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Renewable energy in 2010 supplied an estimated 16.7% 
of global final energy consumption. Of this total, an 
estimated 8.2% came from modern renewable energy—
counting hydropower, wind, solar, geothermal, biofuels, 
and modern biomass.1i (See Figure 1.) Traditional 
biomass, which is used primarily for cooking and heating 
in rural areas of developing countries, and could be 
considered renewable,ii accounted for approximately 
8.5% of total final energy. (See Rural Renewable Energy 
section for more on traditional biomass.) Hydropower 
supplied about 3.3% of global final energy consumption, 
and hydro capacity is growing steadily from a large base. 
All other modern renewables provided approximately 
4.9% of final energy consumption in 2010, and have 
been experiencing rapid growth in many developed and 
developing countries alike.

Modern renewable energy can substitute for fossil fuels 
in four distinct markets: power generation, heating and 
cooling, transport fuels, and rural/off-grid energy ser-
vices. This section provides an overview of recent market 
and industry developments in the first three sectors; 
rural/off-grid energy in developing countries is covered 
in the Rural Renewable Energy section. The section that 

follows provides more detailed coverage of market and 
industry developments and trends by technology.

During the period from end-2006 through 2011, total 
global installed capacityiii of many renewable energy 
technologies grew at very rapid rates. Solar photovolta-
ics (PV) grew the fastest of all renewable technologies 
during this period, with operating capacity increasing an 
average of 58% annually. It was followed by concentrat-
ing solar thermal power (CSP), which increased almost 
37%, growing from a small base, and wind power, which 
increased 26%.2 (See Figure 2.) For the first time ever, in 
2011 solar PV accounted for more new electric generat-
ing capacity in the European Unioniv than did any other 
technology.3 

Demand is also increasing rapidly for solar thermal heat 
systems, geothermal ground-source heat pumps, and 
some biomass fuels.4 The growth of liquid biofuels has 
been mixed in recent years, with biodiesel production 
expanding in 2011, and ethanol stable or down slightly 
compared with 2010.5 Hydropower and geothermal 
power are growing globally at rates of 2–3% per year, 
making them more comparable with global growth rates 
for fossil fuels.6 In several countries, however, the growth 

01 GLOBAL MARKET AND INDUSTRY OVERVIEW
401

i - Endnotes are numbered by section and begin on page 135.
ii - Biomass plays a critical role in meeting rural energy demand in much of the developing world. There is debate about the sustainability of 
traditional biomass, and some people (although they may be in the minority) do not consider it to be renewable. For information about the 
environmental and health impacts of traditional biomass, see H. Chum et al., “Bioenergy,” in Intergovernmental Panel on Climate Change, (IPCC), 
Special Report on Renewable Energy Sources and Climate Change Mitigation (Cambridge, U.K.: Cambridge University Press, 2011), and John P. 
Holdren et al., “Energy, the Environment, and Health,” in World Energy Assessment: Energy and the Challenge of Sustainability (New York: United 
Nations Development Programme, 2000).
iii - The following sections include energy data where possible but focus mainly on installed and operating capacity data. See Note on 
Accounting and Reporting on page 167.
iv - The use of “European Union,” or “EU” throughout refers specifically to the EU-27.

Fossil fuels   80.6%

Nuclear   2.7%

Biofuels 0.7%

Biomass/solar/
geothermal
hot water/heating 3.3%

Global energy

Wind/solar/biomass/
geothermal power 
generation 0.9 %

Hydropower       3.3%

Figure 1. Renewable Energy Share of Global Final Energy Consumption, 2010

Source: See 
Endnote 1 for 
this section.
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Renewables accounted for almost half of the estimated 
208 GW of new electric capacity installed globally in 
2011.12 In fact, non-hydro renewables have accounted 
for a larger and larger share of new electric capacity over 
the past several years, rising from 10% in 2004 to about 
37% in 2011, while their share of total global generating 
capacity has more than doubled during this period.13 
Total renewable power capacity worldwide exceeded 
1,360 GW in 2011, up about 8% from 2010.14 Non-hydro 
renewables exceeded 390 GW, a 24% capacity increase 
over 2010.15 Globally, wind and solar PV accounted 
for almost 40% and 30% of new renewable capacity, 
respectively, followed by hydropower (nearly 25%).16 
(See Reference Table R1.) 

By the end of 2011, operating renewable capacity com-
prised more than 25% of total global power generating 
capacity (estimated at 5,360 GW by end-2011) and sup-
plied an estimated 20.3% of global electricity, with most 
of this provided by hydropower.17 i (See Figure 3.) While 
renewable capacity rises at a rapid rate from year to year, 
renewable energy’s share of total generation is increas-
ing more slowly because much of the renewable capacity 
relies on variable sources, such as wind and solar energy, 
and because many countries continue to add significant 
fossil fuel capacity.18 At the same time, in some countries 
the electricity generation from variable resources has 
reached impressive record peaks, meeting high shares 
of national power demand and positively affecting spot 
market prices via the merit order effect.19

Including hydropower, China, the United States, Brazil, 
Canada, and Germany (followed closely by India) were 
the top countries for total installed renewable electric 
capacity by the end of 2011. The top countries for non-
hydro renewable power capacity were China, the United 
States, Germany, Spain, and Italy, followed closely by 
India, with Japan a distant seventh.20 Among these coun-
tries, the ranking on a per-person basis put Germany 
first, followed by Spain, Italy, the United States, Japan, 
China, and India.21 (See Top Five Table on page 19 for 
other rankings; see also Figure 4, page 25, and Reference 
Table R2.) By region, the EU was home to approximately 
44% of global non-hydro renewable capacity at the end 
of 2011, and the BRICS nations accounted for almost 
26%; their share has been increasing in recent years, but 
virtually all of this capacity is in China, India, and Brazil.

