inconsistent across countries.

}}

Renewable energy production that is estimated
based on installed capacities may be inaccurate,
particularly because some systems may be installed
but not producing energy effectively.

}}

Biofuels are currently measured at final, not
primary, energy levels.

}}

Direct production of heat (for example, by solar
water heaters). Contribution of direct use of solar
heat is often estimated based on installed capacity
of solar collectors, but there are inconsistencies in
how the data is collected and reported.

}}

Waste fuels, where the methodologies do not
consistently differentiate between renewable (biogenic) and other waste fractions.

}}

The treatment of heat pumps within the statistics
is somewhat complex, and there are inconsistencies
in how the net energy produced by the heat pump
is accounted for, and whether this is classified as
renewable.

}}

“Passive solar” energy makes a substantial contribution to energy needs, both in industrial processes (salt production, food processing, and drying)
and buildings (passive solar heating and lighting).
This contribution can be further optimized by careful
design, reducing the need for fossil fuels. But it is
difficult to explicitly identify the contribution from
passive solar, and so it is usually excluded.

}}

Interregional integration of electricity or biomass
trade.

Given the need to develop a comprehensive and comparable analysis at a global level, we recommend that the
IEA energy statistics—complemented with UN data for the
smaller non-OECD countries—be used as the basis for
tracking progress toward the target. Furthermore, a review
of the methodologies for collecting data and reporting on
the sources listed above is needed to ensure that the share
of energy from these sources is accurately represented in
the energy statistics as their importance grows.

}}

Off-grid and mini-grid electricity generation,
which are often not captured by energy statistics.

Primary and final energy
To track the share of renewables in the global energy mix it
is necessary to define at which level of the energy balance
the measurement must be taken. The choice has a material impact on the starting and target levels of deployment.
Tracking can be done at the primary energy level or on the

basis of final energy.4 Each of the choices has different advantages and disadvantages.

4
In some countries, such as the United States, the term “delivered energy” is used, which is defined as the energy value of the fuel or electricity that enters the point
of use (for example, a building).

chapter 4: Renewable energy197

Primary energy accounting
Many energy production statistics (for example, those
used by the IEA, Eurostat, and the U.S. Energy Information
Administration [EIA]) are based on a physical energy content or primary energy accounting method. In these systems, energy is accounted for in the form in which it first
appears. For fossil fuels and bioenergy, the energy content
in the fuels before conversion is used as the measure. For
nuclear and renewable energy, the primary energy content
is calculated based on a number of different conventions.
The comparison between the roles of renewables and other sources is obscured by assumptions about the efficiencies of the various processes in these conventions. Wherever high efficiencies are used, the share of renewables
in the overall system is underrepresented in terms of the
useful energy produced.
There are, in fact, three different conventions for presenting
the primary energy data, which can affect the overall size
of the global energy mix and of the renewable share within
it. These are:5

}}

The physical energy content method (used by
IEA and Eurostat)

}}
}}

The direct equivalent method (used in some
Intergovernmental Panel on Climate Change [IPCC]
reports)

Table 4.1 provides a comparison of total world energy supply in 2010 that illustrates the differences in the proportion
of renewables in the energy mix estimated using these
methodologies.
The advantage of estimating primary energy is that figures
are based directly on the physical measurement of the
energy content in fossil fuels. The disadvantages are
that for low-carbon electricity sources the primary energy
content has to be calculated and the result depends on
the accounting convention used. It is difficult to make a
clear comparison between the contribution of renewable
and nonrenewable sources because this is obscured
by assumptions about efficiencies. The resulting figures
tend to underrepresent the share of electricity-producing
renewables.

RE contribution to world
primary energy supply
% renewables in
global energy mix

2010

Physical
content
method

The partial substitution method (used by EIA)

Direct
equivalent
method

Substitution
method

RE contribution to total world
final energy consumption

EJ

%

EJ

%

EJ

%

EJ

%

69

13

68

13

91

17

60

18

Table 4.1 Comparison of primary and final energy consumption methodologies
source: Source: IEA analysis. (2010)
Note: RE = renewable energy.

Final energy accounting
The data for this methodology come from the Total Final
Energy Consumption (TFEC) figures within the IEA statistics (these exclude nonenergy uses of fossil fuels such as
their use as raw material for the production of plastics and
chemicals). Within the TFEC figures, heat and electricity
5

are reported directly in the form ready for consumption.
Although other primary energy sources (for example, fossil fuels and bioenergy used for heating in the residential
sector) are still reported in terms of their fuel content, this
methodology comes closer to representing the energy in

Definitions of the methods as well as more details on how to calculate primary and final energy can be found in annex 1.
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the forms useful to users. To establish the contribution of
each technology, the aggregated figures for electricity and
commercial heat have to be allocated to the relevant technology. This can be done based on the proportions exhibited in production data, attributing the losses proportionally.

The advantage of using TFEC as the basis for monitoring is
that it allows a straight comparison (in GWh) of electricityproducing renewables (or nuclear sources) as well as of
commercial heat—and gets closer to measuring useful
energy.

Table A1.5 in annex 1 shows the breakdown of final consumption figures for 2010 before and after allocation of
electricity and heat.

The merits and disadvantages of using primary and final energy as the basis for tracking are summarized in table 4.2.

Primary energy supply

Advantages

Final energy consumption
• Heat and electricity in form ready for
consumption.

• Widely used.
• Based on physical measurement of fuels.

• Closer to useful energy output valued by
end-users
• Better balance for directly produced RE.

Disadvantages

• Different conventions for assumptions on
efficiencies means that contribution of RE
depends on calculation procedure.

• Losses need to be allocated.

• Underrepresents directly produced RE.
Table 4.2 Advantages and disadvantages of primary and
final energy consumption methodologies
Note: RE = renewable energy.

Given the decarbonization efforts under way around the
globe, we can expect that more and more energy will be
delivered by noncombustible energy sources. These are
precisely the sources that are measured in the energy balance only once they have produced power or heat (that is,

at the secondary energy level). Because the aim is to track
the contribution of renewables to the global energy mix, we
suggest using progress measurement at the final energy
consumption level of the energy balance.

Measuring additional indicators
In addition to tracking deployment levels, it will be useful
to track some supplementary indicators to improve the
overall analysis of the global evolution of renewable

energy markets. These could include trends in deployment
diversification, policy developments, evolution of technology
costs, and investment.

Deployment diversification
In order to meet the SE4ALL goals it will be important for
an increasing number of countries to develop significant
renewable energy portfolios. This diversification trend is
already in progress; for example, the recent IEA Medium
Term Renewable Energy Market Report shows an increasing number of countries reaching a 100-megawatt (MW)
threshold level of installed renewable energy capacity (IEA
2012b). Tracking such diversification could be based on the:

}}

Number of countries exceeding threshold
capacity levels for key technologies, which would
identify only those countries with a larger absolute
and globally significant level of production.

}}

Number of countries reaching threshold levels
of renewable energy as a proportion of final energy
consumption, which would identify countries that
made significant efforts.
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Renewable energy policy
It will also be useful to track the adoption of formal renewable energy targets and the introduction of fiscal, financial,
and economic incentives for the purposes of future analyses and tracking of renewable energy development across
countries and regions.
The IEA has a policy database that covers policies within a
wide range of countries. This is now being expanded as a
joint database with IRENA, and will eventually cover all the
member countries of both organizations. The data will be
regularly updated and validated by the responsible organizations in the countries. Other international organizations,
such as REN 21 in its annual Renewables Global Status
Report,6t also track renewable energy policies. The tracking could include:

}}

}}

Number of countries with specific legislation or
regulations supporting the development of renewables within the electricity, heat, and transport
sectors

At present, there is no common basis for the way that
countries establish renewable energy targets; some are
based on technology capacities, others on a percentage
that is based on primary energy production, and some
on final energy consumption. This makes it impossible
to establish the extent to which, taken together, country
targets are aligned with the overall SE4ALL goal. We
recommend that countries establish goals based on final
energy consumption, and that a target for 2030 be included
along with intermediate targets to improve the consistency
of tracking efforts.

Number of countries with renewable energy targets

Technology cost
Tracking the evolution of technology costs will also be essential to future analyses of the development of renewable
energy markets. Many institutions, including IRENA and
the IEA, are playing an important role in collecting data
and reporting on costs for a range of renewable energy
technologies.
Cost estimates are not always consistent due to the different conventions and assumptions applied in their calculation (for example, different cost allocation rules for combined heat and power plants may be applied, or different
grid connection costs and rules).
Considering the advantages and disadvantages of different cost analyses, we suggest that a number of different
cost indicators are used for the analysis, including:

}}

Equipment cost

}}

Total installed project cost, including fixed
financing costs

}}

The levelized cost of energy (LCOE)

The cost of equipment at the factory gate and installed
project costs are often available from market surveys or
from other sources, such as the IRENA.
The LCOE is the price of electricity required for a project
where revenues would equal costs, including making a return on the capital invested equal to the discount rate, as
measured by a discounted cash flow analysis.

Investment
Tracking global trends in renewable energy investment will
help to identify emerging trends and to highlight bottlenecks. It will be particularly important to track private sector investment, the role of development banks, and the
extent to which public and concessional finance is leveraged with other sources of finance including asset finance,
venture capital, and private equity. Bloomberg New Energy

6

http://www.ren21.net/gsr.
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Finance (BNEF) and UNEP have been reporting data on
investment on an annual basis from 2004 (BNEF, UNEP,
and Frankfurt School 2012).

Suggested methodology for defining and measuring renewable energy
While it is not possible to fully resolve all of the methodological
challenges outlined in the preceding section, the preferred
approach for tackling them is summarized in table 4.3.

Challenge

Proposed approach

Definition of renewable energy

Energy from natural sources that are replenished at a faster rate than they are
consumed, including hydro, bioenergy, geothermal, aerothermal, solar, wind
and ocean

Sustainability of renewable
energy

Develop sustainability protocols for different forms of renewable energy over time,
so that sustainability considerations can be incorporated to the definition in the
medium term

Primary versus final energy accounting

Track renewable energy as a share of total final energy consumption, and as a
subsidiary indicator the share of renewable energy in electricity generation

Measuring additional indicators

Track complementary indicators such as deployment diversification, renewable
energy policy, technology cost and diversification

Table 4.3 Addressing methodological challenges in
global tracking of renewable energy
source: authors.

Definition of renewable energy
For the purposes of the SE4ALL tracking framework, we
recommend that renewable energy be defined broadly as:
“Energy from natural sources that are replenished at a
faster rate than they are consumed, including hydro,
bioenergy, geothermal, aerothermal, solar, wind, and
ocean.”
We also propose that, in the short term, sustainability criteria not be applied so as to exclude any of these resources
or associated technologies, given the difficulties of making
these distinctions based on currently available data. This
implies that the traditional uses of biomass would be included in the definition of renewable energy.

But since it is also important that the SE4ALL initiative
emphasizes and promotes the sustainable use of renewable energy resources, we recommend that, in parallel,
the SE4ALL initiative promotes or commissions a formal
assessment to tackle the methodological aspects necessary for tracking sustainability in the long term. This will
require the development of a consensus around sustainability indicators and criteria for each of the main technologies considered. These efforts will need to be introduced in
tandem with strong capacity building at the country level,
especially in less-developed economies.

Method for accounting and measuring renewable energy
For the purposes of the SE4ALL initiative, we recommend
that the estimation of the proportion of the global energy
mix from renewable energy be based on the TFEC data.

previously, particularly relating to bioenergy use. We therefore propose that the SE4ALL initiative promote or commission the assessments necessary for improving measurement and data collection in those categories.

To improve the tracking of the contribution of renewable
energy to TFEC, it will be necessary to enhance measurement and data collection to improve the issues identified
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Measuring and tracking complementary indicators
In tracking the contribution of renewable energy to TFEC
under the SE4ALL initiative, the analysis of complementary
indicators will be necessary to understand patterns and
overall market evolution at the global, regional, and country
levels.
We recommend monitoring the following additional
indicators:

}}

Deployment diversity, including threshold levels
of installed capacity for key renewable energy
technologies or resources and number of countries
reaching threshold levels of renewable energy as a
proportion of final energy consumption

}}

Policy development, including number of countries with a policy target and level of target in each
country for an aggregated global baseline; and
adoption of fiscal, financial, and economic incentives at the country level

}}

Technology costs for each of the renewable
energy technologies considered, initially in terms of
LCOE, but if suitable procedures can be developed
this should be complemented by manufacturing
cost data where possible

}}

Investment in renewable energy (by asset class,
country, and region)

Baseline year
Given the availability of data, we propose that the baseline
year should be established as 2010, providing a 20-year
period for reaching the target.

Data sources
We recommend using the IEA data as the main source for
measuring the starting point and for tracking the contribution of renewable energy to TFEC, complemented with the
UN data for the case of smaller non-OECD countries.

