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Fields of corn, a source of fuel ethanol, 
in the U.S. state of Kansas. Global 
production of biofuels dropped slightly 
in 2012, although some countries 
increased production, and markets for 
other renewables continued to expand. 
It was a difficult year for many manu-
facturers and some traditional markets, 
but lower prices made it a good year for 
installers and consumers. 
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Figure 5. Biomass to energy Pathways
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Biomass EnErgy
The use of biomass to provide modern energy services has 
continued to increase in the building, industry, and transport 
end-use sectors in recent years. In addition to being a source 
of food, fibre, and feed for livestock, as well as feedstock for 
materials and chemical production, biomass accounts for over 
10% of global primary energy supply and is the world’s fourth 
largest source of energy (following oil, coal, and natural gas).1

Biomass used for energy purposes is derived from a number 
of sources. Residues from forests, wood processing, and 
food crops dominate. Short-rotation energy crops, grown on 
agricultural land specifically for energy purposes, currently 
provide about 3–4% of the total biomass resource consumed 
annually.2 Biomass crops often compete for available land with 
food crops. The total area of land used for biomass energy 
crops is difficult to quantify accurately because of large data 
gaps. Furthermore, some energy crops are grown for competing 
non-energy uses.3 For example, ethanol production volumes 
from sugar cane fluctuate with the sugar commodity market 
price, and, in the case of palm oil, only around 15% of the total 
produced is used for biodiesel.4 

The production of biomass feedstock and its conversion to 
useful energy have varying environmental and socioeconomic 
impacts that depend on a number of factors. The sustainability 

of biomass production, associated land use change, feedstock 
competition, trade restrictions, and impacts of biofuels pro-
duced from food crops such as corn remain under review and 
could affect future demand.5 Ethanol  production in the United 
States, for example, consumes about 10% of annual global corn 
production, raising concerns about its impact on food supply.6

The bioenergy sector is relatively complex because there are 
many forms of biomass resources; various solid, liquid, and 
gaseous bioenergy carriers; and numerous routes available for 
their conversion to useful energy services. Biomass markets 
often rely on informal structures, which makes it difficult to 
formally track data and trends. Furthermore, national data col-
lection is often carried out by multiple institutions that are not 
always well-coordinated, or that report contradictory findings. 
Consequently, national and global data on biomass use and 
bioenergy demand are relatively difficult to measure and, as a 
result, relatively uncertain.  

■■ Biomass markEts
Total primary energy supplied from biomass increased 2–3% 
in 2012 to reach approximately 55 EJ.7 (See Figure 5.) Heating 
accounted for the vast majority of biomass use (46 EJ), includ-
ing heat produced from modern biomass and the traditional, 
inefficient use of animal dung, fuelwood, charcoal, and crop 

02 markEt anD inDUstry trEnDs 
 By tECHnoLogy

Source: See 
Endnote 7 for 
this section.
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water in developing countries.8 Biomass of around 4.5 EJ 
primary energy was consumed for electricity generation, and a 
similar amount for biofuels.9 

Traditional biomass heating contributed an estimated 6–7% 
of total global primary energy demand in 2012.10 (See Rural 
Renewable Energy section.) This section focuses on the use 
of biomass for modern applications, converted into a range of 
energy carriers (solid, liquid, and gaseous fuels) to efficiently 
provide useful energy services in the heating, electricity, and 
transport sectors. In 2012, the total volume of modern biomass 
consumption contributed an estimated 3–4% of global primary 
energy, with an energy content of around 18.5 EJ.

Compared with 2011, bio-heat production for the building and 
industry sectors increased by 1–2%; bio-power (electricity 
generation), including combined heat and power plant (CHP) 
production, increased by an estimated 4%; and biofuel produc-
tion volumes declined by around 1%.11

In some regions of the world, available biomass feedstock 
supplies are insufficient to meet growing demand for bioenergy, 
whereas other regions can produce supplies in excess.12 This 
situation drives international trade in solid and liquid biomass 
fuels, and has led to the establishment of several biomass 
exchanges to facilitate both domestic and international trade.13 
Bio-methane, fuelwood, charcoal, briquettes, and agricultural 
residues are mainly traded locally, whereas wood pellets, wood 
chips, biodiesel, and ethanol are traded both nationally and 
internationally.14 The energy content of traded solid biomass 
fuels (excluding charcoal) is about twice that of net trade in 
biofuels.15 