China ended 2011 with more renewable power capacity 
than any other nation, or about one-fifth of the world’s 
total, passing the United States for total installed non-
hydropower capacity. China had an estimated 70 GW not 
including hydropower (mostly wind power), and 282 GW 
with hydropower. Of the 90 GW of electric capacity newly 
installed during the year, all renewables accounted for 

more than one-third, and non-hydro renewables for more 
than one-fifth.22 China again led the world in the instal-
lation of wind turbines and was the top hydropower 
producer and leading manufacturer of solar PV modules 
in 2011. Hydropower generation declined by 3.5% 
relative to 2010, but wind power generation increased by 
48.2% during the year.23 

In the United States, renewables accounted for 12.7% 
of net electricity generation in 2011 (up from 10.4% in 
2010), with the largest share from hydropower. Non-
hydro renewables generated 4.7% of total net electricity, 
up from 4% in 2010 and 3.7% in 2009.24 Renewable 
energy made up an estimated 39% of national electric 
capacity additions in 2011, with most of this from wind 
power, and 11.6% of cumulative electric capacity at 
year’s end.25 Further, all renewables accounted for about 
11.8% of U.S. primary energy production (compared 
with nuclear’s 10.6% share), up from 10.9% in 2010.26 
The number of U.S. states that generate more than 10% 
of their electricity from non-hydro renewable energy has 
increased from two to nine over the past decade.27

In Germany, all renewable sources met about 12.2% of 
total final energy consumption and accounted for 20% 
of electricity consumption (up from 17.2% in 2010 and 
16.4% in 2009), generating more electricity than nuclear, 
hard coal, or gas-fired power plants.28 Of the nearly 122 
TWh generated with renewable sources during 2011, 
wind energy accounted for the largest share (38.1%), 
followed by biomass (30.3%), hydropower (16%), and 
solar PV (15.6%).29 

401

i - Global hydropower data and thus total renewable energy statistics in this report reflect an effort to remove capacity of pure pumped storage 
from the totals. For more information, see Note on Accounting and Reporting on page 167.

Fossil fuels 
and nuclear   79.7%

 Hydro-  
 power  15.3%

 Other 5.0% 
 renewables
 (non-hydro)

FIGuRE 3. ESTIMaTEd RENEwablE ENERGy 
ShaRE OF GlObal ElECTRICITy 
PROduCTION, 2011

Note: Based on renewable generating capacity in operation at 
year-end 2011.  

Source: See 
Endnote 17 for 
this section.
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FIGuRE 17. wINd POwER TOTal wORld CaPaCITy, 1996–2011

Source:  
See Endnote 1 

for this section.
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FIGuRE 19. MaRkET ShaRES OF TOP 10 wINd TuRbINE MaNuFaCTuRERS, 2011

Source:  
See Endnote 7 

for this section.

FIGuRE 18. wINd POwER CaPaCITy, TOP 10 COuNTRIES, 2011
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Source:  
See Endnote 1 

for this section.

Source:  
See Endnote 10 
for this section.
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Source:  
See Endnote 56 
for this section. TOTal SalES = >40 Gw
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in these and other renewable technologies far exceeds 
the global average. 

Across most technologies, renewable energy industries 
saw continued growth in equipment manufacturing, 
sales, and installation during 2011. Solar PV and onshore 
wind power experienced dramatic price reductions dur-
ing the course of the year resulting from declining costs 
due to economies of scale, technology advances, and 
other factors, but also due to reductions or uncertainties 
in policy support.  

At the same time, some renewable energy indus-
tries—particularly solar PV manufacturing—have been 
challenged by these falling prices, declining policy 
support, the international financial crisis, and tensions 
in international trade.7 Continuing economic challenges, 
especially in traditional renewable energy markets, and 
changing policy environments in many countries (see 
Policy Landscape section) contributed to some industry 
uncertainties or negative outlooks, and over the course 
of the year there was a steady decline in new projects 
proposed for development.8 Impacts on jobs in the 
renewable energy sector have been mixed, but global 
employment numbers have continued to rise.9 (See 
Sidebar 1, page 26.)

Industry consolidation continued among players both 
large and small, most notably in the solar PV, wind power, 
and biofuel industries.10 The emergence of increasingly 
vertically integrated supply chains continued in 2011, as 
well as the movement of manufacturing firms into proj-
ect development. Across the board, from wind and solar 
power to solar thermal to biofuels, traditional energy and 

technology companies continue to play important roles 
in production and project development.11   

Longstanding trends in internationalisation of markets 
and industries also continued, with all renewable 
technologies expanding into new markets as traditional 
markets become relatively less important. In part this 
has been the result of oversupply pushing players 
towards emerging market niches in new countries and 
regions. Leadership in both markets and manufacturing 
continued to shift towards developing countries, with 
China and India playing an increasingly significant role, 
and with new players emerging elsewhere in Asia as well 
as in Latin America and the Middle East and North Africa 
(MENA) region.