The use of IEA statistics as a basis for tracking should also
be supplemented by enhanced efforts to track direct use
of renewable energy for heat, improve data on bioenergy
use (particularly relating to the traditional uses of biomass),
and identify small-scale and off-grid electricity generation
(as well as other sources not currently measured or included in the energy statistics described earlier).

Global baseline and tracking
Immediate and short term
In the immediate and short term (that is, for establishing
the starting point and for tracking progress within the next
five years), the SE4ALL initiative will track TFEC of different
renewable energy resources used for heating, electricity,
and transport on a global basis.
These resources include: hydro (all sizes), bioenergy (all
types, but including only the estimated biodegradable
fraction of products or waste), geothermal, aerothermal,
solar (including PV and solar thermal), wind, and ocean.
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The tracking of TFEC will be conducted primarily based
on the statistics already produced by the IEA. These are
based on country information gathered through annual
questionnaires that the IEA designed to ensure consistency of reporting variables (for example, use of the same
reporting conventions and definitions, use of the international standard industrial classification, application of the
same definitions for different categories, and so on). This
information is supplemented with other data sources in
countries that have not signed data-reporting conventions
with the IEA. The IEA aggregates the country-level data
and reports on an annual basis.

During the first five years, the SE4ALL initiative will seek
to complete the recommended assessments for improving methodological issues and to enhance data collection
to cover identified data gaps. Once the assessments are
completed, these new concepts, definitions, and questions will be integrated into the procedures for collecting
and reporting the energy statistics.
A parallel review of sustainability indicators and criteria
for each of the main technologies will be carried out and
used as the basis for developing internationally accepted
standards that can be used to assess the degree to which
deployment meets the highest sustainability standards.

These new procedures and the necessary country-levetraining will be introduced before the end of the fifth year
after the SE4ALL initiative is launched.
The SE4ALL initiative will track four additional indicators:

}}

Deployment diversity

}}

Policy developments

}}

Technology costs

}}

Investment in renewable energy

All indicators will be tracked on a country level and aggregated globally for the purposes of reporting under the
SE4ALL initiative.

Medium term
In the medium term, we recommend that the SE4ALL initiative move toward a working definition of renewable energy
that includes only renewable energy produced in a sustainable manner. To do this it will be necessary to develop and
promote methodologies for tracking sustainability across
the use of all types of resources; improving definitions and
data on bioenergy use, particularly relating to traditional vs.
modern uses of biomass; organic versus inorganic fraction
of waste and products; output and use of heat pumps; use
of small-scale renewable energy in distributed generation;
and use of renewable energy in off-grid schemes.

In addition, we recommend that countries adopt a consistent targeting approach, setting targets in terms of the proportion of energy in their energy mix based on TFEC, which
would allow for the calculation of an aggregate figure that
would provide a measure for the cumulative ambition for
comparison with the SE4ALL goal.
Toward the fifth year of the SE4ALL implementation, these
additional aspects could be incorporated into the reporting
systems on an annual basis.

Country-level tracking
At this stage there is no attempt to disaggregate the increases in the share of renewable energy to the individual
SE4ALL commitments (that is, the impact of particular UN
SE4ALL measures is not considered). Nor does the report
attempt to address the allocation of the SE4ALL objective
on a regional or country level.

Also in the medium term, the revised information-gathering
systems and definitions will need to be implemented at the
country level, along with the application of sustainability
criteria for bioenergy and other technologies as appropriate.
A summary of the strategy for tracking is provided in table 4.4.

In the medium term it would be beneficial for countrylevel targets to be reformulated in line with the proposed
SE4ALL methodology—that is, as the percent of renewable energy in TFEC.
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Immediate
• TFEC.
• Electricity (MW, GWh).

Global tracking

• Number of countries exceeding threshold
levels of installed capacity for key RE
technologies and exceeding threshold
levels as a proportion of final energy
consumption.

Medium term
• Improved definitions and data associated
with bioenergy.
• RE in distributed generation.
• RE in off-grid (including micro-grids).
• Harmonized approach to target setting.

• Number of countries with policy targets and
incentives.
• Technology costs.
• Investment levels.
• Nil.

Country-level
tracking

• Development of consistent targets expressed
in terms of renewable energy share of TFEC
by 2030.
• Support and implementation of revised
information gathering systems aimed at
improving coverage of the full range of
renewable energy technologies in selected
countries.
• Piloting of the application of sustainability
criteria in bioenergy in selected countries.
• Developing sustainability criteria for other
renewable energy technologies and piloting
their application in selected countries.

Table 4.4 Tracking framework
source: authors.
Note: GWh = gigawatt-hours; MW = megawatts; RE = renewable energy; TFEC = total final energy consumption.
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Section 2. Global trends in renewable energy
This section establishes the initial conditions of the share
of renewable energy in global final energy consumption
using the methodology described in section 1, and presents
global trends including breakdowns for different regions

and income groupings. It also discusses trends in renewable energy policy, technology progress, investment and,
deployment diversification.

Total final energy consumption and electricity
Based on existing data sources (with their associated statistical limitations), the share of renewable energy in TFEC
is estimated to be 18 percent at the starting point in 20107.
This implies a SE4ALL objective of 36 percent for the year
2030. For immediate tracking purposes, it is not possible
to take sustainability considerations into account, so as
to exclude any unsustainable forms of renewable energy;
though it is recommended that these considerations be incorporated over time. As a result, the starting point of 18
percent as well as the associated target can be regarded
as upper bounds.

It is estimated that traditional biomass accounts for about
half of the renewable energy total (figure 4.1).8 A further
quarter of the renewable energy total relates to modern
forms of bioenergy, and most of the remainder is hydropower. Other forms of renewable energy—including wind,
solar, geothermal, waste, and marine—together contribute
barely 1 percent of global energy consumption.

traditional biomass (9.6%)
modern biomass (3.7%)
liquid biofuels (0.8%)
wind (0.3%)

fossil fuels (79.1%)
Nuclear (2.5%)

solar (0.2%)

18.0%

biogas (0.2%)

renewable energy (18%)

geothermal (0.2%)
waste (0.1%)
marine (<0.01%)
hydro (3.1%)
Global Share of Renewable Energy in TFEC, 2010
Figure 4.1 Global
share of Renewable Energy in TFEC, 2010

source: Authors’SOURCE:
analysisIEA
based on IEA 2012d

Indeed, although the consumption of traditional biomass
increased in terms of volume between 1990 and 2010, its
share of TFEC declined from 10.2 percent in 1990 to 9.6
percent in 2010. This trend may be partially attributed to a
slow shift toward the use of more modern energy sources
at the global level. The modern biomass share of TFEC
increased slightly from 3.5 in 1990 to 3.7 percent in 2010.

Nonetheless, as mentioned previously, the methodology
for collecting data on biomass (both traditional and modern) must be enhanced for a more accurate disaggregation of sources and uses and a better understanding of the
degree to which these sources are being utilized sustainably.

7
During the 2012 Year of Sustainable Energy for All a provisional estimate of 15 percent was used for the share of renewable energy in the global energy mix, with an
associated target of 30 percent. This was based on 2005 data and a slightly different methodological approach to that finally agreed in this report.
8
The UN Food and Agriculture Organization defines traditional biomass as “woodfuels, agricultural by-products, and dung burned for cooking and heating
purposes.” In developing countries, traditional biomass is still widely harvested and used in an unsustainable and unsafe way. It is mostly traded informally and noncommercially. So-called modern biomass, by contrast, is produced in a sustainable manner from solid wastes and residues from agriculture and forestry.
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3.0% vs 1.5%
growth
- the compound

annual growth rate of global total
final energy consumption from renewable sources (excluding traditional
biomass) versus the growth rate of total final energy consumption overall

59,513

The renewable energy sources other than traditional biomass and hydropower (including modern solid biomass,
biofuels, biogas, waste, geothermal, wind, solar, and marine energy) contributed only 5.4 percent to TFEC in 2010.
In the
same year, the global consumption of hydropower
Marine
reached a comparatively high share of 3.1 percent of TFEC.

increasing at a compounded annual growth rate (CAGR) of
only 1.2 percent, the share of all other renewable sources
(including hydro) grew at 3.0 percent CAGR, with the last
five years marked by an unprecedented 4.9 percent CAGR.
The renewable energy sources other than traditional biomass and hydropower grew at an even higher annual rate,
on the order of 11 percent between 1990 and 2010. Thus,
the incremental increase in the share of renewable energy in
TFEC during that period was to some extent driven by wind,
biofuels, biogas, solar, waste, and geothermal sources
(figure 4.2).
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The use of different sources has evolved at contrasting
rates. While the share of traditional biomass in the global
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mix steadily declined between 1990 and 2010,
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Figure 4.2 Evolution of renewable final energy consumption (PJ)
source: Authors’ analysis based on IEA 2012d.

Indeed, over the past ten years the use of renewable energy
sources other than biomass and hydro almost quadrupled
at the global level. Wind, biogas, and solar exhibited the
most dramatic growth in both absolute and relative terms,
growing at 25, 16.7, and 11.4 percent CAGR, respectively
206Global tracking framework

(as illustrated in figure 4.3). The impressive scale-up in the
use of these sources is largely attributed to the provision of
sustained policy incentives that triggered high investment
volumes and remarkable reductions in technology costs.
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Figure 4.3 Compounded annual growth rates (CAGR) of renewable energy TFEC
by source, 1990–2010
source: Authors’ analysis based on IEA 2012d.

Renewable energy sources are used for heating, electricity,
and transport. Renewables for heating (cooking, space,
and water heating) accounted for 75 percent of all renewable energy use in 2010, with biomass contributing 96 percent of this share.9 Commercial-scale heating, in particular,
increased rapidly between 1990 and 2010, although it still
represented only 1 percent of total heating consumption
by the end of 2010. Indeed, the use of modern renewable
energy technologies for heating and cooling is still limited
relative to their potential for meeting global demand.
Despite its significant share, renewable energy for heating
declined 7.5 percent over the period 1990-2010. This trend
may be also partially attributed to substitution of traditional
for more modern sources of energy. The CAGR associated
with the global use of biomass for heating between 1990
and 2010 is estimated at only 1.3 percent, while those of
geothermal and solar thermal for heating reached 6.7 and
10.6 percent respectively.
The share of renewable energy in electricity production
fluctuated between 1990 and 2010, decreasing from 19.5
percent in 1990 to a low of 17.5 percent in 2003, and then
rebounding to 19.4 percent in 2010. The reason for the
decline between 1990 and 2000, despite the absolute
growth, is that electricity demand grew at a faster pace
than renewable energy. Hydropower contributed 83 percent to this global share, followed by wind-based generation, which accounted for a little more than 8 percent. All

9

other sources combined accounted for about 10 percent
of total renewable-source-based electricity supply in 2010
(figure 4.4a).

25% growth
- the compound
annual growth

rate of wind energy over the period
1990-2010.
While the historic share of renewable energy in electricity
production was relatively flat through 2010, more recent
trends suggest that it may be increasing. Renewables
accounted for almost half of the estimated 208 gigawatts
(GW) of new electric capacity added globally during 2011.
Wind and solar photovoltaic (PV) accounted for almost 40
percent and 30 percent of new renewable capacity, respectively, followed by hydropower (nearly 25 percent). By
the end of 2011, total renewable power capacity worldwide
exceeded 1,360 GW, up 8 percent over 2010; renewables
comprised more than 25 percent of total global power-generating capacity (estimated at 5,360 GW in 2011)
and supplied an estimated 20.3 percent of global electricity. Renewable technologies are also expanding into new
markets. In 2011, around 50 countries installed wind power
capacity, and solar PV capacity is moving rapidly into new
regions and countries. Solar hot water collectors are used

Traditional biomass alone contributed approximately 70 percent to the share of renewable energy sources used for heating.
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tricity

a. Technology breakdown by renewable
energy application (2010)

b. Renewable energy contribution to global TFEC
in electricity, transport, and heat (2010)
19.4%

Others

Others
biomass 5%
wind 8%

Other Biofuels
15%

biodiesels
26%

biomass
96%
hydro
83%
biogasoline
59%

3.9%
2.4%

Heat (75%)

Electricity (21%)

Transport (4%)

Commercial Heat

Electricity

Transport

Contribution of RE to global electricity, transport and commercial heat.
Figure 4.4 Renewable energy applications

Note: Biogasoline includes bioethanol, biomethanol, bioETBE and bioMTBE.