Smaller, more-compact wood pellets account for only 1–2% of 
total global solid biomass demand, but they have experienced 
more rapid growth and account for a large share of solid bio-
mass trade; in 2012, global production and transport (by road, 

rail, and ship) of pellets exceeded 22 million tonnes.16 (See 
Figure 6.) Demand continues to increase due to the pellets’ 
higher energy density and lower moisture content relative to 
wood chips; ease of handling; convenience of use; suitability for 
co-firing in coal-fired power plants; and the option of automatic 
control options in small heat plants.17 About two-thirds of pellet 
production is used in small heat plants and one-third in larger 
power plants.18

In 2012, around 8.2 million tonnes of pellets were traded inter-
nationally.19 More than 3.2 million tonnes (40%) of pellets were 
shipped from North America to Europe, an increase of nearly 
50% over 2011.20 This increased demand was due greatly 
to rising consumption in the United Kingdom, where large 
volumes are required to supply the 750 MW Tilbury bio-power 
station and a 4 GW coal-fired power plant (half of which is being 
converted to combust 7.5 million tonnes of pellets annually).21 
In anticipation of further pellet demand, the U.K. Port of Tyne, 
already the largest pellet handler in Europe, is expanding its 
pellet handling and storage facilities and rail line at a cost of 
USD 300 million.22 

Pellet consumption is rising in other regions as well. In South 
Korea, for example, eight new pellet plants were under 
construction as of early 2013, and there are plans to import 
an additional 5 million tonnes of pellets annually by 2020 
to achieve the compulsory 2% renewables quota on power 
generators that was implemented in 2012.23 

In addition to wood pellets, biodiesel and ethanol are the main 
fuels traded internationally. Biofuels are used for heating and 
electricity generation, but primarily as transportation fuels. 
Two developments in 2012 had a significant impact on liquid 
biofuels trade: the severe drought in the midwestern United 
States, which reduced corn yields; and a drop in the sugar 
commodity price, which resulted in increased ethanol produc-
tion in Brazil.24 Consequently, in August 2012 the United States 

Source: See 
Endnote 16 for 

this section.
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became a net importer of ethanol (mainly from Brazil) for the 
first time since January 2010.25

The leading markets for bioenergy are diverse, and they vary 
depending on fuel type. Thus far, the pellet market has been 
limited primarily to Europe (the leading consumer) as well as to 
North America and Russia.26 Europe also is the largest market 
for biogas and biodiesel.27 The top ethanol-consuming region 
in 2012 was North America, followed by South America.28 
However, production and consumption of all forms of bioen-
ergy are spreading to new countries, with particularly rapid 
increases in Asia. 

■■ Biomass HEating (anD CooLing) markEts
Combustion of solid, liquid, and gaseous biomass fuels can 
provide heat at a range of temperatures and at different scales 
for use by industry, agricultural processes, drying, district heat-
ing schemes, water heating, and space heating in individual 
buildings. In 2012, approximately 3 GW of new modern biomass 
heating capacity was commissioned, bringing the global total 
to around 293 GW.29 Sales of biomass appliances, including 
domestic wood burners and gasifier stoves (<100 kW), pellet 
burners (<500 kW), small boilers (<1 MW), and large-scale 
boilers for industrial and district heating (greater than 1 MW 
and typically 50 MW and above), continued to grow in 2012 to 
meet increasing heat demands, although accurate numbers are 
unavailable. 

Europe is the leading consumer of heat generated from bio-
mass,  and Sweden, Finland, Austria, Denmark, and Germany 
are the top five European consumers. Following the mild winter 
in 2011, when solid biomass demand fell 8% to around 2.9 
EJ, Europe’s demand rose again in 2012.30 Sweden’s total 
bioenergy demand increased 10% to around 140 TWh (for heat, 
power, and CHP), and, by early 2013, biomass met over 70% 
of total fuel demand for Sweden’s district heating plants and 
fuelled more than 100,000 domestic pellet burners.31 Germany, 
using mostly forest residues as fuel,  increased its heat plant 
capacity by 50 MWth to 650 MWth, to produce around 300 GJ of 
heat and 4.5 TWh of electricity in CHP plants.32

Bio-heat demand is increasing steadily elsewhere as well. In 
Bataan, the Philippines, a new 12 MWth steam boiler was com-
pleted to supply local heat demand. Bataan also uses biodiesel, 
as do many countries in Europe and increasingly the United 
States, to displace heating oil for some space-heating applica-
tions.33 In addition, some countries use ethanol as a cooking 
fuel to substitute for traditional solid biomass and charcoal. 