Solar PV

Wind power

Concentrating Solar 
Thermal Power (CSP)

Geothermal power

Hydropower

Solar hot
water/heating

Ethanol production

Biodiesel production

58%58%

26%

37%37%
35%35%

20%

2%
1%

3%
3%

17%17%
27%27%

17%17%

27%
16%16%

-0.5%

74%

2011 only
End-2006 through 2011 
Five-Year Period

FIGuRE 2. avERaGE aNNual GROwTh RaTES OF RENEwablE ENERGy CaPaCITy aNd 
 bIOFuElS PROduCTION, 2006–2011

Source: See 
Endnote 2 for 

this section.
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Global new investment in renewable energy increased 
17% in 2011, to a new record of USD 257 billion.i This 
was more than six times the figure for 2004, and 94% 
more than the total in 2007, the last year before the 
acute phase of the recent global financial crisis.ii If the 
unreported investment in solar hot water collectors of 
more than (estimated) USD 10 billion is included, total 
new investment exceeded USD 267 billion.1 An additional 
estimated USD 25.5 billion was invested in hydropower 
projects larger than 50 MW in size.2 

The increase between 2010 and 2011 was well below 
the 37% rise between 2009 and 2010, but it took place 
at a time when the cost of renewable power equip-
ment, particularly solar PV modules and onshore wind 
turbines, was falling rapidly. (See Market and Industry 
Trends section.) This meant that the increase in gigawatt 
capacity in 2011 was significantly greater than the gain 
in dollar terms. The latest investment increase also took 
place at a time of uncertainty about economic growth 
and policy priorities in developed economies.

Two highlights of 2011 were the performance of solar 
power and developments in the United States. Wind 
power, the biggest single sector for investment in recent 
years, was surpassed spectacularly by solar power in 
2011. Solar PV attracted nearly twice as much invest-
ment as wind. Total investment in solar power jumped 
52%, to USD 147 billion. It was helped by booming 
rooftop PV installations in Germany and Italy, the spread 
of small-scale PV to other markets from China to the 
U.K., and a spurt in the financing of large-scale solar 
thermal electricity generation (CSP) projects in Spain 
and the United States. By contrast, total investment in 
wind power slipped 12% to USD 84 billion as a result of 
lower turbine prices, policy uncertainty in Europe, and 
a slowdown in China’s previously rapid growth in wind 
installations.

The boom in solar investment in 2011 took place 
against the backdrop of significant corporate distress 
in that sector, along with decreasing share prices. The 
reasons for this apparent inconsistency included the 
rapidly falling prices of PV modules due to economies 
of scale in manufacturing, the rise of low-cost Chinese 
producers, reduced policy support in some countries, 
and global over-capacity.  While the resulting 50% fall 

in module prices during the year stimulated demand for 
PV panels, particularly on rooftops, it negatively affected 
the financial results of many hardware makers. By the 
end of 2011, PV modules were selling for between USD 1 
and 1.20 per watt, which is about 76% below the average 
price in the summer of 2008.

The second highlight of 2011 was a resurgence—at least 
temporarily—of U.S. importance in the renewable energy 
sector. Although still in second place just a hair behind 
China, the United States performed far better in 2011 
relative to the previous year, with a 57% leap to USD 51 
billion.iii By contrast, investment in China gained only 
17%, reaching USD 52 billion, and in Germany it dipped 
12% to USD 31 billion (excluding R&D).

The U.S. recovery owed much to the fact that three signifi-
cant federal incentive programmes for renewable energy 
expired during 2011 or were heading towards scheduled 
expiry.3 Developers rushed to finance projects in time to 
take advantage of policy measures while they still could. 

Figure 20 shows the resilient growth of renewable 
energy investment between 2004 and 2011, with expan-
sion continuing after the recession of 2008–2009 and 
the subsequent, disappointing recovery in developed 
economies.

03 INvESTMENT FlOwS
4103

i - This section is derived from United Nations Environment Programme (UNEP)/Frankfurt School/Bloomberg New Energy Finance (BNEF), 
Global Trends in Renewable Energy Investment 2012 (Frankfurt: 2012), the sister publication to the GSR. Figures are based on the output of the 
Desktop database of BNEF unless otherwise noted. The following renewable energy projects are included: all biomass, geothermal, and wind 
power projects of more than 1 MW, all hydropower projects between 1 MW and 50 MW, all solar projects, with those less than 1 MW estimated 
separately and referred to as small-scale projects, or small distributed capacity, all ocean energy projects, and all biofuel projects with a capacity 
of 1 million litres or more per year. For more detailed information, please refer to the UNEP/Frankfurt School/BNEF Global Trends report. 
ii - Figures exclude hydropower projects larger than 50 MW. BNEF continuously monitors investment in renewable energy. This is a dynamic 
process: as the sector’s visibility grows, information flow improves. New deals come to light and existing data are refined, meaning that historic 
figures are constantly updated. For example, specific improvements in the last year have included enhanced coverage of projects in Southeast 
Asia, better coverage of small hydropower, and the introduction of intensive quality checks for every quarter’s data. 
iii - If investment in energy-smart technologies such as energy efficiency (see Feature section) and smart grids is also considered, the United 
States is clearly in the lead.
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Global investment in renewable power and fuels 
increased 17% to a new record of $257 billion in 2011.
Solar spectacularly passed wind power, and U.S. invest-
ment surged in advance of expiring support policies.