Note: Biomass includes primary solid biofuels and charcoal. Biogasoline includes bioethanol, biomethanol, bioETBE,
and bioMTBE and “other biofuels” includes those that cannot be specified as either biogasoline or biodiesel due to
lack of data. Commercial heat refers to heat produced for sale by combined heat and power (CHP) and heat plants.
TFEC = total final energy consumption.
SOURCE: Authors’ analysis based on IEA 2012d.

by more
Transport

than 200 million households, as well as in many
public and commercial buildings around the world. Interest
in geothermal heating and cooling is also on the rise globally, as is the use of modern biomass for energy purposes.
The contribution of renewable energy to global final consumption in commercial heat—mainly combined heat and
power—and transport reached 3.9 and 2.4, respectively, in
2010 (figure 4.4b).

Renewable energy is used in the transport sector in the
form of gaseous and liquid biofuels; liquid biofuels provided about 3.3 percent of global road transport fuels in
2010-11, more than any other renewable energy source in
the transport sector.10 Electricity powers trains, subways,
and a small but growing number of passenger cars and
motorized cycles, and there are limited but increasing initiatives that link electric transport with renewable energy.

10

But despite the remarkable growth of wind, biogas, solar, geothermal, and smaller renewable-source-based
developments, the overall share of renewable energy in
TFEC remained relatively stable between 1990 and 2010
because of the central role of traditional biomass, which
accounted for about 53 percent of the renewable energy
share of TFEC in 2010 (figure 4.5).

50%

of newly installed
power generation

in 2011 came from renewable sources.

Global TFEC increased from 243 to 330 exajoules (EJ)
over that period, at a CAGR of 1.5 percent. Meanwhile, the
consumption of renewable energy increased from 40 to
about 60 petajoules (PJ), at 2 percent annually.

Road transport is a subcategory of total transport shown on figure 4.4b, with the latter also including rail, pipeline, navigation, aviation, and other nonspecified
transport categories. It is important to note that most biofuels are used in road transport.
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Figure 4.5 Global TFEC (PJ) vs. share of renewable energy (%)
Note: TFEC = total final energy consumption.
SOURCE: Authors’ analysis based on IEA 2012d.

Global trends by region
The evolution of the share of renewable energy in regional
TFECs has been influenced by a number of factors, including growth in overall energy consumption, trends in the
use of traditional biomass, and growth in the production
of renewable energy other than traditional biomass and
hydropower per se.

At the same time, the analysis of the data by income group
reveals that traditional biomass is being consumed predominantly by middle-income economies, while renewable energy sources other than hydro and traditional biomass are primarily being consumed by upper-middle- and
high-income countries (figure 4.6).

The regional share of renewable energy between 1990 and
2010 increased in Europe, North America, and Sub-Saharan Africa but decreased in Latin America, Northern Africa,
and most subregions of Asia (table 4.5).

If we confine attention to power generation only, the regional picture for the share of renewable energy in the electricity mix looks quite different. Latin America and Caribbean
emerges as the region with by far the highest share of renewable energy in the electricity generation portfolio of 56
percent, which is more than twice the level in the next highest regions – Caucuses and Central Asia, Europe, Oceania
and Sub-Saharan Africa – all of them above 20 percent.
Globally, 80 percent of renewable electricity generation is
found evenly spread across just four regions: East Asia,
Europe, Latin America and Caribbean and North America.

The increased share of renewables in Europe has been
attributed to the adoption of bold and sustained policy
measures that triggered a large volume of investments
primarily in renewable source-based initiatives other than
hydropower, although this trend has also been influenced
by a low growth in overall energy demand. In Europe renewables have directly displaced other sources of energy,
most notably fossil fuels.
The share of renewables in Southern Asia and Sub-Saharan Africa is particularly high due to the use of traditional
biomass, especially in the residential sector. But the share
of renewables in Southern and Southeastern Asia declined
significantly over the 1990–2010 period, in part owing to
decreased reliance on traditional biomass for cooking and
wider adoption of non-solid cooking fuels.

65% vs 20%

- the share of
global total final

energy consumption from
renewable sources contributed by
Africa and Asia versus Europe and
North America
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Region

Share of RE in each region

Contribution to global share

1990

2000

2010

1990

2000

2010

North America

6.0

7.1

9.0

8.1

9.8

9.7

Europe

8.1

9.4

14.1

7.6

8.2

10.0

Eastern Europe

3.0

4.2

5.4

2.9

2.3

2.4

Caucasus and Central Asia

3.1

5.2

4.4

0.5

0.4

0.3

Western Asia

8.2

5.8

4.3

1.1

0.9

0.9

Eastern Asia

22.2

19.1

15.3

23.2

20.8

19.9

Southeastern Asia

52.2

37.9

31.1

8.8

8.5

7.7

Southern Asia

50.9

43.4

34.8

18.1

17.5

16.4

Oceania

15.0

15.6

15.1

1.1

1.2

1.0

Latin America and Caribbean

32.3

28.2

29.0

10.7

10.4

10.7

6.5

6.2

5.0

0.3

0.3

0.3

Sub-Saharan Africa

72.5

74.6

75.4

17.7

19.8

20.7

World

16.6

17.4

18.0

100.0

100.0

100.0

Northern Africa

Table 4.5 Regional contribution to the share of renewables in TFEC (after allocation) (%)
source: Authors’ analysis based on IEA 2012d.
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figure 4.6 Contributions to the Share of Renewable Energy in TFEC by Source and
Income Group, 2010
source: Authors’ analysis based on IEA 2012d.
Note: HICs = high-income countries; LICs = low-income countries; LMICs = lower-middle-income countries; UMICs =
upper-middle-income countries.
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Trends in relevant indicators
Policies and dramatic technology cost reductions have
driven renewable energy investment and market development in unanticipated ways. This subsection discusses

general trends in renewable energy policy, technology
progress, investment, and deployment diversification.

Policies to promote renewable energy development
Policy makers are increasingly aware of renewable energy’s
wide range of benefits, including energy security, reduced
import dependency, reduction of GHG emissions, prevention of biodiversity loss, improved health, job creation, rural
development, and energy access, leading to closer integration of renewable energy policy with policies in other
economic sectors in some countries. Globally there are
more than 5 million jobs in renewable energy industries,
and the potential for job creation continues to be a main
driver of renewable energy policies (REN21 2012).

chain have driven the remarkable growth of renewable energy other than hydropower. Policy instruments include targets and a combination of economic, fiscal, and financial
incentives.
Renewable energy targets have increasingly been adopted around the world over the past few years. Today, about
120 countries have a national target on renewable energy,
more than half of which are developing countries (REN21
2012).

To a large extent, policy incentives targeting different stages of the technology innovation and market development

12
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upper middle income
lower middle income
low income
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1990-2000

2001-2005
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RPS / AUCTIONS

figure 4.7 Number of countries introducing price and quantity setting instruments
source: REN21 2012.
Note: FITP = feed-in tariff policy; RPS = renewables portfolio standard.
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Indeed, developed and emerging economies have accumulated years of experience with the design and implementation of various types of policy instruments, including
price-setting mechanisms and policies that impose a quota and introduce competitive bidding or auctions. In particular, feed-in tariff policies have been necessary to lower the
range of risks associated with the introduction of capitalintensive technologies and the development of new markets.
Increasingly, low- and middle-income countries are adopting price/quantity setting instruments in combination with
fiscal and financial incentives to promote different segments of the renewable energy market (figure 4.7). Even
oil- and gas-exporting economies such as Saudi Arabia
and the Gulf States are beginning to introduce incentives

to develop renewable energy, with the intention of lowering
domestic consumption of fossil fuels and developing industrial capacity for the manufacture of renewable energy
equipment.
Most recently, however, policy support for renewable energy weakened in Europe due to the economic crisis and
associated austerity measures. As a result, efforts have
increased to improve the effectiveness and economic efficiency of policy incentives, especially in countries with a
long track record of their implementation (box 4.1 discusses the issue of policy performance).

Box 4.1 Policy effectiveness and economic efficiency
Between 1990 and 2010, many countries, especially developed and emerging economies, introduced a combination of economic, fiscal, and financial incentives to promote renewable energy development. Policy makers and regulators have gradually learned that the choice of policy mechanism, the features of policy design,
the setting of tariff levels, and the compatibility of different instruments are all crucial aspects of an effective
and economically efficient regime.
Indeed, policy and regulatory frameworks have been repeatedly reformed and adjusted in most countries that
have introduced renewable energy policies. For example, almost all countries using feed-in tariffs to promote
one or many segments of the renewable energy market–– different types of technologies, project scales, or
geographic areas–– have successively adjusted the tariff levels to avoid high infra-marginal rents and policy
costs or subsidy volumes. In this process, countries have introduced automatic adjustment mechanisms and
other design features to ensure that the cost to taxpayers or consumers is acceptable while also lowering
regulatory uncertainty for potential investors.
The design of auction mechanisms to competitively determine the price of renewable energy has also required
adjustments to avoid speculative behavior and ensure the construction of plants (for example, bid bonds,
guarantees on project completion, penalties on construction delays, and so on).
The use of price- and quota-based instruments is necessary in the absence of externality pricing. Today, many
countries have adopted emissions trading frameworks and have also learned many lessons in the process of
establishing carbon markets.
Ultimately, it is clear that a policy package needs to be not only effective in terms of the capacity deployed
and electricity generated but also economically efficient—that is, delivered at the lowest possible cost while
remaining sustainable and socially inclusive.
Source: Jacobs 2012; Elizondo-Azuela and Barroso 2011; IEA 2008.
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Technology progress
On the technology development front, there has been
continuous progress in efficiency, and cumulative experience has translated into increasingly cost-effective solutions. For instance, the investment cost of wind energy fell
from $2,500/kilowatt (kW) in the mid-1980s to $630-1,270/
kW in 2012, while the cost of PV systems fell from about
$7,000/kW to $750–$1,100/kW over the same period (IRENA 2013b) (figure 4.9). Similar trends occurred in the sugarcane-based bioethanol industry (see learning curve in
annex 2).

About 30 GW of solar PV was installed globally every year
between 2010 and 2012, bringing the total installed PV
capacity from 40 GW to more than 100 GW (EPIA 2013).
In addition, total wind power capacity reached over 282
GW globally in 2012, representing an increase of almost 20
percent from 2011 (GWEC 2013). The market expansion of
renewable technologies in many regions of the world has
also brought considerable cost reductions. For instance,
the cost of solar PV modules dropped by 42 percent in 2011
while the cost of onshore wind turbines fell by 10 percent.

global average turbine/module selling price (2011 usd/w)

Today, many countries manufacture solar PV modules,
although China, the United States, Japan, Canada, and
Norway have the largest market shares (China supplies 30
percent of the global market volume). Wind turbines, on
the other hand, are manufactured mainly by China, Denmark,
the United States, Spain, Germany, and India.
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FIGURE 4.8 Learning curves for wind and solar PV modules
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Source: IRENA analysis with data from EPIA and Photovoltaic Technology Platform (2011), IPCC (2011), Bazilian and
others (2012), and Sologico (2012).
Note: PV = photovoltaic.
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Critical for the widespread integration of renewable energy
sources into power systems will be the introduction of
technologies, operational protocols, and practices to
manage the issue of variability. This can involve a number
of options, including more flexible generation from
nonvariable sources (renewable and fossil), grid extension,
demand-side management, and storage. Although energy
storage solutions are in different stages of development,
they are quickly progressing along the technology
development path (IRENA 2012, Chen and others 2009)
(box 4.2).

Technology innovation has played a critical role in the
development and commercialization of renewable energy
solutions. According to BNEF, UNEP, and Frankfurt School
(2012), despite the fact that corporate research and development (R&D) in renewable energy has decreased over
the past few years, venture capital and government R&D
increased substantially between 2004 and 2011 (with CAGRs of 30 and 14 percent, respectively).

Box 4.2 Electricity storage
At present, the only commercial storage option is pumped hydro power by which surplus electricity (for example, electricity produced overnight by base-load coal or nuclear power) is used to pump water from a lower to
an upper reservoir. The stored energy is then used to produce hydropower during daily high-demand periods.
Pumped hydro plants are large-scale storage systems with a typical efficiency between 70 percent and 80
percent, which means that a quarter of the energy is lost in the process.
Other storage technologies with different characteristics (that is, storage process and capacity, conversion
back to electricity and response to power demand, energy losses and costs) are currently in demonstration or
pre-commercial stages, including compressed air energy storage (CAES), flywheels, electrical batteries and
vanadium redox flow cells, super capacitors, and superconducting magnetic storage. In addition, thermal energy storage is under demonstration in concentrating solar power (CSP) plants where excess daily solar heat
is stored and used to generate electricity at sunset.
No single electricity storage technology scores high in all dimensions. The technology of choice often depends
on the size of the system, the specific service, the electricity sources, and the marginal cost of peak electricity.
For example, pumped hydro currently accounts for 95 percent of the global storage capacity and still offers a
considerable expansion potential but does not suit residential or small-size applications. CAES expansion is
limited due to the lack of suitable natural storage sites. Electrical batteries have a large potential with a number
of new materials and technologies under development to improve performance and reduce costs. Heat storage is practical in CSP plants. The choice between large-scale storage facilities and small-scale distributed
storage depends on the geography and demography of the country, the existing grid and the type and scale
of renewable technologies entering the market.
While the energy storage market is quickly evolving and expected to increase 20-fold between 2010 and 2020,
many electricity storage technologies are under development and need policy support for further commercial
deployment. Electricity storage considerations should be an integral part of any plans for electric grid expansion or transformation of the electricity system. Storage also offers key synergies with grid interconnection and
methods to smooth the variability of electricity demand (demand-side management).
Source: IRENA 2012.