Biogas is also being used increasingly for heat production. In 
developed countries, it is used primarily in CHP plants, with 
relatively small amounts used in heat-only plants. In developing 
countries—led by China, India, and Nepal—biogas is com-
busted directly in small, domestic-scale digesters to provide 
bio-heat for cooking. (See Rural Renewable Energy section.) 
China has around 4.3 million domestic-scale biogas plants, 
and the number of medium- to large-scale (>50 m3) biogas 
plants increased from some 10,000 in 2006 to some 80,000 by 
2011.34 

Other developing countries are starting to use biogas for 
heating purposes. In Rwanda, the 900,000 m3 total volume of 

biogas digesters in operation includes units at six prisons (each 
with about 5,000 residents) that convert human and other 
wastes to biogas for cooking, displacing 10 tonnes of fuelwood 
per day.35 

Cooling systems that use bio-heat to drive the refrigeration 
cycle (in a similar fashion to solar-assisted absorption chillers) 
remain in their infancy, and only a few demonstration plants 
exist.36

■■ Biomass PowEr markEts
By the end of 2012, global bio-power capacity was approaching 
83 GW, up 12% over 2011, with notable increases in some 
of the BRICS countries.37 Around 350 TWh of electricity was 
generated worldwide in 2012, a 5% increase over the previous 
year.38 Averaging national bio-power generation outputs over 
the period 2010–12, the United States had a substantial lead, 
with Germany second, followed closely by Brazil and China, 
both of which are gaining ground rapidly.39 (See Figure 7.)

The main types of commercial bio-power systems are medium- 
to large-scale direct-fired (similar to most coal- and gas-fired 
power plants), co-fired, gasifiers, and smaller-scale, modular 
systems. Together, they produce around 1.4% of the world’s 
electricity generation (compared with coal at 41%).40 

Almost 90% of biopower is generated with solid biomass fuels.41 
Landfill gas (also known as syngas), biogas, synthesis gas, and 
liquid biofuels are also commonly used for bio-power genera-
tion and make up the remaining 10%. 

In the United States, 100 bio-power projects (543 MW) came 
on line in 2012, bringing total capacity to 15 GW—about 18% 
of the global total.42 Net bio-power generation increased from 
60.5 TWh in 2011 to 65.0 TWh in 2012.43 To the south, Brazil 
saw its bio-power capacity increase 8% in 2012 to reach 9.6 
GW, and generation rose to around 40 TWh.44 

In Europe, bio-power capacity increased by almost 2% in 2012 
to 31.4 GW, and generated around 136 TWh.45 Of this total, 35.9 
TWh was produced by biogas in CHP plants, and 18.2 TWh was 
generated with renewable municipal solid waste.46 

Germany, Europe’s leading bio-power producer, increased its 
generation by 11% to 41 TWh, with half of this coming from bio-
gas plants. Total bio-power capacity rose 0.3 GW (mostly biogas 
CHP plants) to more than 7.6 GW, although new construction 
slowed in 2012 relative to previous years.47 Germany’s CHP 
plants generated 31–36 PJ of heat and 20.5 TWh of electricity 
in 2012 (up from 17.5 TWh in 2011), amounting to around half of 
Europe’s electricity generated with biogas.48

In Asia, China increased its capacity by around 14% to 8 GW by 
the end of 2012 and saw generation increase 21% to 36 TWh.49 
Japan’s capacity remained at 3.3 GW but generation declined 
8% to 17.2 TWh.50 India leads the world in total capacity of small 
gasifiers for electricity generation. Its current capacity exceeds 
155 MW, of which approximately 1.3 GW is solid biomass and 
MSW-fired power capacity, and 2.7GW is CHP capacity. 51

Conversion of existing commercial coal- and natural gas-fired 
power plants continued in order to enable co-firing with solid 
biomass fuels or biogas/landfill gas. Quantities of biomass used 
can vary daily in any given plant, making it difficult to obtain 
data. About 230 co-firing plants were operational or planned 
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Source: See 
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by year’s end, located mainly in northern Europe, the United 
States, Asia, and Australia.52

Most sugarcane-producing countries such as Brazil, generate 
combined heat and power using bagasse.53 Grid-connected 
bagasse CHP plants also exist in Mauritius, Tanzania, Uganda, 
and Zimbabwe.54 Several other African countries, including 
Kenya, plan similar installations.55