billion $
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5131
48

29
12

Italy

India

Investment in USD billions: China 51, US 48, Germany 31, Italy, 29, India 12. 
All country comparison figures exlude hydro power projects larger than 50 MW as well as research and development.
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Table 3. Renewable Energy Support Policies 
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REGULATORY POLICIES FISCAL INCENTIVES PUBLIC  
FINANCING

High Income Countries											           $$$$ 		 
Australia	 			   		  	 			    	 	
Austria	 			   		  	 	 		   	 	
Belgium		  	 	 		  	 	 	 	  	  	
Canada	 	 	 	 		   	 	 	 	  	 	
Croatia	 					      	 			    	 	
Cyprus	 			   		   	 			    	  	
Czech Republic	 			   		  	 	 	 	  	 	
Denmark	 		  	 		  	 	 	 	  	 	
Estonia	 			   		   	 		  	 	  	
Finland	 			   		  	 		  	 	  	
France	 			   		  	 	 	 	  	 	
Germany	 			   	 	  	 	 	 	  	 	
Greece	 			   		   	 	 	 	  	 	
Hungary	 			   		   	 		  	  	 	
Ireland	 			   	 	 				     	  	
Israel	 	 			   	  			   	  	 	
Italy	 	 	 	 	 	 	 	 	 	  	 	
Japan	 	 	 			   	 			    	 	
Luxembourg	 					      	 			    	  	
Malta	 		  			    	 		  	  	  	
Netherlands	 			   		  	 	 	 	 	 	
New Zealand						       	 			    	  	
Norway				    		  	 		  	  	 	
Poland		  		  		  	 		  	  	 	
Portugal	 	 	 	 	 	  	 	 	 	  	 	
Singapore			   			    				     	 	
Slovakia	 					      	 		  	  	  	
Slovenia	 					     	 	 	 	  	 	
South Korea1		  	 	 		  	 	 	 	  	 	
Spain2	 			   	 	  	 	 	 	  	 	
Sweden		  		  		  	 	 	 	  	 	
Switzerland	 					      	 		  	  	  	
Trinidad and Tobago						       	 	 	 	  	  	
United Arab Emirates		  			   	  				    	 	
United Kingdom	 	 		  	 	 	 		  	 	 	
United States3	 	 	 	 	 	 	 	 	 	 	 	
Note: Countries are organized according to GNI per capita levels as follows: "high" is USD 12,276 or more, "upper-middle" is USD 3,976 to USD 
12,275, "lower-middle" is USD 1,006 to USD 3,975, and "low" is USD 1,005 or less. Per capita income levels and group classifications from World 
Bank, 2010. Only enacted policies are included in the table; however, for some policies shown, implementing regulations may not yet be devel-
oped or effective, leading to lack of implementation or impacts. Policies known to be discontinued have been omitted. Many feed-in policies are 
limited in scope of technology.
1 The South Korea feed-in tariff that was operational throughout 2011 has been replaced by an RPS policy for 2012. 
2 In Spain, the feed-in tariff (FIT) was temporarily suspended in January 2012 by Royal Decree for new renewable energy projects; this does not affect

Source: See Endnote 
18 for this section.
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HOW MUCH 
RENEWABLES?01
Future renewable energy shares are in the 
range of 15–20% in conservative scenarios, 
30–45% in moderate scenarios, and 50–95% 
in high-renewables scenarios. Attaining high 
shares of electricity is considered easiest, 
high shares of heating/cooling most difficult, 
and high shares of transport energy most 
uncertain. 
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With the explosive growth of renewable energy markets over the 
past decade have come dramatic technology improvements and 
cost reductions. These growth rates refl ect a “take-off” phase that 
has seen many renewable energy technologies become mainstream 
investments and undergo dramatic advances in performance, cost, 
and scale.1 (For details on the status of all technologies and markets, 
see annual editions of the REN21 Renewables Global Status Report. 
For more on cost comparisons between renewables and other 
energy technologies, see “Great Debate 1” on page 12. For policies 
underlying market growth, see “Great Debate 2” on page 13, and 
Chapter 5. For more on technology integration, see Chapter 2.)

In power generation, global wind power capacity grew by 20% in 
2011 (to 238 GW), after growing by an annual average of 26% 
over the fi ve-year period 2006–2011. Solar PV capacity grew by a 
record 74% in 2011 (to 70 GW), after growing by an average of 58% 
over the fi ve-year period. Solar thermal power (CSP) grew by 35% 
in 2011. In contrast, hydropower, biomass, and geothermal power 
have been mature for decades, and fi ve-year growth rates for these 
renewables were more on par with conventional energy techno-
logies. In terms of total power generation capacity, renewable 
energy reached 1,360 GW in 2011, including 970 GW of hydropower. 
This meant that global renewable capacity represented about one-
quarter of total global power capacity.2 

Growing markets for hot water and space heating that incorporate 
biomass, solar thermal, and geothermal have also contributed to 
technology evolution and cost reduction.a Biomass remains the 
primary form of heat supply from renewables, and provides about 
one tenth of global energy supply, two-thirds of which is “tradi-
tional” biomass use (see footnote on page 15). Another 10% of the 
biomass resource is used for electricity generation and combined 
heat and power (CHP). Most biomass is consumed locally, but 
international trade in wood pellets has grown since the mid-1990s. 

