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availability of fossil resources. Other assumptions (e.g., improved costs and performance of RE technologies) render RE 
technologies increasingly economically competitive in many applications even in the absence of climate policy. [10.2]

RE deployment signifi cantly increases in scenarios with low GHG stabilization concentrations. Low GHG stabi-
lization scenarios lead on average to higher RE deployment compared to the baseline. However, for any given long-term 
GHG concentration goal, the scenarios exhibit a wide range of RE deployment levels (Figure SPM.9). In scenarios that 
stabilize the atmospheric CO2 concentrations at a level of less than 440 ppm, the median RE deployment level in 2050 
is 248 EJ/yr (139 in 2030), with the highest levels reaching 428 EJ/yr by 2050 (252 in 2030). [10.2]   

Many combinations of low-carbon energy supply options and energy effi ciency improvements can con-
tribute to given low GHG concentration levels, with RE becoming the dominant low-carbon energy supply 
option by 2050 in the majority of scenarios. This wide range of results originates in assumptions about factors such 
as developments in RE technologies (including bioenergy with CCS) and their associated resource bases and costs; the 
comparative attractiveness of other mitigation options (e.g., end-use energy effi ciency, nuclear energy, fossil energy 
with CCS); patterns of consumption and production; fundamental drivers of energy services demand (including future 
population and economic growth); the ability to integrate variable RE sources into power grids; fossil fuel resources; 
specifi c policy approaches to mitigation; and emissions trajectories towards long-term concentration levels. [10.2]

Figure SPM.9 | Global RE primary energy supply (direct equivalent) from 164 long-term scenarios versus fossil and industrial CO2 emissions in 2030 and 2050. Colour coding is based 
on categories of atmospheric CO2 concentration stabilization levels that are defi ned consistently with those in the AR4. The panels to the right of the scatterplots show the deployment 
levels of RE in each of the atmospheric CO2 concentration categories. The thick black line corresponds to the median, the coloured box corresponds to the inter-quartile range (25th to 
75th percentile) and the ends of the white surrounding bars correspond to the total range across all reviewed scenarios. The grey crossed lines show the relationship in 2007. [Figure 
10.2, 10.2.2.2]

Notes: For data reporting reasons only 161 scenarios are included in the 2030 results shown here, as opposed to the full set of 164 scenarios. RE deployment levels below those of 
today are a result of model output and differences in the reporting of traditional biomass. For details on the use of the ‘direct equivalent’ method of accounting for primary energy 
supply and the implied care needed in the interpretation of scenario results, see Box SPM.2. Note that categories V and above are not included and category IV is extended to 600 
ppm from 570 ppm, because all stabilization scenarios lie below 600 ppm CO2 in 2100 and because the lowest baseline scenarios reach concentration levels of slightly more than 
600 ppm by 2100.
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The scenario review in this Special Report indicates that RE has a large potential to mitigate GHG emis-
sions. Four illustrative scenarios span a range of global cumulative CO2 savings between 2010 and 2050, from about 
220 to 560 Gt CO2 compared to about 1,530 Gt cumulative fossil and industrial CO2 emissions in the IEA World Energy 
Outlook 2009 Reference Scenario during the same period. The precise attribution of mitigation potentials to RE depends 
on the role scenarios attribute to specifi c mitigation technologies, on complex system behaviours and, in particular, on 
the energy sources that RE displaces. Therefore, attribution of precise mitigation potentials to RE should be viewed with 
appropriate caution. [10.2, 10.3, 10.4]

Scenarios generally indicate that growth in RE will be widespread around the world. Although the precise 
distribution of RE deployment among regions varies substantially across scenarios, the scenarios are largely consistent 
in indicating widespread growth in RE deployment around the globe. In addition, the total RE deployment is higher over 
the long term in the group of non-Annex I countries12 than in the group of Annex I countries in most scenarios (Figure 
SPM.10). [10.2, 10.3]

12 The terms ‘Annex I’ and ‘non-Annex I’ are categories of countries that derive from the United Nations Framework Convention on Climate 
Change (UNFCCC).

Figure SPM.10 | Global RE primary energy supply (direct equivalent) by source in the group of Annex I (AI) and the group of Non-Annex I (NAI) countries in 164 long-term scenarios 
by 2030 and 2050. The thick black line corresponds to the median, the coloured box corresponds to the inter-quartile range (25th to 75th percentile) and the ends of the white 
surrounding bars correspond to the total range across all reviewed scenarios. [Figure 10.8, 10.2.2.5]