214Global tracking framework

Evolution of investment
BNEF reports that global investments in renewable
-source-based power generation and fuels reached a record of $277 billion in 2011 (figure 4.10) (BNEF database
2012).11 This was more than six times the figure for 2004
and almost twice the total investment in 2007, the last year
before the acute phase of the recent global financial crisis.

in 2010. This increase in investment and capacity came
at a time when the cost of renewable power equipment
was falling rapidly. Furthermore, renewable energy technologies continued to attract investments despite overall
uncertainty about economic growth and policy priorities in
developed countries.

In 2011 renewable-source-based power generation capacity
(excluding large hydro) accounted for 44 percent of new
generation capacity added worldwide, up from 34 percent
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Figure 4.9 Global investments in renewable energy by country, 2004–2011 (US$ billion)
Source: BNEF database 2013; BNEF, UNEP, and Frankfurt School 2012.
Note: Data include investments in hydropower plants with capacities in the range of 1-50 MW. Investment data include the following categories: asset finance, public markets, venture capital and private equity, investments in
small distributed capacity, government R&D, and corporate R&D

Developing countries, especially emergent economies,
made up 35 percent of this total investment, compared to
65 percent for developed economies. Indeed, Brazil, China,
and India together accounted for about $74 billion, or 27
percent of the total new investments in renewable energy
globally in 2011 (BNEF, UNEP, and Frankfurt School 2012).

economies, most notably in Thailand, Indonesia, Ukraine,
Romania, Bulgaria, Turkey, and Costa Rica.
Overall, developed countries led the way in investments
in solar initiatives, while developing economies had the
upper hand in new investments in wind-based generation.

Renewable energy markets are also expanding into middleand lower-income developing nations. In 2011 an estimated
8.4 percent of total new investments in renewable energy
took place in developing countries outside large emergent

11

Almost 90 percent of this investment went to either solar (57 percent) or wind-based projects (33 percent).
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Deployment diversification
increased from 23 in 2005 to 38 in 2010. Solar has also
seen a significant increase in terms of the number of countries that reached this threshold in these five years, growing from 3 to 15 countries in total. Biomass and waste also
achieved a high level of capacity deployment, expanding
by another 5 countries in 2005–2010.

Development of newer renewable deployment—other
than traditional biomass and hydropower—is becoming increasingly widespread, with growth shifting beyond
traditional support markets in the developed world. The
number of countries with cumulative renewable source–
based electricity capacities above 100 megawatts (MW) increased significantly in the period 2005–2010. The number
of countries with wind-based capacity above this threshold
40
OECD

NON-OECD
9

32

9

8
24
3

16

27

1

29

23
20
8

0

14

5

5

6

6

2005

2010

3
2005

2010

solar

geothermal

2005

2010

biomass & Waste

2005

2010

wind

Figure 4.11 Number of countries whose cumulative installed capacity
exceeded 100 MW as of 2010
Source: EIA database (2012).
Note: OECD = Organisation for Economic Co-operation and Development.
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Section 3. Country performance
Key drivers for country support to renewable energy development
The introduction of renewable energy brings multiple benefits to society. Indeed, most countries deploying renewable
energy are motivated by a combination of social objectives
that vary depending on their economic conditions, resource endowments, and strategic priorities. This combination of objectives may include reducing greenhouse gas
emissions and local environmental impacts, enhancing
energy security, stimulating economic and industrial development, and increasing access to reliable, affordable, and
clean modern energy services.
Many countries have strongly supported renewable energy
as part of an environmental and climate change policy
in addition to other social objectives. For instance, renewables play a key role in the climate change mitigation strategies of all EU member states, Norway, Australia, Mexico,
India, and many others.

the production of ethanol from sugarcane to decrease dependency on imported fossil fuels for transport. Also, in
many fuel-dependent countries where the avoided cost
of power generation or heating is high, renewable energy represents a competitive alternative that comes without
an incremental cost or additional burden on taxpayers or
consumers.
Indeed, the justification of renewable energy deployment
on economic grounds, including a solid understanding of
the full range and valuation of benefits, is essential to policy
making and regulatory design.

$277 billion
was spent on

renewable energy financing
in the year 2010.

The overall contribution of renewable energy to local environmental sustainability has also driven many countries to
introduce specific renewable energy policies, especially in
nations where the consumption of traditional biomass or
the use of fossil fuels results in acute air pollution levels,
biodiversity loss, or deforestation. In Nepalese villages, for
example, modern renewable energy systems have been
deployed to mitigate the negative impacts on biodiversity
and deforestation resulting from the unsustainable use of
biomass. China, in particular, has explicitly aimed at
increasing renewable energy to lower and avoid the regional
and local environmental impacts of coal-based power generation. Many other countries have also explicitly supported
renewables to reduce local environmental impacts.

A few high- and middle-income economies have also
strongly focused on renewable energy to support economic
growth and job creation. Denmark, Germany, China, and
India among others have provided specific incentives to
stimulate technology innovation, promote the domestic
manufacture of renewable energy equipment, and create
a local market for companies installing and developing
renewable energy projects. Germany, for instance, has
spent more on PV R&D than any other country in Europe,
with the aim of growing a competitive export industry of
components, final products, and manufacturing equipment
(IPCC 2011).

At the same time, energy security is a key strategic priority of almost all nations. Renewable energy can improve
security of supply in a variety of ways, including reducing
dependence on imported fuels, contributing to technological
and fuel diversification, hedging against fuel price volatility,
and enhancing the national trade and fiscal balances.
Since the early 1970s, for example, Brazil has promoted

Renewable energy can also contribute to increasing energy
access in peri-urban and rural areas. Many developing
countries (including, for example, Argentina, Bolivia, Brazil,
Bangladesh, China, India, Sri Lanka, Tonga, and Zambia)
have introduced energy access programs and policies to
increase access to energy services with renewable-energy
-based solutions.
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Growth of renewable energy markets
Fast-moving countries
Renewable energy sources beyond traditional biomass
and hydropower, including modern solid biomass, biofuels, biogas, waste, geothermal, wind, solar, and marine
energy, contributed 5.4 percent to TFEC in 2010. About 97

percent of this volume was produced and consumed by
high-income and emerging economies, most notably the
United States, Europe, Japan, Brazil, China, and India.

hics
UMICS
LMICS
LICS

share of re in tfec
40%
35%

Sweden

30%

Finland

25%

Brazil
Chile

20%

Sudan

15%
10%
5%
0%

India

Congo, Sri Lanka
DRC
Tanzania

Other
Africa Spain

Ghana

Philippines
Thailand
Haiti
Mozambique
France
Nigeria
Mexico
Colombia
Vietnam
n.Korea Zimbabwe
Canada Pakistan
Indonesia
South Africa
USA
Russian
Japan
Federation
Argentina
Ethiopia
Turkey

Benin

-5%

-2%

1%

4%

7%

Cambodia

Germany
Poland
Italy

compound annual
growth rate,
1990-2010

China, PRC
Myanmar

10%

20%

30%

40%

-5%
Figure 4.11 Renewable energy’s share (excluding traditional use of biomass and hydropower) of country TFEC and CAGR, 1990–2010
Source: Authors’ analysis based on IEA 2012d.
Note: Figure includes the use of modern biomass. (DRC and Tanzania appear due to their high use of modern biomass
in the industrial sector). Bubble size depicts volume in terms of PJ of final energy consumption. The negative CAGRs
exhibited in Turkey, Mexico, Indonesia, Colombia, Russia, and Benin are primarily due to reduction in the use of nontraditional solid biomass (most notably in industry). TFEC = total final energy consumption; CAGR = compound
annual growth rate; DRC = Democratic Republic of Congo.

Indeed, the development of these renewable energy markets has been led by a small group of pioneering countries
that consistently introduced innovation on the technology,
policy, and financing fronts in 1990–2010.
China, Germany, Italy, and Spain have rapidly increased
their renewable-source-based consumption, while Sweden, Finland, and Brazil have achieved high shares of
renewable energy in their total domestic consumption (as
illustrated in figure 4.11).12
12

Bubble charts for each of the technologies considered are included in annex 3.
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In hydropower Mozambique, China, Vietnam, Iceland, and
Albania increased their consumption rapidly between 1990
and 2010, while China, Brazil, the United States, Canada,
Norway, India and Russia maintained very high volume of
consumption (figure 4.12).
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Figure 4.12 Share of hydro in country TFEC and CAGR, 1990–2010

13%

annual growth rate, 1990-2010
Source: Authors’ analysis based on IEA compound
2012d.
Note: HICs = high-income countries; LICs = low-income countries; LMICs = lower-middle-income countries; UMICs =
upper-middle-income countries; TFEC = total final energy consumption; CAGR = compound annual growth rate.

In 2010 the volume of renewable energy sources other
than traditional biomass and hydropower consumed by
Brazil, China, and India represented 76 percent of the volume consumed in the United States and European countries combined. When including hydro, these three emerging economies are among the top five renewable energy
consumers in the world (as shown in figure 4.13).
China, in particular, has rapidly increased its hydro base
in electricity and introduced bold industrial and renewable
energy policies and strategies to promote the scale-up of
wind-based electricity generation and solar PV.

1,000 EJ

is the cumulative
amount of

renewable energy supplied globally
between 1990 and 2010; equivalent to
the cumulative final energy consumption
of China and France over the same period.

The United States also stands out for the volume of renewable energy consumed, mainly due to its high consumption of biofuels (most in the form of corn-based bioethanol) and wind-based electricity generation. Brazil is ranked
third in renewable energy consumption for its aggressive
and pioneering support of sugarcane-based bioethanol
production, its use of bagasse-based combined heat and
power, and its high share of hydropower in electricity.
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Table 4.6 lists the top five countries by region in terms of
annual capacity additions in electricity from 2009 to 2010.
Incremental renewable energy consumption in the period 1990-2010 (PJ)

wind
marine
solar
geothermal

Venezuela

94

Pakistan

95

Chile

112

Congo, DRC

118

United Kingdom

142

Finland

138

Austria

139
159

Nigeria

hydro
liquid biofuels
biogas
modern biomass
waste

198

Poland
Canada

(0)

204

France

(1)

209
214

Thailand
Sweden

(4)

221
297

Spain

340

Italy

546

India

730

Germany

1,719

Brazil

2,274

United States

2,804

China, PRC
-500

200

900

1600

2300

Figure 4.13 Top 20 countries: Incremental renewable energy consumption in
the period 1990-2010 (PJ)
Source: Authors’ analysis based on IEA 2012d.
Note: Figure excludes traditional biomass. DRC = Democratic Republic of Congo.

56%

of electricity
generation in

Latin America comes from renewable
sources - higher than any other region
of the world
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3000

Wind

Solar and
marine

Geothermal

Biomass
and waste

Total

Canada

United States

United States

United States

United States

United States

United States

Canada

Canada

Canada

Canada

Germany

Spain

Germany

Italy

Germany

Germany

Switzerland

Germany

Italy

Germany

Austria

Italy

Italy

France

Spain

Italy

Spain

Sweden

UK

France

UK

France

Croatia

Italy

Belgium

Netherlands

UK

Bulgaria

Poland

Slovakia

Czech Rep.

Poland

Ukraine

Bulgaria

Bulgaria

Poland

Bulgaria

Slovakia

Hungary

Hungary

Slovakia

Hungary

Romania

Czech Rep.

Poland

Hungary

Slovakia

Czech Rep.