Markets for solar thermal collectors (for hot water and heating) 
have been growing rapidly in recent years, and solar now provides 
almost as much heating capacity as modern biomass. Solar heat-
ing capacity grew by 27% in 2011, following 17% annual average 
growth over the fi ve-year period 2006–2011. Geothermal heating 
capacity is roughly one-fi fth that of biomass heating capacity and 
also growing.3

Transport fuels from renewables are primarily ethanol and biodiesel 
produced from a variety of biomass crops. Production of these 
two fuels together reached 107 billion liters in 2011, about 3% of 
total global road transport fuel consumption. Ethanol fuel produc-
tion grew by an annual average of 17% over the fi ve-year period 
2006–2011, although growth was stagnant in 2011, and biodiesel 
grew by an annual average of 27% over the fi ve years.4 

Expert interviews and scenarios offer projections of continued 
dramatic global market growth in the coming decades, coupled 
with continuing technology improvements and cost reductions. 
These projections are explored in this chapter. Most common are 
projections for global power capacity, as shown in Table 4 from 
fi ve scenarios to 2030. In these scenarios, wind power capacity 
increases between 4-fold and 12-fold by 2030, solar PV between 
7-fold and 25-fold, CSP between 20-fold and 350-fold, biomass 
power between 3-fold and 5-fold (with one exception), geothermal 
between 4-fold and 15-fold, and hydro between 30% and 80%.5

The following sections explore projections for the evolution of 
markets, technologies, and costs for individual technologies. 
These include future cost projections by experts and scenarios. 
In general, scenarios and experts expect costs to decline for a 
host of reasons, such as increased market volumes that accelerate 
technology development, economies of scale in manufacturing, and 
materials advances.6, b 

Table 4: Global Renewable Power Capacity by 2030 in Recent Scenarios 

Sources: See Annex 2. Actual 2006 and 2011 from REN21 (2008, 2012).
Notes: CSP stands for solar thermal power. Figures for 2030 are rounded to nearest 10 GW or 50 GW from original sources. Hydropower 
fi gure for 2011 excludes pure pumped hydro capacity; a comparable fi gure for 2006 is not available, see REN21 (2012), notes to Table R2, 
and note on hydropower on page 168.

Hydro Wind Solar PV CSP Biomass Geothermal Ocean

GW

Actual 2006 Capacity for Comparison – 74 8 0.4 45 9.5 0.3

Actual 2011 Capacity for Comparison 970 238 70 1.8 72 11 0.5

IEA WEO (2012) “New Policies” 1,580  920 490  40 210 40 10

IEA WEO (2012) “450” 1,740 1,340 720 110 260 50 10

IEA ETP (2012) “2DS” 1,640 1,400 700 140 340 50 20

BNEF GREMO (2011) — 1,350 1,200 260 30 —

IEA RETD (2010) “ACES” 1,300 2,700 1,000 120 340 — —

Greenpeace (2012) 1,350 2,900 1,750 700 60 170 180

a) Markets for cooling from renewables are much less developed than for heating, but are also growing; see annual editions of the REN21 Renewables Global 
Status Report. For more on both heating and cooling technologies, see buildings integration on page 26 and urban infrastructure integration on page 39. 

b) Some experts questioned the sustainability of high levels of “manufactured” renewables like wind and solar PV in the very long term, in terms of material 
resources, rare earths, recycling, and toxic wastes. See Endnote 6.
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United States
Scenarios show a wide range of long-term market growth for 
renewable energy technologies in the United States. (See Table 
3.) However, many U.S. experts foresaw great policy uncertainty 
beyond 2013 and believed that long-term renewables markets in 
the United States will be strongly tied to how policy decisions get 
resolved in the coming years. These experts wondered about exten-
sion of the Investment Tax Credit (which expires in 2016) and the 
Production Tax Credit (which was to expire in 2012 for wind and 
in 2013 for other technologies), as well as air quality regulations, 
carbon policies (or lack thereof), and fossil fuel subsidies.9 

Many policy experts pointed to continuing strong state-level policy 
support as the foundation for continued growth in future markets, 
including Renewable Portfolio Standard (RPS) policies in a majority 
of states, as well as a variety of other subsidies and support mecha-
nisms at the state level. Experts also were quite certain that new 
utility regulations were coming, at both the state and federal levels, 
to facilitate the integration of renewables at higher shares on power 
grids, including “smart grid” planning and grid management.10 

Some U.S. solar experts foresaw growing solar PV markets regardless 
of policy outcomes, as unsubsidized solar PV reaches “grid parity” 
with residential electricity rates over the coming decade in more and 
more states, starting with high-rate states like Hawaii and California. 
(See solar PV in Chapter 6 for more discussion of grid parity.) One 
expert projected a huge increase in solar PV capacity in the com-
ing years, from 70 GW in 2015, to 100–140 GW by 2020, to several 
hundred GW by 2030. (For comparison, 4 GW existed in 2011.) Going 
even further, the Lovins/RMI (2011) “Transform” scenario shows 700 
GW by 2050 in a fully half-decentralized energy system.11 

Still, many experts acknowledged the large impact that U.S. fed-
eral policy would have on future markets. For example, one expert 
projected an annual market of 5–6 GW per year by 2020 if the 
Investment Tax Credit were extended, but much slower growth in 
the absence of the credit. (For comparison, the annual market was 
1.9 GW in 2011.) Another expert emphasized the role of state net 
metering policies and other state-level support in future markets, 

with or without the Investment Tax Credit. Some experts foresaw 
a broad array of applications for solar PV beginning to boom in the 
period 2013–2015, especially for commercial rooftops, which soon 
would capture half the market, some said.12 