Notes: For details on the use of the ‘direct equivalent’ method of accounting for primary energy supply and the implied care needed in the interpretation of scenario results, see Box 
SPM.2. More specifi cally, the ranges of secondary energy provided from bioenergy, wind energy and direct solar energy can be considered of comparable magnitude in their higher 
penetration scenarios in 2050. Ocean energy is not presented here as only very few scenarios consider this RE technology.
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Scenarios do not indicate an obvious single dominant RE technology at a global level; in addition, the 
global overall technical potentials do not constrain the future contribution of RE. Although the contribution of 
RE technologies varies across scenarios, modern biomass, wind and direct solar commonly make up the largest contri-
butions of RE technologies to the energy system by 2050 (Figure SPM.11). All scenarios assessed confi rm that technical 
potentials will not be the limiting factors for the expansion of RE at a global scale. Despite signifi cant technological and 
regional differences, in the four illustrative scenarios less than 2.5% of the global available technical RE potential is 
used. [10.2, 10.3]
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Figure SPM.11 | Global primary energy supply (direct equivalent) of bioenergy, wind, direct solar, hydro, and geothermal energy in 164 long-term scenarios in 2030 and 2050, 
and grouped by different categories of atmospheric CO2 concentration level that are defi ned consistently with those in the AR4. The thick black line corresponds to the median, the 
coloured box corresponds to the inter-quartile range (25th to 75th percentile) and the ends of the white surrounding bars correspond to the total range across all reviewed scenarios. 
[Excerpt from Figure 10.9, 10.2.2.5] 

Notes: For details on the use of the ‘direct equivalent’ method of accounting for primary energy supply and the implied care needed in the interpretation of scenario results, see Box 
SPM.2. More specifi cally, the ranges of secondary energy provided from bioenergy, wind energy and direct solar energy can be considered of comparable magnitude in their higher 
penetration scenarios in 2050. Ocean energy is not presented here as only very few scenarios consider this RE technology. Note that categories V and above are not included and 
category IV is extended to 600 ppm from 570 ppm, because all stabilization scenarios lie below 600 ppm CO2 in 2100 and because the lowest baselines scenarios reach concentra-
tion levels of slightly more than 600 ppm by 2100.
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Individual studies indicate that if RE deployment is limited, mitigation costs increase and low GHG concen-
tration stabilizations may not be achieved. A number of studies have pursued scenario sensitivities that assume 
constraints on the deployment of individual mitigation options, including RE as well as nuclear and fossil energy with 
CCS. There is little agreement on the precise magnitude of the cost increase. [10.2]

A transition to a low-GHG economy with higher shares of RE would imply increasing investments in technol-
ogies and infrastructure. The four illustrative scenarios analyzed in detail in the SRREN estimate global cumulative RE 
investments (in the power generation sector only) ranging from USD2005 1,360 to 5,100 billion for the decade 2011 to 
2020, and from USD2005 1,490 to 7,180 billion for the decade 2021 to 2030. The lower values refer to the IEA World 
Energy Outlook 2009 Reference Scenario and the higher ones to a scenario that seeks to stabilize atmospheric CO2 
(only) concentration at 450 ppm. The annual averages of these investment needs are all smaller than 1% of the world’s 
gross domestic product (GDP). Beyond differences in the design of the models used to investigate these scenarios, 
the range can be explained mainly by differences in GHG concentrations assessed and constraints imposed on the set 
of admissible mitigation technologies. Increasing the installed capacity of RE power plants will reduce the amount of 
fossil and nuclear fuels that otherwise would be needed in order to meet a given electricity demand. In addition to 
investment, operation and maintenance (O&M) and (where applicable) feedstock costs related to RE power plants, any 
assessment of the overall economic burden that is associated with their application will have to consider avoided fuel 
and substituted investment costs as well. Even without taking the avoided costs into account, the lower range of the 
RE power investments discussed above is lower than the respective investments reported for 2009. The higher values of 
the annual averages of the RE power sector investment approximately correspond to a fi ve-fold increase in the current 
global investments in this fi eld. [10.5, 11.2.2]

7.  Policy, implementation and fi nancing

An increasing number and variety of RE policies—motivated by many factors—have driven escalated 
growth of RE technologies in recent years. [1.4, 11.2, 11.5, 11.6] Government policies play a crucial role in acceler-
ating the deployment of RE technologies. Energy access and social and economic development have been the primary 
drivers in most developing countries whereas secure energy supply and environmental concerns have been most 
important in developed countries [9.3, 11.3]. The focus of policies is broadening from a concentration primarily on RE 
electricity to include RE heating and cooling and transportation. [11.2, 11.5]

RE-specifi c policies for research, development, demonstration and deployment help to level the playing fi eld for RE. 
Policies include regulations such as feed-in-tariffs, quotas, priority grid access, building mandates, biofuel blending 
requirements, and bioenergy sustainability criteria. [2.4.5.2, 2.ES, TS.2.8.1] Other policy categories are fi scal incentives 
such as tax policies and direct government payments such as rebates and grants; and public fi nance mechanisms such 
as loans and guarantees. Wider policies aimed at reducing GHG emissions such as carbon pricing mechanisms may also 
support RE.  