 

■■ transPort BiofUEL markEts
Liquid biofuels continue to make a small but growing con-
tribution to transport fuel demand worldwide, currently 
providing about 3% of global road transport fuels. They also 
are seeing small but increasing use in the aviation and marine 
sectors.56 Growth in biofuels markets, investment, and new 
plant construction has slowed in several countries in response 
to a number of factors: lower margins, spiking of commodity 
prices, policy uncertainty, increased competition for feedstock, 
impacts of drought conditions on crop productivity, concerns 
about competition with food production for land and water 
resources, and concerns about the sustainability of production 
more broadly.57 Even so, biofuel blend mandates continue to 
drive demand. (See Policy Landscape section).

Global production of fuel ethanol in 2012 was an estimated 83.1 
billion litres, down about 1.3% by volume from 2011. This was 
offset partly by by a small increase in biodiesel production.58 
(See Figure 8.) Outside of the United States, global ethanol 
production was up by more than 4%, but U.S. ethanol produc-
tion dropped more than 4% to 50.4 billion litres, due partly 
to high corn prices resulting from the mid-year drought. By 
contrast, Brazil’s production increased 3% to 21.6 billion litres, 
although investment in new sugarcane ethanol plants was very 
low compared with recent years.59 Overall, the United States 
accounted for 61% (63% in 2011) of global ethanol production 
and Brazil for 26% (24% in 2011).60 

The other leading producers included China, Canada, and 
France, as in 2011, although at much lower production volumes 
than the two leaders. Demand continued to rise in Sweden, 
where around 200,000 flex-fuel vehicles are using high blends 
(up to E85) of locally produced and imported ethanol.61 

The average world ethanol price in 2012 was approximately 
USD 0.85/litre (USD 1.20/litre gasoline equivalent), having 
increased steadily from around USD 0. 41/litre in 2006; the 
U.S. domestic price fell from about USD 0.60/litre in 2011 to 
USD 0.55/litre in 2012, until the mid-year drought pushed it 
back to 2011 levels.62 The average world price for biodiesel was 
around USD 1.55/litre of gasoline equivalent, higher than in the 
previous five years, when prices ranged between USD 0.90 and 
USD 1.50 per litre.63

Global biodiesel production continued to increase, reaching 
22.5 billion litres in 2012, compared with 22.4 billion litres in 
2011.64 Biodiesel growth slowed considerably compared with 
the previous several years. The United States was again the 
world’s leading producer, followed by Argentina, Germany, 
Brazil, and France—with German and Brazilian production 
being approximately equal.65 

U.S. biodiesel plants produced 3.6 billion litres in 2012, up 
only slightly over 2011 levels, but approaching the target set by 
the Environmental Protection Agency (EPA) under the federal 

Renewable Fuels Standard, or RFS. This standard requires 4.8 
billion litres (1.28 billion gallons) of biodiesel to be included in 
diesel fuel markets in 2013.66

Europe accounted for 41% of total global biodiesel production, 
led by Germany, which produced an estimated 2.7 billion litres 
in 2012 (down 14% relative to 2011).67 Production declined 7% 
across the region and in most European countries—including 
Spain (-32%), Portugal (-14%), and Italy (-44%)—but it was 
up in France (18%), Poland (63%), and the United Kingdom 
(53%).68

Brazil’s total annual biodiesel production from soybean oil 
(77–82%), beef tallow (13–17%), and cottonseed oil (2%) 
remained steady at 2.7 billion litres.69 Argentina maintained 
fourth position after the United States, Germany, and Brazil.70 
Elsewhere in Latin America, three jatropha plantations were 
certified in Mexico by the Roundtable on Sustainable Biofuels, 
and a small biodiesel plant using jatropha oil was established in 
Cuba.71

China’s biofuel production remained unchanged at around 
2.1 billion litres of ethanol and 0.2 billion litres of biodiesel.72 
Thailand increased both its ethanol and biodiesel production 
to a total of 1.6 billion litres, 40% higher than in 2011.73 India 
overtook Italy in total biofuel production in 2012, increasing its 
ethanol production by 25% to 0.5 billion litres.74 On a regional 
basis, North America continued to lead in ethanol production, 
and Europe in the production of biodiesel. However, production 
of both ethanol and biodiesel is increasing rapidly in Asia.75 
Biofuels production in Africa is still very limited, but markets 
are slowly expanding, and ethanol production rose from 270 
million litres in 2011 to an estimated 300 million litres in 2012.76 
In Zambia, for example, the 200,000 litres of jatropha biodiesel 
produced in 2011 was expected to triple in 2012 as more 
feedstock became available.77 