Romania

Romania

Armenia

Azerbaijan

Armenia

Kazakhstan

Azerbaijan

Hydro
North America

Europe

Eastern Europe

Caucasus and
Central Asia

Romania

Kazakhstan
Turkey
Western Asia

Turkey

Israel

Israel

Cyprus

Turkey

Turkey

Turkey

Israel

Israel

Cyprus

Eastern Asia

Southeastern
Asia

Cyprus

China

China

Japan

Japan

China

China

Japan

Japan

China

S. Korea

Japan

S. Korea

S. Korea

S. Korea

Philippines

Vietnam

Philippines

Philippines

Laos

Thailand

Indonesia

Laos

S. Korea

Myanmar

Myanmar
Vietnam
Indonesia

Southern Asia

India

India

Iran

Iran

Bangladesh

India

India
Iran

Nepal

Bangladesh
Nepal
Maldives

Oceania

Australia

Australia
N. Zealand

Australia

N. Zealand

Australia
N. Zealand
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Hydro

Latin America
and Caribbean

Wind

Solar and
marine

Geothermal

Total

Brazil

Brazil

Ecuador

Mexico

Peru

Chile

Peru

Guatemala

Dominica

Chile

Panama

Nicaragua

Guatemala

Algeria

Egypt

Egypt

Morocco

Morocco

Tunisia

Tunisia

Northern Africa

Mexico

Biomass
and waste
Brazil

Brazil

Chile

Ecuador

Algeria

Sub-Saharan
Africa

World

Ethiopia

Kenya

Uganda

Ethiopia

Sierra Leone

S. Africa

Sierra Leone

Uganda

Eritrea

Uganda

Kenya

Kenya

Guinea

Guinea

China

China

Germany

N. Zealand

Brazil

China

Brazil

United States

Italy

Italy

China

Germany

Turkey

India

Japan

United States

Germany

United States

India

Spain

Spain

Turkey

Austria

Italy

Ethiopia

Germany

France

Philippines

India

India

Table 4.6 Top five countries in annual capacity additions, 2009–2010, by region
Source: U.S. Energy Information Administration database 2012.

In addition to these pioneering countries, many others
have begun to introduce renewable energy for several reasons, most notably energy security and local environmental sustainability.
In Africa, for instance, countries such as Kenya, Uganda,
Ethiopia, Mali, and Tanzania are consistently progressing
toward the deployment of renewable energy. Other developing nations, such as Bangladesh, Honduras, Nepal, and
Maldives, are also working toward assessing the magnitude of their renewable energy resource potential.
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62%

of total final
energy consumption

in Africa comes from renewable
sources - higher than any other region
of the world
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figure 4.14 Estimated global technical RE potential
Source: IPCC 2011.

High-impact opportunities
Technical potential
Technical studies have consistently found that total global
technical potential for renewable energy is substantially
higher than global energy demand projected to 2050
(IPCC 2011) (figure 4.14). Technical potential for solar
energy is the highest among renewable energy sources,
but substantial potential also exists for biomass, geothermal,
hydro, wind, and ocean energy.
Available data suggest that most of this technical potential
is located in the developing world (figure 4.15 and table
4.7). For instance, at least 75 percent of the world’s unexploited potential in hydropower is located in Africa, Asia,
and South America, and about 65 percent of total geothermal potential is found in non-OECD countries (IJHD 2011;
IPCC 2011). Also, many developing nations are located
in the solar belt, the area with the highest solar irradiance
across the globe.
Clearly, the challenge will be to capture and utilize a sizable
share of this vast global technical potential in a cost-effective and environmentally and socially sound manner.
Meeting a higher share of global consumption with renewable energy sources will pose important technical

75%

of the world’s
unexploited

potential in hydropower is located in
Africa, Asia and South America.

challenges. For instance, scaling up the use of renewable
energy will require the proactive planning of transmission
systems, often on a broader regional scale, to allow for
optimization of sources and balancing of variability. In fact,
regional integration can allow increased resource use efficiency due to seasonal and dispatching complementarities (for example, among hydro, wind and solar resources).
This can be particularly important in regions with a high
potential for large hydropower (for example, South Asia),
or regions where resource endowments exhibit high complementarities (for example, East Africa).
At the same time, the parallel deployment of energy efficiency measures that reduce peak demand on the grid
while easing transmission losses and bottlenecks will
help make renewable energy objectives more attainable.
Indeed, energy systems will need to be planned and operated with both the use of renewable sources and deployment of energy efficiency measures in mind.
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figure 4.15 Hot spots: Potential for hydro, solar, wind, and geothermal
Source: MAP PREPARED BY AUTHORS with data from Ásmundsson 2008; IJHD 2011; IPCC 2011; McCoy-West and others 2011;
UNEP and NREL/U.S. DOE 2012.

The following table lists countries with high potential for renewable energy development by region and source.

Region

Solar

Wind

Greece, southern
Italy, southern
Portugal and Spain

Iceland, Baltic
Countries, Corsica,
northern Spain,
northern Europe,
Scandinavia,
southern France,
southern Italy, Switzerland, the United
Kingdom

Austria, France,
Germany, Iceland,
Italy, Portugal

EE

Balkan countries,
Russia, Ukraine

Russia

CCA

Kazakhstan, Tajikistan, Turkmenistan,
Uzbekistan

EUR

WAS

EAS

Central China, Iraq,
Arabian Peninsula,
India, Turkey

Geothermal

Large
Small
hydropowera hydropowerb
Italy, Norway,
Sweden

Bosnia and Herzegovina, Croatia,
Estonia, Finland,
Greece, Ireland,
Latvia, Luxembourg,
Macedonia (FYROM), Montenegro,
Norway, Poland,
Serbia, Spain
Hungary, Ukraine,
Romania, Russia,
Slovak Republic,
Bulgaria, Czech
Republic

Georgia, Kyrgyzstan, Tajikistan,

Armenia, Azerbaijan, Georgia,
Kazakhstan, Tajikistan, Uzbekistan

Black Sea countries (Turkey), Urals
region (Russia),

Tonga, Turkey

Iraq, Turkey

Israel,Turkey

Southwestern
China, northeastern China, Japan,
Mongolia

China, Japan

Japan, China,
Mongolia

Japan, Taiwan
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Region

Solar

Wind

Geothermal

Large
Small
hydropowera hydropowerb

SEA

Parts of Indonesia

SAS

Eastern Iran, south- India, Nepal, Pakiern Pakistan
stan

NAF

Algeria, Egypt,
Lybia, Morocco

Algeria, Egypt

SSA

Saharan countries
(particularly Mauritania, Mali, Niger,
Chad, Sudan),
eastern Africa
(Somalia and
Ethiopia), southern
Africa (particularly
Namibia, South
Africa, and
Botswana)

Central Chad,
eastern Africa,
Madagascar, Namibia, western
Sahara, Somalia,
South Africa,
Sudan

Ethiopia, Kenya

Angola, Ethiopia,
Cameroon, Congo,
Gabon, Guinea,
Madagascar,
Mozambique,
Zimbabwe

Burkina Faso,
Burundi, Cameroon,
Central African
Republic, Chad,
Ethiopia, Ghana,
Guinea, Mauritius,
Mozambique,
Namibia, South
Africa, Sudan,
Uganda, Zambia

NAM

Southwestern
North America (the
U.S. Southwest,
the northwest and
Yucatan Peninsula
of Mexico)

Alaska, central
North America
(the United States,
Canada), Greenland, northeastern
North America
(the United States,
Canada)

Mexico, United
States

Canada, Mexico,
United States

Mexico, United
States

LAC

Andean region
(Peru, Bolivia,
Ecuador, northern
Chile), Caribbean
islands, El Salvador,
Guatemala, Nicaragua, northeastern
Brazil

Central America,
northeastern Brazil,
Patagonia
(Argentina, Chile)

Costa Rica, Dominica, El Salvador,
Guatemala, Nicaragua, St. Kitts and
Nevis, St. Vincent
and the Grenadines

Argentina, Bolivia,
Brazil, Chile,
Colombia, Costa
Rica, Ecuador,
Paraguay, Peru,
Venezuela

Belize, Brazil,
Colombia, Dominica, El Salvador,
Grenada, Honduras,
Nicaragua,
Panama, Suriname,
Uruguay

Oceania Australia, Indonesia,
Philippines

Australia and New
Zealand (southwest, northeastern
coastal zones, and
Tasmania), parts of
Papua New Guinea

Australia, New
Australia, Fiji,
Zealand
French Polynesia,
New Zealand,
New Caledonia,
northern Mariana
Islands, Papua New
Guinea, Samoa,
Solomon Islands,
Vanuatu

Indonesia, Philippines, Thailand

Cambodia, Indone- Philippines, Thaisia, Laos, Malaysia, land
Myanmar, Vietnam
Afghanistan,
Bhutan, India, Iran,
Nepal, Pakistan,

India, Iran, Pakistan, Sri Lanka
Egypt

New Caledonia,
French Polynesia,
Papua New Guinea

Table 4.7 Hot spots: Countries with high potential in renewable energy
(as suggested from available data)
Source: Ásmundsson 2008; IJHD 2011; IPCC 2011; McCoy-West and others 2011; UNEP and NREL/U.S. DOE 2012.
Note: CCA: Caucasus and Central Asia; EAS: Eastern Asia; EEU: Eastern Europe; EUR: Europe; LAC: Latin America and Caribbean; NAF: Northern Africa; NAM: North America; OCEANIA: Oceania; SAS: Southern Asia; SEA: Southeastern Asia; SSA:
Sub-Saharan Africa; WAS: Western Asia.
a. Total hydropower for countries with technical potential greater than 100,000GWh/yr.
b. Definitions of small hydropower vary by country but are generally in the range of 5–30 MW.
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Economic potential
it competitive costs, especially in non-OECD countries. In
particular, a recently dominant feature of renewable energy
market dynamics has been the falling price of photovoltaic
modules, which are making this technology more competitive. Solar PV is on grid-parity in areas with very high
solar irradiance, such as North Africa, Saudi Arabia and
Australia.

Renewable energy is becoming increasingly competitive
when compared to fossil-fuel-based alternatives (figure
4.16). For instance, the levelized costs of small- and largescale hydropower and on-shore wind are already in the
same cost range as fossil-fuel-fired electricity generation.
When the resource potential or quality is high, biomass
and geothermal-based power generation may also exhib0.5
diesel-fired
electricity
cost range

2011 USD/kWh

0.4

0.3

0.2

0.1

fossil fuel-fired
electricity cost
range in oecd

OECD

Geothermal

Hydro Large

Hydro Small

Biomass

Solar PV: small

Solar PV: large

CSP

Onshore wind

Geothermal

Hydro Large

Hydro Small

Biomass

Solar PV: small

Solar PV: large

CSP

Offshore wind

Onshore wind

0.0

non-OECD

figure 4.16 Levelized costs of power generation, 2012
Source:IRENA 2013b
Note: Levelized cost represents the per kilowatt-hour cost of building and operating a generating plant over
an assumed financial life and duty cycle. While levelized costs are a convenient summary measure of the overall
competitiveness of different generating technologies, the measure does not cover the overall system costs. The
full cost of introducing different generation options (especially variable) depend on the specific conditions of
the system; for example, the extent to which variable sources match the demand profile and complement the mix of
existing sources and technologies.

At the same time, renewables are competitive in countries
vulnerable to high and volatile oil prices or those with high
electricity prices; this is especially true in net-oil-importing
countries particularly landlocked countries and SIDS. For
instance, all countries in Central America and the Caribbean are net oil importers. In both subregions, oil provides
more than 90 percent of primary energy needs and supplies more than half of power generation. The impact of
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oil price levels and changes on power generation costs
is significant in these countries, and so electricity tariffs
are very high. For example, the average residential tariff in
Central America for consumption of 100 kWh reached 15
cents/kWh in 2010 (CEPAL 2011). In this subregion, only
9 percent of power generation is supplied by renewables
other than hydropower, mainly geothermal, but also wind
(CEPAL 2011).

In West Africa, where many countries are net oil importers,
residential electricity tariffs are in the range of 15–30 cents/
kWh (for consumption of 100 kWh), mainly due to high oil
prices and the need to use emergency thermal generation (Briceño-Garmendia and Shkaratan 2011). In Uganda
the levelized cost of diesel-HFO-based thermal generation
is roughly 20–25 cents/kWh, much higher than the costs
of biomass, small hydropower, or wind-based generation
(estimated at 8 cents, 10 cents, and 12.4 cents per kWh,
respectively). In countries with such problems, renewable
energy has the potential to play a key role in hedging
against high and volatile fuel oil prices.
Indeed, more than 55 developing economies exhibit high
oil dependencies with imports supplying at least 50 percent of their domestic consumption needs. At the same
time, almost all of the 53 small island developing states
(SIDS) are completely dependent on oil and gas.13 Even
when considering the diversity of available fuels and energy sources, developing countries are more vulnerable (see
Figure 4.17).
The competitiveness of renewable energy still depends on
its relative cost vis-à-vis fossil fuels. Today, fossil fuels benefit from huge subsidies of around $523 billion annually
around the world, while renewable energy support stands

at just $88 billion (IEA 2012c). Phasing out fossil fuel subsidies while incorporating carbon-pricing mechanisms that
fully reflect the externality cost of fossil-fuel-based energy
would be critical steps toward accelerating the scale-up of
renewable energy.
Nevertheless, levelized cost comparisons between variable
sources of renewable energy (notably wind and solar) and
others (such as large hydro, geothermal and fossil fuels)
are not straightforward. The full cost of introducing different
generation options (especially variable) depends on the
specific conditions of the system—for example, the extent
to which variable sources match the demand profile and
complement the mix of existing sources and technologies.
Ultimately, attaining the SE4ALL target for renewable energy depends to a large extent on the efforts of countries
with high energy demand and consumption. These countries (including most developed and emerging economies)
would have to significantly increase their efforts to scale
up renewables, introducing effective and efficient policy
mechanisms across all segments of the energy sector and
strengthening the overall business environment to attract
and leverage different sources of finance.

figure 4.16 DIVERSITY INDEX OF PRIMARY ENERGY MIX (BASED ON HERFINDAHL-HIRSCHMAN
INDEX HHI)
Source: Prepared by authors from IEA data following Bacon and Kojima (2008), Kojima (2012)
Note: The energy sources considered in the primary energy mix are natural gas, oil and oil products, coal (coal and
peat), hydropower, other renewables (biofuels, waste, geothermal, solar, wind, other), and nuclear. Higher index
values indicate lower diversity in primary energy mix, and therefore, increased vulnerability to changes.
13

A notable exception is Trinidad and Tobago, an island country that produces both oil and gas.
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Section 4. The scale of the renewable
energy challenge
This section looks at the scale of the challenge to double
the proportion of renewable energy in the global energy
mix. It does this by comparing current trends with the trajectory required to meet the target. It then looks at projections of the proportion of renewable energy under various

scenarios, and attempts to draw some lessons about the
conditions needed to achieve the target. Finally, it highlights some of the main challenges associated with this
ambitious target, discusses opportunities, and concludes
with general policy recommendations.