Policies can be sector specifi c, can be implemented at the local, state/provincial, national and in some cases regional 
level, and can be complemented by bilateral, regional and international cooperation. [11.5]
Policies have promoted an increase in RE capacity installations by helping to overcome various barriers. [1.4, 
11.1, 11.4, 11.5, 11.6] Barriers to RE deployment include:

• Institutional and policy barriers related to existing industry, infrastructure and regulation of the energy system; 

•  Market failures, including non-internalized environmental and health costs, where applicable;
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•  Lack of general information and access to data relevant to the deployment of RE, and lack of technical and knowl-
edge capacity; and

•  Barriers related to societal and personal values and affecting the perception and acceptance of RE technologies. 
[1.4, 9.5.1, 9.5.2.1] 

Public R&D investments in RE technologies are most effective when complemented by other policy instru-
ments, particularly deployment policies that simultaneously enhance demand for new technologies. Together, 
R&D and deployment policies create a positive feedback cycle, inducing private sector investment. Enacting deployment 
policies early in the development of a given technology can accelerate learning by inducing private R&D, which in turn 
further reduces costs and provides additional incentives for using the technology. [11.5.2]

Some policies have been shown to be effective and effi cient in rapidly increasing RE deployment. However, 
there is no one-size-fi ts-all policy. Experience shows that different policies or combinations of policies can be more 
effective and effi cient depending on factors such as the level of technological maturity, affordable capital, ease of inte-
gration into the existing system and the local and national RE resource base. [11.5] 

•  Several studies have concluded that some feed in tariffs have been effective and effi cient at promoting RE elec-
tricity, mainly due to the combination of long-term fi xed price or premium payments, network connections, and 
guaranteed purchase of all RE electricity generated. Quota policies can be effective and effi cient if designed to 
reduce risk; for example, with long-term contracts. [11.5.4] 

•  An increasing number of governments are adopting fi scal incentives for RE heating and cooling. Obligations to 
use RE heat are gaining attention for their potential to encourage growth independent of public fi nancial support. 
[11.5.5]

•  In the transportation sector, RE fuel mandates or blending requirements are key drivers in the development of most 
modern biofuel industries. Other policies include direct government payments or tax reductions. Policies have infl u-
enced the development of an international biofuel trade. [11.5.6] 

The fl exibility to adjust as technologies, markets and other factors evolve is important. The details of design and imple-
mentation are critical in determining the effectiveness and effi ciency of a policy. [11.5]. Policy frameworks that are 
transparent and sustained can reduce investment risks and facilitate deployment of RE and the evolution of low-cost 
applications. [11.5, 11.6] 

‘Enabling’ policies support RE development and deployment. A favourable, or enabling, environment for RE 
can be created by addressing the possible interactions of a given policy with other RE policies as well as with energy 
and non-energy policies (e.g., those targeting agriculture, transportation, water management and urban planning); by 
easing the ability of RE developers to obtain fi nance and to successfully site a project; by removing barriers for access 
to networks and markets for RE installations and output; by increasing education and awareness through dedicated 
communication and dialogue initiatives; and by enabling technology transfer. In turn, the existence of an ‘enabling’ 
environment can increase the effi ciency and effectiveness of policies to promote RE. [9.5.1.1, 11.6]

Two separate market failures create the rationale for the additional support of innovative RE technologies 
that have high potential for technological development, even if an emission market (or GHG pricing policy 
in general) exists. The fi rst market failure refers to the external cost of GHG emissions. The second market failure is in 
the fi eld of innovation: if fi rms underestimate the future benefi ts of investments into learning RE technologies or if they 
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cannot appropriate these benefi ts, they will invest less than is optimal from a macroeconomic perspective. In addition 
to GHG pricing policies, RE-specifi c policies may be appropriate from an economic point of view if the related oppor-
tunities for technological development are to be addressed (or if other goals beyond climate mitigation are pursued). 
Potentially adverse consequences such as lock-in, carbon leakage and rebound effects should be taken into account in 
the design of a portfolio of policies. [11.1.1, 11.5.7.3] 

The literature indicates that long-term objectives for RE and fl exibility to learn from experience would be 
critical to achieve cost-effective and high penetrations of RE. This would require systematic development of 
policy frameworks that reduce risks and enable attractive returns that provide stability over a time frame relevant to 
the investment. An appropriate and reliable mix of policy instruments, including energy effi ciency policies, is even more 
important where energy infrastructure is still developing and energy demand is expected to increase in the future. [11.5, 
11.6, 11.7]

8.  Advancing knowledge about renewable energy

Enhanced scientifi c and engineering knowledge should lead to performance improvements and cost reductions in RE 
technologies. Additional knowledge related to RE and its role in GHG emissions reductions remains to be gained in a 
number of broad areas including: [for details, see Table 1.1]

•  Future cost and timing of RE deployment;

•  Realizable technical potential for RE at all geographical scales;

•  Technical and institutional challenges and costs of integrating diverse RE technologies into energy systems and 
markets;

•  Comprehensive assessments of socioeconomic and environmental aspects of RE and other energy technologies;

•  Opportunities for meeting the needs of developing countries with sustainable RE services; and

•  Policy, institutional and fi nancial mechanisms to enable cost-effective deployment of RE in a wide variety of 
contexts.

Knowledge about RE and its climate change mitigation potential continues to advance. The existing scientifi c knowl-
edge is signifi cant and can facilitate the decision-making process. [1.1.8] 