Likewise, U.S. wind industry experts foresaw continued growth of 
wind power markets regardless of policy outcomes, but much faster 
growth and larger markets if the Production Tax Credit is extended 
beyond 2012. For example, one expert projected an annual wind 
power market of up to 15 GW per year over the coming decade with 
continuation of the credit, but only 2–4 GW per year if the credit 
expires and wind markets rely solely on state-level RPS policies for 
support. (For comparison, the annual market was 7 GW in 2011.) 
“We really need the [Production Tax Credit] in the U.S. for 10 more 
years to become competitive,” said the expert. Another expert 
added that the future of wind power also depends on whether state 
utility commissions take fuel price risk into account in regulatory 
frameworks.13 

Japan
Following the Fukushima nuclear accident in March 2011, Japan 
was in the process of finalizing its “national green policy strategy” 
in late 2012. Proposed versions of this strategy have targeted a 
complete phase-out of nuclear power by 2040, as well as a 30% 
share of electricity from renewables by 2030. Japan also enacted 
a milestone feed-in tariff policy in late 2011 that began to change 
perceptions of Japan’s renewable energy future, both within Japan 
and internationally. Markets for solar PV, wind, geothermal, biomass, 
and small hydro are all supported by the feed-in tariff. During 2012, 
there were regular announcements in the press of planned renew-
able energy projects by Japanese companies, including dozens of 
planned megawatt-scale solar PV plants.14 

Japanese policy targets for 2020 include 33 GW of solar PV, 9.5 GW 
of wind, 1 GW of geothermal, and 4 GW of biomass. Dozens of local 
governments throughout Japan also have targets for shares and 
amounts of renewable energy for their cities and regions. (This now 
includes Fukushima Prefecture, which is targeting a 100% renew-
able energy share by 2040.) Japanese renewable energy experts 

Table 3: U.S. Renewable Power Capacity by 2030–2035 and 2050 in Recent Scenarios 

Sources: See Annex 2. Actual 2011 from REN21 Renewables Global Status Report, 2012. Some figures rounded to nearest 5 or 10 GW from 
original sources. CSP stands for solar thermal power.

Wind Solar PV CSP Biomass Geothermal Ocean

GW

Actual 2011 Capacity for Comparison 47 4 0.5 14 3 0

By 2030–2035

DOE EIA Annual Energy Outlook (2012) 70 8 1 6 6 —

IEA World Energy Outlook (2012) “New Policies” 160 70 10 40 8 1

IEA World Energy Outlook (2012) “450” 270 120 60 50 12 1

Greenpeace Energy [R]evolution (2012, U.S. edition) 650 390 140 1 50 15

By 2050

NREL Electricity Futures Study (2012) “80% ITI” 460 170 60 80 25 —

Lovins/RMI Reinventing Fire (2011) “Renew” 500 480 80 40 15 —
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many countries already have targets for shares of electricity.16  
(See Chapter 5 for further country-specific information on electricity 
projections.)

Heating and cooling from renewables will be much more difficult to 
attain in large shares, many experts said, and published scenarios 
support this view. Although heating and cooling technologies are 
fairly well understood and established, policies for heating are not 
as evolved or widespread as for electricity, and many challenges 
persist in terms of integration into the built environment. There are 
far fewer scenarios projecting heating and cooling shares relative to 
those projecting electricity shares, and only a handful of countries 
have policy targets or national-level policies for renewable heating 
and cooling.17 (See also buildings integration in Chapter 2 and heat-
ing and cooling at the city/local level in Chapter 4.)

Long-term transport shares are the most challenging to project, 
and the most uncertain, because the range of possible vehicle 
technologies and fuel types in the future is very broad, future 
oil prices are uncertain, and technology progress for many ele-
ments, from vehicle batteries to advanced biofuels, remains 
unpredictable. These factors create uncertainty about what future 
transport systems look like. Fewer scenarios project shares of 
transport fuels, and in those that do, projections vary widely. 
However, quite a number of countries do have blending man-
dates and/or targets for future shares of biofuels in transport.18  
(See also transport integration in Chapter 2 and biofuels in Chapter 
6. For more details on current biofuels mandates, see annual edi-
tions of the REN21 Renewables Global Status Report.)

Table 1 shows global sectoral-share projections for the years 2030 
to 2050 from several scenarios. These include two conservative 
scenarios by oil companies, two moderate scenarios by the IEA 

(WEO “New Policies” and “450”), and four high-renewables scenarios 
by IEA ETP, GEA, Greenpeace, and WWF. Beyond these global shares, 
examples of country-specific policy targets and projections are 
given in the following sections.19

n  Electricity Shares

The global share of electricity from renewables in 2011 was 20%. In 
the EU, the share was 21%. A number of countries already produce 
very high shares of electricity from renewables, mainly from hydro-
power in most countries. To illustrate the breadth of such countries, 
a list of countries with shares above 30% includes: Argentina (31%), 
Austria (68%), Brazil (85%), Cameroon (88%), Columbia (70%), 
Costa Rica (94%), Croatia (61%), Denmark (32%), El Salvador (65%), 
Ethiopia (89%), Finland (30%), Guatemala (63%), Iceland (100%), 
Latvia (55%), Madagascar (57%), New Zealand (73%), Norway 
(96%), Panama (59%), Paraguay (100%), Portugal (53%), Romania 
(34%), Slovenia (30%), Spain (34%), Sudan (81%), Sweden (55%), 
Switzerland (58%), Uganda (54%), and Venezuela (66%).20 