Current trends in the use of renewable energy
As shown in section 2 of this chapter, there have been rapid
rises in the deployment of several renewable energy sectors
in recent years. Generation from wind and solar has grown
at double-digit annual percentage rates, and the transport
fuel sector has also grown strongly. Overall, the level of
energy generation from renewables has been growing
steadily, at a 2 percent CAGR (in terms of TFEC), and has
increased in absolute terms by 36 percent since 1990.

500

But as shown in figure 4.18, overall global energy consumption has also been rising at nearly the same rate
(1.5 percent). As a result, despite the sustained growth in
renewable energy production, the overall level of renewables as a proportion of global energy needs has essentially remained stable, at close to 18 percent.

Total Energy Consumption

Total Energy
Consumption Trends Continued

Renewables Consumption
400

300
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Renewables SE4ALL Target
Growth
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Renewables Current Trends
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0
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2020

2030

figure 4.18 Global trends in renewable energy and
total final energy consumption, 1990–2030
Source: Authors’ analysis based on IEA 2012d.
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Figure 4.18 also shows that if current trends continued to
2030, renewable energy consumption would rise by 56
percent to around 95 EJ. But if trends in TFEC were also to
continue to 2030, this would increase by 48 percent to 490
EJ, and the share of renewables in the global energy mix
would increase only to 19.4 percent.
If overall energy consumption were to stabilize, doubling
the contribution of renewables would imply consumption
of around 118 EJ by 2030, requiring an annual growth rate
of 3.5 percent (a 50 percent increase over current levels). If
current overall growth in energy demand continues, meeting the target would require the consumption of renewables to triple to around 177 EJ by 2030, an annual growth
rate of 5.9 percent, which is 2.5 times the current growth
rate. Given the likely reduction in the “traditional” use of
biomass, the increase in sustainable renewable production would have to be even larger.

19.4 %

of total final
energy consumption

from renewable sources projected for
the year 2030 under business as usual;
barely one percentage point higher
than today.

This highlights how challenging it will be to meet this goal,
and underscores the importance of the link between the
SE4ALL goals for renewable energy, energy efficiency, and
energy access. Achieving the renewable energy goal is
likely to depend both on rapid expansion of deployment
rates for renewables as well as on considerable progress
being made in reducing overall global energy consumption
via energy efficiency improvements.

Future scenarios
There are a wide range of energy scenarios that consider
how energy demands may evolve in the future and what
the role of renewable energy in the global energy mix will
be. These scenarios use different approaches: some are
based on policy considerations; others are based on a
least-cost modeling approach, given a portfolio of technology options; others are goal-oriented exercises that place
constraints on future scenarios (for example, by setting
global emission limits). Scenario analysis also uses different assumptions about many of the essential parameters,
including those relating to population and economic development and how these are coupled with energy demand,
the availability and costs of technologies, and so on.

such as Greenpeace and the World Wide Fund for Nature
(WWF), as well as major oil companies, such as BP, Exxon,
and Shell, develop and publish projections for global energy demand and supply.
A detailed review of all the relevant modeling exercises is
not attempted here, but a short summary of major projections for energy demand and supply in 2030, which highlights the wide range of projections of total final energy
consumption and the renewable energy share (from 18
percent to 45 percent), is given in table 4.8.

Several national and international organizations, such as
the IEA, the EIA, the International Institute for Applied Systems Analysis (IIASA), the European Union, and NGOs
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Renewables
(%)

TFEC (EJ)

Renewables
(%)

533

13

324

18

NPS 2030

687

17

425

21

450 ppm 2030

605

23

384

27

380

22

Organization

Scenario

IEA Statistics 2010

2010 Energy Balances

IEA 2012c

a

TPED (EJ)

EWS 2030
IEA 2012

2D

600

Reference

684

13.9

High oil case

733

13.6

Low oil case

655

13.9

ReMind

590

32

MINICAM

608

24

MESAP/PlaNet

474

39

GEA 1

446

29.8

312

36.7

GEA 2

458

29.7

321

36.3

GEA 3

457

27.9

311

34.4

GEA 4

443

33.3

303

40.7

GEA 5

456

28.1

324

34.6

GEA 6

454

34.7

314

40.9

ExxonMobil 2011e

618

14

478

24%

BP 2012

683

14

Mountains

749

14

Oceans

777

17

Greenpeace/EREC/
Revolution
GWEC 2012

340

45%

WWF, Ecofys/OMA
2012

319

42%

a

EIA 2011

b

IPCC 2011c

IIASA 2012d

f

Shell 2013

Table 4.8 Energy demand projections and renewable energy share
in major energy scenarios, 2030
Source: : IEA 2010, 2011, 2012a, 2012c; IPCC 2011; IIASA 2012; ExxonMobil 2012; BP 2012; Shell 2013; Greenpeace, EREC, and GWEC
2012; WWF, Ecofys, and OMA 2011.
Note: TPED = total primary energy demand; TFEC = total final energy consumption.
a. TPED is based on the physical energy content method, which assumes 33 percent efficiency for nuclear; 100 percent efficiency for renewable energy
resources like hydro, wind, and solar PV; 50 percent for CSP; and 10 percent for geothermal.
b. TPED is based on the substitution method.
c. In all scenarios, the direct equivalent method is used to measure primary energy demand.
d. TPED is based on the direct equivalent method, assuming 100 percent efficiency for both non-biomass renewables and nuclear.
e. The data are based on interpolations between the data points for 2025 and 2040.
f. The primary energy values of nuclear and hydroelectric power generation, as well as electricity from renewable sources, have been derived by calculating
the equivalent amount of fossil fuel required to generate the same volume of electricity in a thermal power station, assuming a conversion efficiency of 38
percent (that is, the average for OECD thermal power generation).

230Global tracking framework

The following subsections summarize the major conclusions of three major modeling exercises: the IPCC analysis
described in its Special Report on Renewable Energy; the

modeling work carried out in support of the IEA’s World
Energy Outlook (IEA 2011); and the IIASA’s Global Energy
Assessment scenario analysis.

United Nations Framework Convention on Climate Change’s (UNFCCC’s) analysis
The IPCC Special Report on Renewable Energy reviewed a
wide range of modeling exercises, covering 164 scenarios
from 16 different large-scale integrated models, and drew
some general lessons that provide a relevant context for
understanding the SE4ALL goal:

low-carbon options to be deployed. Where carbon
capture and storage (CCS) or nuclear generation is
constrained, renewable energy plays a larger role.

}}

}}

The models differ widely (by a factor of three)
in terms of the anticipated growth of overall global
energy production and demand.

The range of figures for the proportion of renewables in the global energy mix also varies widely.
More than half the scenarios show a contribution of
over 17 percent, with the highest renewable energy
share reaching 43 percent.

}}

}}

Renewable energy deployment plays a substantially higher role in scenarios associated with ambitious GHG emission targets. For scenarios targeting
atmospheric carbon dioxide concentrations (CO2)
at levels below 440 ppm, the median deployment
level for 2030 is 139 EJ with the highest level of
252 EJ. But these low-emission scenarios exhibit
a wide range of renewable energy deployment
levels, depending on assumptions about the mix of

The scenarios show that growth in renewable
energy will be worldwide and not constrained to
particular regions, although renewable energy will
become most significant in emerging and developing economies, where growth in energy demand is
likely to be focused. The scenarios also show that
the full spectrum of renewable energy technologies
will be deployed, with no dominant technology,
although modern bioenergy, wind, and solar energy
will make the largest contributions.

The IEA’s World Energy Outlook scenarios
Table 4.7 shows the primary energy demand today and in
2030 according to the three IEA scenarios developed in
the World Energy Outlook (IEA 2011). The Current Policies
Scenario (CPS) assumes that current policy commitments
are maintained. In this scenario, the level of renewables
continues to grow sharply. But given the continuing rise
of overall energy demand, the proportion of renewables
rises only slightly by 2030, to 18.4 percent. The New Policies Scenario (NPS) factors in the impacts of announced
policy commitments to improving energy efficiency and
deploying low-carbon energy technologies. In this scenario, the modeling indicates that the proportion of renewables would increase more rapidly, reaching 21.1 percent
by 2030. This is still significantly below the SE4ALL goal,
however, highlighting that current policy commitments are
insufficient to promote the type of change that the initiative
envisions.
The WEO 450 Scenario sets out an energy pathway that is
consistent with a 50 percent chance of meeting the goal
to limit the increase in average global temperature to 20C
compared with preindustrial levels. It assumes that more

vigorous policy action is taken in the years up to 2020 and
that, thereafter, OECD and other major economies set
economy-wide emissions targets consistent with a trajectory in which greenhouse gas levels are stabilized at a level
of 450 ppm of CO2 equivalent. In this scenario, the overall
level of renewables rises to 27 percent, which is still significantly below the 36.1 percent SE4ALL target. The emissions trajectory associated with the WEO 450 Scenario is
consistent with the 2°C Scenario (2DS) developed in the
context of IEA’s Energy Technology Perspectives 2012. In
the 2DS, renewables make up around 50 percent of electricity generation in 2030, and their share of total average
world electricity generation increases to 57 percent by
2050.
The WEO 450 Scenario foresees a higher share of renewables and increased energy efficiency, and also includes
ambitious deployment of CCS technology, assuming
around 35 percent of CCS in coal-fired power generation
by 2030. Other scenarios use higher levels of renewable
power generation instead of CCS technologies to reduce
global CO2 emissions.
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The IIASA’s Global Energy Assessment scenarios
Within the suite of IIASA’s Global Energy Assessment
(GEA) scenarios, a number of different energy pathways
explore alternative combinations of energy efficiency improvements and supply-side transformations to achieve
ambitious targets for sustainable development (table 4.9).
These include the goals of:

}}

Providing almost universal access to affordable
clean cooking and electricity for the poor

}}

Limiting air pollution and health damages from
energy use

}}

Improving energy security throughout the world

}}

Limiting climate change

The main aim is to provide a better understanding of
what is needed to achieve these goals in terms of the
combination of measures, time frames, and costs. This
involves consideration of the extent to which changes in the
demand for energy services together with demand-side
efficiency measures can reduce the energy consumed
to provide mobility, housing, and industrial services.
Alternatively, if there is less emphasis on reducing energy
demand, then a more rapid expansion of a broader portfolio
of low-carbon supply-side options is needed; the successful implementation of demand-side policies increases the
flexibility of supply-side options (and vice versa).
The scenarios are grouped in terms of three levels of differentiation. First, the level of energy demand is considered
via three GEA pathway groups, which represent different emphases in terms of demand-side and supply-side
changes. Each group varies, in particular, with respect to
assumptions about the comprehensiveness of demand
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-side policies to enhance efficiency, leading to pathways of
comparatively low energy demand (GEA-Efficiency), intermediate demand (GEA-Mix), and high demand (GEA-Supply).
The second level of differentiation considers what dominant
transportation fuels and technologies might emerge, distinguishing between systems in which conventional liquid
fuel systems remain important and those where advanced
systems based on electricity/hydrogen take on a major
role. For each combination, the diversity of the portfolio
of supply-side options is then considered: first, allowing
for the unconstrained deployment of the full range of technology options (including renewables, nuclear, and CCS),
then looking at a range of ten options where deployment
of one or more these technology options is constrained.
The third level of differentiation considers feasible supply
-side transitions (for example, use of CCS) as well as
demand-side measures.

21%–45%

is the range in the
share of

renewable energy in TFEC by 2030
estimated by leading global energy
models

Pathway

% RE in
TFEC, 2030

Characteristics

GEA 1

Assumes limited potential of land-based mitigation options, including low potential for biomass; no negative emissions technologies (Bio-CCS) and limited
potential for afforestation/reforestation measures. Transportation sector follows
an “advanced” trajectory (allowing for rapid expansion of, for example, electric
vehicles).

36.7

GEA 2

Assumes the phase-out of nuclear power generation in the medium term, and
no CCS. Transportation sector follows an “advanced” trajectory (allowing for
rapid expansion of, for example, electric vehicles).

36.3

GEA 3

Assumes limited potential for bioenergy and intermittent renewables (solar and
wind). Transportation sector follows a “conventional” trajectory (future vehicles
continue to reply predominantly on liquid fuels).

34.4

GEA 4

Assumes limited potential of land-based mitigation options, including low potential for biomass; no negative emissions technologies (Bio-CCS) and limited
potential for afforestation/reforestation measures. Transportation sector follows
a “conventional” trajectory (future vehicles continue to reply predominantly on
liquid fuels).

40.7

GEA 5

Assumes no CCS. Transportation sector follows a “conventional” trajectory
(future vehicles continue to reply predominantly on liquid fuels).

34.6

GEA 6

Assumes the phase-out of nuclear power generation in the medium term, and
no CCS. Transportation sector follows a “conventional” trajectory (future vehicles
continue to reply predominantly on liquid fuels).

40.9

Table 4.9 Characteristics of the six GEA pathways that meet
the SE4ALL target for renewable energY
Source: IIASA 2012.
Note: CCS can also be used in combination with bioenergy (BioCCS) to produce net negative carbon dioxide (CO 2 )
emissions. GEA = Global Energy Assessment; CCS = carbon capture and storage; TFEC = total final energy consumption
ALL OF THE SIX PATHWAYS CORRESPOND TO THE EFFICIENCY SCENARIO OF THE GLOBAL ENERGY ASSESSMENT (GEA).

A general conclusion of the analysis is that the role of renewables and other low-carbon supply-side technologies
is greater in the scenarios where restricting overall growth
in energy demand is less successful, because of added
pressure to decarbonize the supply side. The role of renewable technologies (particularly for power generation)
will increase substantially, and renewable energy will play
a significant role in achieving all the scenarios meeting the

GEA sustainability objectives. But the specific SE4ALL renewable energy goal is not achieved in all the scenarios.
In the scenarios where the renewable energy proportion
equals or exceeds the doubling target, liquid transport
fuels are still an important part of the mix (and the most
advanced transport technologies are not deployed). This
opens up greater opportunities for biofuels, and so increases the overall share of renewable energy.

Conclusions from scenarios
These three exercises indicate several conclusions:

}}

Current deployment growth rates are not high
enough to achieve the SE4ALL target on renewables (see figure 4.19). The level will need to rise
by 50 percent–250 percent, depending on trends
in overall global energy demand. The scale of the
challenge depends equally on the success in
stimulating the deployment of renewables and

constraining increases in energy demand. As a
result, the achievement of this target is intimately
linked to success in achieving the complementary
SE4ALL energy efficiency goal.

}}

Exercises show a wide range of potential energy
futures, depending on the aims and constraints
applied within different models and scenarios.
The IPCC ‘s review of modeling exercises (Special
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Report on Renewable Energy Sources and Climate
Change Mitigation) shows the share of renewables
in the global energy mix to range between 17 and
43 percent (in terms of primary rather than final
energy consumption).

}}

Consideration of the IEA’s CPS and NPS indicate that neither current policy commitments nor
those under consideration will be enough to stimulate sufficient deployment of renewables to meet the
SE4ALL goals.

}}

The six IIASA GEA scenarios concerned with
meeting sustainability targets for energy access,
limiting air pollution and health damages from
energy use, improving energy security, and limiting
climate change all include high levels of renewable

energy deployment, although the overall level does
not reach the SE4ALL goals in every case.
Overall the scenarios show how important renewables
are in any future sustainable energy mix, and at the same
time highlight their links with energy efficiency and other
low-carbon technologies. The SE4ALL target falls within
the scope of many scenarios that aim to constrain climate
change and meet other sustainability goals (although, as
shown in figure 4.19, it falls at the upper end of the spectrum of results from the scenarios).14 Strong policy action
is needed in the short term to stimulate deployment of the
technologies and to improve energy efficiency if the goal is
to be achieved.

60%
Greenpeace

50%

GEA6 & GEA 4
GEA1 & GEA 2
GEA3 & GEA 5

40%
30%

WEO 450
WEO NPS & EM
WEO CPS

20%
10%
0%
1990

2000

% RE - Historical

2010

2020

2030

% RE - Trends Continued

% RE - SE4ALL Target Growth Rate
figure 4.19 Share of renewable energy in global total final energy consumption:
Current trends and scenarios
Source: IEA 2012c; ExxonMobil 2012; IIASA 2012; Greenpeace, EREC, and GWEC 2012.
Note: WEO = World Energy Outlook; CPS = Current Policies Scenario; NPS = New Policies Scenario; GEA = Global Energy
Assessment; EM = ExxonMobil; RE = renewable energy.

14

Based on available data sources (with their associated statistical limitations), the share of renewable energy in TFEC is estimated to be 18 percent as the starting 		
point in 2010. This implies an SE4ALL objective of 36 percent for year 2030. Because the inclusion of sustainability considerations would lower this initial condition 		
and target, they should be regarded as an upper bound.
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Barriers and opportunities related to the SE4ALL
This section discusses the main barriers and opportunities
for attaining the SE4ALL objective of doubling the share of
renewable energy in the global energy mix.
The challenges of achieving SE4ALL targets vary across
regions. They are influenced by a number of factors:

}}

Expected growth in renewable energy production

}}

Expected growth in overall TFEC

}}

Expected trends in the use of traditional biomass

Table 4.10 shows historical trends in the share of renewables for different regions around the world, and compares
this with the projected data from the WEO 450 Scenario.
Within the OECD the share of renewable energy has been
rising due to successful policy efforts and low growth in
overall energy demand, as well as the low share of traditional biomass. These trends are expected to continue,
and the OECD countries are expected to significantly increase renewables’ share of TFEC.

1990
OECD34

2000

For the non-OECD countries, we can see several observed
and expected trends, depending on the patterns of overall
energy growth and the opportunities for using renewables
and switching away from inefficient biomass use. For regions with a continuing high share of renewables in the
power sector (from hydro) and lower use of traditional biomass, we can expect a trend in which the overall share
of renewables continues to increase (for example, in the
non-OECD Americas). In regions where the use of traditional biomass is widespread (that is, in Africa and Asia), a
transition to more efficient biomass fuels does not increase
the proportion of renewables even when biomass is used
more efficiently, since “raw” fuels determine the statistics.
But more efficient uses of biomass potentially free up resources for other applications.
In the WEO 450 Scenario, the Middle East also sees a
substantial increase in the share of renewable energy (5.4
percent).

2010

2030
WEO 450

6.9

7.7

10.0

28

Africa

62.2

63.1

61.7

65

Non-OECD Americas

38.0

32.7

34.5

47

Asia excluding China

51.1

43.6

36.7

37

China (region)

33.2

28.9

19.3

23

Non-OECD Europe
and Eurasia

3.3

4.8

5.4

10

Middle East

1.0

0.5

0.6

6

16.6

17.4

18.0

28

World

2030
GEA 1-6

2030
All GEA

34−41

23−41

Table 4.10 Share of renewables in total final energy consumption by region
(after allocation)
Source: Authors’ analysis based on IEA 2012d; IEA 2011; and IIASA (2012).
Note: WEO = World Energy Outlook; GEA = Global Energy Assessment; OECD = Organisation for Economic
Co-operation and Development.
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Economic and market opportunities and barriers
The costs of many renewable energy technologies have
been a major barrier to their adoption, a problem compounded in many cases by market issues, such as subsidies for competitive energy supply, and by a lack of costing
methods to include social and environmental costs such
as those related to carbon emissions. Strong growth in renewable deployment has led to significant reductions in
the costs of some of the principal technologies. Renewables can now provide a cost-competitive solution in many
circumstances.
For mini-grid and off-grid markets, renewable energy technologies are competitive or cheaper than other energy
sources in many cases (depending on available sources
and fuels). For grid-integrated projects, renewable energy
technologies are increasingly competitive in a substantial number of countries. This cycle of increased deployment and reduced costs is likely to continue and will be
an important driver for the accelerated renewable energy
deployment needed to achieve the target. But in many
markets economic barriers still need to be addressed by
policy measures that make up for the lack of a level playing
field, support market introduction, foster the development
of local supply chains and infrastructure, and stimulate
the deployment that will lead to further cost reduction and
competitiveness.

In addition, there are large market opportunities, especially in growing countries in Asia, Africa, and Latin America.
In its CPS, the IEA estimates that 75 percent of total new
capacity additions in electricity will be added in non-OECD
countries by 2030 (IEA 2012c). This scenario also foresees
the addition of 60 percent of total new renewable energy
capacity and 88 percent of total new hydroelectric capacity
in non-OECD countries (these relative shares are very similar under the IEA’s NPS).

$250-400
billion

is the annual

financing requirement for renewable
energy through 2030 to meet SE4ALL
objectives.

With regard to biofuels, the IEA estimates in both the CPS
and NPS that about 40 percent of the expected incremental consumption projected to 2030 will originate in nonOECD countries.

Noneconomic opportunities and barriers
Section 3 has already discussed a number of important
drivers for renewable energy, including energy security, climate change, and local environmental conditions. The prospective analysis using global energy models shows that
scenarios aimed at reducing CO2 emissions have higher
shares of renewables, although this share depends also
on how other low-carbon solutions like CCS are deployed.
On the other hand, several scenarios highlight noneconomic barriers related to:

}}

Policy uncertainty and risk from ineffective policy
design, discontinuity, or insufficient transparency of
policies and legislation

}}

Institutional and administrative issues, including
a lack of strong, dedicated institutions; lack of clear
responsibilities; and complicated, slow, or nontransparent permitting procedures

}}

Financial barriers associated with the absence
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of adequate funding opportunities and financing
products for renewable energy technologies

}}

Infrastructure and integration issues that mainly
center on the flexibility of the energy system (for
example, the power grid) to integrate/absorb renewable energy technologies

}}

Lack of knowledge about the availability and
performance of renewable energy technologies as
well as lack of skilled workers

}}

Environmental barriers linked to experience
with planning regulations and public acceptance of
renewable energy technologies

The relative importance of these barriers differs for each
technology and market, and the priority changes as a technology matures along the commercialization and deployment path. Also, as one barrier is overcome, others may
become apparent.

Policy requirements
Effective policies designed to tackle these barriers are a
key requirement to facilitate renewable energy deployment. This is the case even when renewables can provide
a cost-competitive energy source, given the nonfinancial
regulatory issues that can inhibit deployment.
Policy makers need to be able to deploy policy portfolios
that have maximum impact in stimulating deployment and
are as cost-effective as possible. Key issues include:

}}

Establishing a predictable renewable energy
policy framework, integrated into an overall energy
strategy with clear targets

}}

Implementing a portfolio of incentives based on
technology and market maturity where these are
necessary

}}

Adopting a dynamic policy approach based
on monitoring of policy impacts in the context of
national and global market trends.

Broadening the geographic base and the need for capacity building
To meet the SE4ALL goal for renewable energy, countries
that have already started to deploy renewables need to
continue along this path and maintain or accelerate progress. But achieving this challenging goal will depend on a
much broader range of countries taking steps to stimulate
deployment of renewables as a major component of their
overall energy mix. It is likely they can do this in the light of
accumulated experience with policy portfolios and technological deployment gained elsewhere. They can also benefit from the significant and continuing cost reductions that
are making renewables cost-competitive with other energy
sources in a much broader range of circumstances.
But in order to effectively diversify deployment there is a
need to build capacity in these new countries in the areas of:

}}

Awareness of the potential contribution of
renewable sources to national energy needs among
decision and policy makers

}}

Awareness of internationally accepted best
policy practices

}}

Development of appropriate regulatory frameworks and institutions

}}

Information and data gathering (for example, on
resource potentials and infrastructure needs)

}}

Technology skills, supply chain and installation
and maintenance capabilities.

}}

Provision of finance from local and international
sources.Public information

Conclusions
In the two decades between 1990 and 2010, the family of
renewable energy technologies has matured and established a strong foothold in global energy supply. The range
of technologies that can be considered commercially
proven has grown, and costs have been reduced significantly. With new pressures on energy supply and security,
along with the need to reduce global emissions, the case
for deployment is now stronger than ever. Growing energy demand, higher fossil-fuel prices, and the continually
diminishing costs of key technologies like wind and solar
open up new opportunities for renewables as affordable
and sustainable options in each sector (electricity, heat,
and transport).