At least 48 countries have targets for shares of electricity from 
renewables in the 2020–2030 time frame. Many of these targets 
represent a doubling or tripling of current shares. Examples of 
targets for 2020 include: Egypt (20%), Ireland (40%), Madagascar 
(75%), Philippines (40%), and Thailand (14%). A few targets 
extend to 2030, such as Kuwait (15%), South Africa (42%), and 
Tunisia (40%). And targets for three countries extend all the way 
to 2050: Denmark (100%), Germany (80%), and Malaysia (24%).a  
In late 2012, the Japanese government was expected to announce 
a target for a 30–35% share by 2030, as part of its new post-
Fukushima energy strategy.21 

Table 1: Sectoral Shares of Renewable Energy in Recent Global Scenarios

Sources: See Endnote 19 for this chapter and Annex 2. 

Notes: Transport shares for IEA WEO, IEA ETP, and BP are only for biofuels; transport share for Greenpeace includes electric vehicles; transport 
share for WWF is entirely biofuels. Heat share for WWF is only industry and buildings. Electricity share for BP is estimated from graphics. 
Electricity share for GEA is based on the central "Efficiency" case.

RENEWABLES GLOBAL FUTURES REPORT  01 how much renewables?

Scenario By Year Electricity Heat Transport

By 2030–2040

ExxonMobil Outlook for Energy: A View to 2040 (2012) 2040 16% — —

BP Energy Outlook 2030 (2012) 2030 25% — 7%

IEA World Energy Outlook (2012) “New Policies” 2035 31% 14% 6%

IEA World Energy Outlook (2012) “450” 2035 48% 19% 14%

Greenpeace (2012) Energy [R]evolution 2030 61% 51% 17%

By 2050

IEA Energy Technology Perspectives (2012) “2DS” 2050 57% — 39%

GEA Global Energy Assessment (2012) 2050 62% — 30%

IEA Energy Technology Perspectives (2012) “2DS High Renewables” 2050 71% — —

Greenpeace (2012) Energy [R]evolution 2050 94% 91% 72%

WWF (2011) Ecofys Energy Scenario 2050 100% 85% 100%

a)	 Germany's 80% share is reached through step-wise targets for each decade starting with 35% in 2020, and is part of its Energiewend movement to  
completely eliminate fossil fuels and nuclear. 
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INVESTMENT 
FUTURES: 
FLOWS, INVESTORS,  
AND BUSINESS MODELS

03
Annual investment in renewable energy 
reached US$ 260–290 billion in 2011 and is  
projected to increase annually through  
2020 and well beyond. Innovative new forms 
of investment and finance are projected  
from new sources, such as pension funds 
along with new business models for energy 
services for households and businesses  
and for mobility services.





New	
  Sources	
  of	
  Finance	
  
	
  
	
  

• Pension	
  funds	
  
	
  
• Insurance	
  funds	
  
	
  
• Aggregated	
  securities	
  funds	
  (like	
  mortgage-­‐back	
  securities)	
  
	
  
• Community	
  funds	
  
	
  
• Oil	
  companies	
  
	
  
• Equipment	
  suppliers	
  /	
  vendors	
  
	
  
• Sovereign	
  wealth	
  funds	
  and	
  national	
  governments	
  

	
  
	
  



Future	
  Business	
  Models	
  
	
  

	
  
• Third-­‐party	
  energy	
  services	
  –	
  leasing,	
  bundling	
  with	
  energy	
  efficiency,	
  per-­‐KW	
  pricing	
  
	
  
• Mobility	
  services	
  –	
  kilometer-­‐based	
  pricing,	
  joint	
  ownership,	
  integrated	
  with	
  buildings	
  and	
  	
  
power	
  grid	
  balancing	
  
	
  
• Utility	
  business	
  models	
  –	
  on-­‐the-­‐bill	
  financing,	
  smart	
  metering,	
  new	
  pricing	
  models,	
  energy	
  
storage	
  sales	
  into	
  “grid	
  balancing	
  markets”	
  
	
  
• Community	
  and	
  cooperative	
  ownership	
  –	
  joint	
  ownership,	
  new	
  social	
  models,	
  multi-­‐family	
  
and	
  multi-­‐building	
  heat	
  supply	
  (micro-­‐district	
  heating)	
  
	
  
• Industry	
  and	
  retailer	
  involvement	
  –	
  power	
  contracts	
  with	
  reliability	
  specifications,	
  green	
  
power	
  purchases,	
  “WindMade”	
  consumer	
  label	
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INTEGRATED 
FUTURES:
CHALLENGES  
AND POSSIBILITIES

02
Many policymakers, utilities, builders,  
automakers, and industries recognize that 
stronger integration of renewable energy is 
the next “frontier.” This means new and  
flexible ways to manage variability on power 
grids, to think about building design and 
construction, to fuel industry, and to provide 
mobility with renewable energy. 



   New power market designs that support greater flexibility 

   Expanded diversity of resources within geographic grid balancing areas 

   Co-ordination/merging of balancing areas under balancing authorities 

   Faster balancing response times through market/operational mechanisms 

   New types of system optimization  

   Power dispatch models that incorporate day-ahead weather forecasts   

   Controlled curtailment of renewables 

   Demand response 

   Gas turbines (peaking and non-peaking) 

   Strengthened transmission capacity and interconnection 

   Energy storage 

   Ramping and cycling of conventional plants 

Power Grids:  Technical, Planning, Market, and Regulatory  
Options to Balance Variable Renewables  







Roles	
  of	
  Different	
  Types	
  of	
  Companies	
  
	
  
	
  

• Electric	
  Utilities	
  
	
  

• Oil	
  companies	
  
	
  
• Automakers	
  
	
  
• Information-­‐technology	
  (IT)	
  companies	
  
	
  
• Technology	
  integration	
  companies	
  (i.e.,	
  Siemens)	
  
	
  
• Buildings	
  materials	
  manufacturers	
  (i.e,.	
  architectural	
  glass)	
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FUTURES AT 
THE LOCAL/ 
CITY LEVEL:
INITIATIVE, PLANNING,  
AND POLICY

04
Innovative approaches and visions for  
renewable energy futures are found at the 
local/city level in a rapidly growing number 
of jurisdictions around the world. Elements 
include public infrastructure, community 
investment, municipal utilities, planning 
approaches for low-energy buildings and 
renewable heating/cooling, public transport 
fleets, electric vehicle infrastructure,  
and “smart cities” concepts.



Futures at the Local/City Level 



   Public infrastructure 

   Community investment 

   Municipal utilities 

   Planning approaches for low-energy buildings  

   Renewable (and district) heating and cooling  

   Public transport fleets 

   Electric vehicle infrastructure 

   Smart cities 

Innovative Approaches and Visions at the Local/City Level 
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Futures at 
the National 
and EU Levels:
Market Growth 
and Policy Support

05
National renewable energy markets are  
projected to grow strongly in the coming 
decade and beyond, as shown by current  
policies and targets, and by scenario and 
expert projections. Snapshots of Europe,  
the United States, Japan, China, and India 
show many emerging and possible  
developments. Projected markets in a  
much greater number of developing countries 
will create a diverse geographic base.



   New electric power infrastructure   

   Diesel generator replacement 

   New settlements 

   New power-market rules 

   Regional cooperation frameworks 

   Local manufacturing 

   Rural (off-grid) energy services 

Projected markets in a much greater number of developing 
countries on a bigger scale will create a diverse geographic 
base for renewables 

Developing Countries – Unique Opportunities for Renewables 
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EVOLUTION OF 
TECHNOLOGIES, 
COSTS, AND 
GLOBAL Market 
Growth 

06
Global markets for renewable energy  
have boomed over the past decade. This 
expansion has brought considerable  
innovation and cost reduction and will  
continue to do so. Projections for future  
market growth are equally dramatic, driven  
in part by further technology improvements 
and continuation of cost trends. Markets  
have already reached the point where  
technology is no longer the “bottleneck,”  
many say.















“Great Debates” 
 
1. Is Renewable Energy More Expensive Than Conventional Energy? 
 
2. What Is the Future Role of Policy? 
 
3. Is Energy Storage Necessary for High Levels of Renewables? 
 
4. Is the Concept of “Base Load” Meaningful for Future Energy Systems? 
 
5. Centralized or Decentralized Power Grids? 
 
6. Will Utilities Lead, Follow, Push Back, or Perish? 
 
7. What Roles Will Oil and Gas Companies Play? 
 
8. How Will Feed‐in Tariffs Evolve? 
 
9. What Is the Future of Coal Power in India Relative to Renewables? 
 
10. What Are the Pros and Cons of Offshore Wind Power? 
 
11. How Sustainable Can Biofuels Become in the Long‐Term? 
 



Some	
  Research	
  Topics	
  on	
  Renewable	
  Energy	
  Futures	
  
	
  
	
  

1.	
  What	
  input	
  and	
  model	
  factors	
  are	
  most	
  significant	
  in	
  differences	
  among	
  scenario	
  outcomes?	
  
	
  
2.	
  How	
  can	
  distributed	
  generation,	
  micro-­‐grids,	
  storage,	
  and	
  utility	
  grid	
  balancing	
  be	
  better	
  
incorporated	
  into	
  future	
  scenarios?	
  
	
  
3.	
  Integration	
  into	
  power	
  grids,	
  transport,	
  and	
  buildings:	
  	
  challenges	
  and	
  issues	
  with	
  
regulation,	
  policy,	
  markets,	
  and	
  business	
  models	
  
	
  
4.	
  “Policy	
  Evolution”:	
  	
  What	
  is	
  the	
  next	
  generation	
  of	
  policies	
  that	
  go	
  beyond	
  price-­‐focus	
  or	
  
cost-­‐focus	
  –	
  for	
  example	
  focus	
  on	
  risk-­‐return	
  and	
  finance,	
  building	
  codes,	
  markets	
  for	
  
renewables-­‐integrated	
  building	
  materials,	
  	
  electric	
  vehicle	
  charging	
  infrastructure,	
  electric	
  
power	
  markets	
  for	
  balancing	
  services,	
  utility	
  demand-­‐response,	
  etc.	
  
	
  
5.	
  Local/city-­‐level	
  policies	
  and	
  investment:	
  	
  community	
  funds,	
  city-­‐government	
  finance	
  and/or	
  
ownership,	
  transport	
  infrastructure	
  and	
  fuels,	
  low-­‐energy	
  buildings,	
  district	
  heating	
  and	
  
cooling	
  infrastructure,	
  etc.	
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