Given the significant scale of the challenge posed by the
SE4ALL renewables target, a concerted effort will be needed from governments––both those that have already started along the path of renewable energy deployment and
those still exploring the options––to make renewables a
key component of their future sustainable energy mix. It will
also require a major coordinated effort from a wide range
of relevant international organizations to track progress, to
identify and promote best practices in policy making and
project implementation, and to assist in necessary capacity building to facilitate the diffusion of these technologies
into global energy markets.
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Annex 1: Concepts, data, and methodology
Source

Primary
Secondary
data
Source data and
source
analysis

BP

EIA

X

Enerdata
Information Services
FAO

X

IEA

X

Coun- Time Data
tries series gaps

Reports

X

Annual Statistical
Review of World
Energy

X

International Energy
Outlook

X

Global Energy and
CO2 Database

Country
surveys

IEA Energy Statistics

X

Annual Global
Energy Assessment
Report

IRENA

X

Renewable Energy
Country Profiles

OECD

X

Annual OECD Fact
Book

Platts

No
gaps

184

1970–
2010

No
gaps

138

1960–
2010

No
gaps

1950–
2009

Data
gaps in
some
time
series

Biofuels capacity
Network
of over
400 data
contributors

REN 21

X

Country
surveys

X

Annual Global Status Report

UN Data

UN Stats

X

UN Stats Monthly
Bulletin of Stats
Online

WEC

X

Annual World
Energy Trilemma
Report

WHO

1965–
2011

Wood fuel data and
analysis

IIASA

UN Data

67

Country
surveys

X

World Bank

Over 220

WHO Household
energy Database
X

World Development
Indicators

Table A1.1 Comparison of energy data sources
Source: Authors’s compilation.

This section provides descriptions of different primary energy accounting methods and an illustration of how primary

and final energy are calculated following different methods.
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Primary energy accounting
The IEA energy production statistics are based on a physical energy content primary energy accounting method.
There are in fact three main ways of presenting the primary
energy data, which can affect the overall size of the global
energy mix and of the renewable share within it. These are:

}}

The physical energy content method (used by
IEA and Eurostat)

}}

The partial substitution method (used by EIA)

}}

The direct equivalent method (used in some
IPCC reports)

A description of these methods is found in the table A1.2.

Description

Examples

Users

Physical energy content
Adopts the principle that the primary energy
form should be the first energy form used
downstream in the production process for
which multiple energy uses are practical.
This leads to the choice of the following
primary energy forms: (a) heat for nuclear,
geothermal, and solar energy, and (b) electricity for hydro, tide/wave/ocean and solar
PV energy.
The method counts the power plant input
for fossil fuels (and biomass), but counts
power plant output for nuclear, wind, solar,
hydro and geothermal.
Thus, it uses conversion efficiencies to
calculate the primary energy equivalent of
renewable energy output.

The primary energy equivalent of hydropower and solar PV assumes 100% conversion efficiency to “primary electricity” (that
is, 1 kWh of electricity converts into a gross
energy input of 3.6 MJ)

OECD
IEA
Eurostat
Enerdata

The primary energy equivalent of nuclear
assumes 33% thermal conversion efficiency
(average for nuclear plants in Europe) to
“primary electricity” (that is, 1 kWh equals
10.9 MJ of primary energy).
For geothermal, the primary energy equivalent is calculated using 10 % conversion
efficiency for electricity (in this case, 1 kWh
equals 36 MJ) and 50% for geothermal
heat.

Substitution method
Reports primary energy from noncombustible sources as if they had been substituted
for combustible energy. In other words, it
counts the equivalent primary energy of
fossil fuels needed to generate a given volume of renewable-source-based electricity.
The method uses different conversion factors for different types of renewable energy
output.
The share of renewables under this method
is thus considerably higher than in the
“physical energy content” method.
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BP applies 38% conversion efficiency to
electricity generated from nuclear and
hydro.

Used in slightly different
variants by:

WEC applies 38.6% to electricity from
nuclear and all other noncombustible
renewable sources.

US EIA

BP
WEC
IIASA (GEA)

Description

Examples

Users

Direct equivalent method
Counts one unit of secondary energy provided from noncombustible sources as one
unit of primary energy.
In this method, secondary energy means
at the point of end use; that is, as electricity
or heat.

The primary energy equivalent of noncombustible or renewable-source-based electricity assumes 100% conversion efficiency
to “primary electricity” (that is, 1 kWh of
electricity converts into 3.6 MJ of primary
energy)

UN Statistics
IPCC Reports
IIASA (IPCC)

It counts all forms of electricity equally
regardless of origin and does not use conversion efficiencies.
Table A1.2 Methods to account for the primary energy of noncombustible sources
Source: IPCC 2011); REN21 2007.
Note: different variants of the substitution method use different conversion factors.

Table A1.3 shows the figures for total primary energy supply calculated by the three methods for 2010 along with

Physical content
method

the calculated contribution from renewables to the global
energy mix.

Direct equivalent
method

Substitution method

EJ

%

EJ

%

EJ

%

Fossils

433

81%

433

85%

433

79%

Nuclear

30

6%

10

2%

26

5%

Renewables:

69

13%

68

13%

91

17%

Hydro

12

2.32%

12

2.42%

33

5.92%

Wind

1

0.23%

1

0.24%

3

0.59%

52

9.78%

52

10.21%

52

9.49%

Solar

1

0.14%

1

0.14%

1

0.17%

Geothermal

3

0.51%

1

0.11%

1

0.17%

Ocean

0

0.00%

0

0.00%

0

0.00%

1

0.25%

1

0.26%

1

0.24%

534

100%

511

100%

550

100%

Bioenergy

Other
Total

Table A1.3 Total world primary energy supply in 2010 (EJ)
Source: IEA 2012d.

chapter 4: Renewable energy243

To illustrate the effect of the different methodologies when
renewables play a more significant role in the energy mix,
table A1.4 shows the equivalent analysis based on the
IEA’s WEO 450 Scenario, in which stringent climate goals
are met through the application of the full range of lowcarbon energy technologies including renewables. In this
scenario the proportion of renewables can range between
23 percent and 29 percent, depending on the methodology used, and the ratio between the 2010 and 2030 figures
range from 1.70 for the substitution method to 1.78 for the
other two methodologies.

Physical content
method

The advantage of the primary methodology is that figures
are based directly on the physical measurement of energy
content for fossil fuels. The disadvantages are that for lowcarbon electricity sources the primary energy content has
to be calculated and the resulting figures depend on the
accounting convention used and are not always directly
related to useful energy production.

Direct equivalent
method

Substitution method

EJ

%

EJ

%

EJ

%

Fossils

408

67%

408

73%

408

62%

Nuclear

61

10%

20

4%

53

8%

141

23%

129

23%

192

29%

Hydro

20

3%

20

4%

54

8%

Bioenergy & wastes

86

14%

86

15%

86

13%

Other renewables

34

6%

22

4%

52

8%

610

100%

557

100%

653

100%

Renewables:

Total

Table A1.4 Total world primary energy supply in 2030 in WEO 450 Scenario (EJ)
Source: IEA 2012d.

Final energy accounting
The data for this methodology come from the total final
energy consumption (TFEC) figures within the IEA statistics (these exclude nonenergy uses of fossil fuels such as
those for plastics and chemicals). The TFEC figures for
power and commercial heat are lower than the figures for
their supply because of the energy used within power and
heat plants and transmission and distribution losses.

implies losses due to efficiency of conversion. The TFEC
level therefore does not represent only useful energy, or
energy service, but for direct uses of combustible sources
it only represents inputs into a transformation process that
will ultimately deliver useful energy. The final energy service
is not reported in energy statistics because it is not practical to measure.15

Within the TFEC figures, heat and electricity (secondary
energy sources) represent energy commodities ready to
be used for energy consumption. Other primary energy
sources can be directly used for energy consumption (for
example, fossil fuels and bioenergy used for heating in the
residential sector), and these are still reported in terms of
their fuel content. These sources need to go through further transformation processes (for example, combustion)
in order to provide energy services. Such transformation

In order to establish the contribution of each technology
the figures for electricity and commercial heat have to be
allocated to the relevant technology. This can be done
based on the proportions of production, attributing the
losses proportionally (although this penalizes the renewables’ share since both internal energy losses and transmission and distribution losses tend to be smaller, at least
for distributed renewable sources).

15

A household will know how much biomass/gas/electricity it used for its heating system but will not measure how much heat the heating system produced. It would
be possible to make country/use-specific assumptions on conversions in the final energy sector and estimate useful energy service—but this is a topic for an analytical
study, not a statistical assessment.
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Table A1.5 shows the breakdown of final consumption figures for 2010, before and after the allocation of electricity

total final
consumption

and heat, using final energy consumption figures based on
the IEA’s WEO 450 Scenario.

total final energy
consumption

total final energy
consumption after
allocation

EJ

%

EJ

%

EJ

%

243

66%

209

63%

263

79%

0

0%

0

0%

8

3%

47

13%

47

14%

61

18%

Hydro

0

0.00%

0

0.00%

10

3%

Wind

0

0.00%

0

0.00%

1

0.35%

46

12.61%

46

13.91%

48

14%

Solar

1

0.17%

1

0.19%

1

0.27%

Geothermal

0

0.08%

0

0.09%

0

0.15%

Ocean

0

0.00%

0

0.00%

0

0.00%

Other renewables

0

0.00%

0

0.00%

Electricity

64

18%

64

19%

x

x

Heat

12

3%

12

3%

x

x

Total

366

100%

332

100%

332

100%

Fossils
Nuclear
Renewables:

Bioenergy

0.02%

Table A1.5 Total final energy consumption in 2010
Source: IEA 2012d.

The advantage of using the TFEC as the basis for monitoring is that it allows a straight comparison in GWh for
electricity-producing renewables/nuclear and for commercial heat and gets closer to measuring the useful energy.
But bioenergy and direct use of fossil fuels for heat are
still reported in terms of energy inputs, and the useful heat

from these sources depends on the conversion efficiency.
Non-energy uses are excluded. The disadvantage is that
the energy in the electricity and commercial heat sectors
has to be allocated to the relevant technology based on
the production proportions, and the losses are disproportionally allocated to the renewable technologies.

total final energy
consumption after allocation
EJ

%

256

67%

17

5%

109

28%

Hydro

18

5%

Bioenergy & wastes

72

19%

Other renewables

20

5%

382

100%

Fossils
Nuclear
Renewables:

Total

Table A1.6 Total final energy consumption in 2030 in WEO 450 scenario
Source: IEA 2012d.
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Annex 2. Global trends in renewable energy
average production cost of ethanol [usd(2005)/m3)

cummulative ethanol production in brazil (106 m3)
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640
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1985
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1995
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10

1
1,000

10,000
cummulative sugarcane production in brazil (106 tonnes sugarcane)

figure A2.1 Learning curve for sugarcane-based bioethanol
ethanol: sugarcane-based production

sugarcane production
Source: Van den Wall Bake. and others 2009.

Annex 3. Country performance
hics
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LICS
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45%

Brazil
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35%
25%
15%
5%
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Philippines
Spain
Turkey
France Nigeria
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Mexico
Thailand
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Indonesia
Kyrgyzstan Canada
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India
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figure A3.1 Share of renewable
energy (excluding traditional use of biomass)
in country TFEC and CAGR, 1990–2010
Source: Authors’ analysis based on IEA 2012d.
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figure a3.2 Share of renewable energy (excluding traditional use of
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biomass and hydropower) in country TFEC and CAGR, 1990–2010
Source: IEA 2012d.
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figure a3.3 Share of NCRE in TFEC vs. CAGR
Source: Authors’ analysis based on IEA 2012d.
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a. Share in TFEC
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b. Share in total electricity consumption
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figure a3.4 Share of hydro in country TFEC and electricity consumption vs. CAGR, 1990–2010
Source: Authors’ analysis based on IEA 2012d.
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figure a3.5 Share of wind in electricity consumption vs. CAGR, 1990—2010
Source: Authors’ analysis based on IEA 2012d.
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figure a3.6 Share of solar PV in electricity consumption vs. CAGR, 1990—2010
Source: Authors’ analysis based on IEA 2012d.
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figure a3.7 Share of biofuels in electricity consumption vs. CAGR, 1990-2010
Source: Authors’ analysis based on IEA 2012d.
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figure a3.8 Share of geothermal energy in country TFEC vs. CAGR, 1990–2010
Source: Authors’ analysis based on IEA 2012d.
Note: Bubble size represents volume of final renewable energy consumption in 2010. TFEC = total final energy
consumption; CAGR = compount annual growth rate.
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