In 2012, U.S. production reached an estimated 2 million litres 
of advanced biofuels from ligno-cellulosic feedstocks, and 
it was anticipated that 36 million litres would be produced 
in 2013, driven partly by demand from the military.78 These 
volumes, however, remain only a small proportion of the original 
U.S. mandate under the RFS that was subsequently waived.79 
China also made progress in 2012, with around 3 million litres of 
ethanol produced from corn cobs and used in blends with gaso-
line.80 Europe has several demonstration plants in operation but 
each has produced only small volumes to date.81

Biomethane (biogas after removal of carbon dioxide and 
hydrogen sulphide) is now used widely as a vehicle fuel in 
Europe. During 2012 in Germany, for example, the share of 
biomethane in natural gas increased from 6% to more than 
15%, and the number of fueling stations selling 100% biome-
thane more than tripled, from 35 to 119.82 Further, 10% of the 
natural gas vehicles in Germany used compressed biomethane 
fuel rather than compressed natural gas methane.83 In Sweden, 
50% of Stockholm city council’s car fleet of 800 vehicles ran on 
biomethane as of October 2012.84
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■■ BioEnErgy inDUstry
The broader bioenergy industry includes: biomass suppliers, 
processors, and firms that deliver biomass to end-users; 
manufacturers and distributors of specialist biomass harvest-
ing, handling, and storage equipment; and manufacturers of 
appliances and hardware components for plants that convert 
biomass fuels into usable forms and/or energy services. Some 
parts of the supply chain use technologies that are not exclusive 
to biomass (such as forage crop and tree harvesters, trucks, 
and steam boilers). 

The bio-refinery industry continues to grow because co-pro-
ducing a number of products from biomass feedstocks can 
maximise value and enhance profitability while reducing 
greenhouse gas emissions. In the United States, there were 
some 210 ethanol biorefineries operating in 2012 (down four 
from 2011) that produced co-products including distillers 
grains for livestock feed, high fructose syrup, citric acid, lactic 
acid, and lysine.85

■■ soLiD Biomass inDUstry
A large number of companies were actively engaged during 
2012 in supplying bioenergy plants that convert biomass to 
heat and electricity. In Europe, for example, the Finnish com-
pany Metso installed several 8 MWth bio-heat plants to replace 
oil in district heating schemes, and developed a 13.4 MWth 
heat plant in Värnamo, Sweden.86 In the United Kingdom, as of 
early 2013, Etsover Energy was developing three biomass CHP 
plants totalling 52 MW.87 And Sweden completed its Pyrogrot 
demonstration project, which will use 270,000 tonnes of dry 
forest residues to produce around 160,000 tonnes/year of 
pyrolysis oil with a total energy content estimated at about 
2.59 PJ.88 

In Japan, JFE Engineering Corporation doubled its orders in 
2012 for designing, constructing, and operating bio-power 
plants using wood, dried sewage sludge, and MSW feedstocks, 
partly as a result of the new feed-in tariff (FIT) introduced in 
2011.89

In the United States, Amite BioEnergy (Mississippi) and 
Morehouse BioEnergy (Louisiana) produced a combined 
total of 900,000 tonnes/year of pellets using biomass from 
sustainably managed forests.90 Southern Company of Texas 
began commercial operation of its 100 MW Nacogdoches plant, 
becoming the largest dedicated biomass facility in the United 
States. Despite having a 20-year contract with Austin Energy, 
the plant is currently unable to compete with cheaper natural 
gas-fired power plants, so it is not always operating.91 

Torrefaction technology is moving from the demonstration 
phase to commercial scale. In addition to many small batch-
scale developers, several large companies—including Andritz 
(Austria), Thermya/Areva (France), Rotawave (U.K.), SunCoal 
(Germany), AVA-CO2 (Switzerland), and New Biomass Energy 
(USA)—aim to use efficient continuous manufacturing 
processes. Currently, the industry remains in its infancy and 
total global production capacity for torrefied biomass is well 
below 200,000 tonnes/year; this material offer advantages 
over conventional wood pellets, but to advance significantly 
the poor performance observed in some European power 
plants will need to be overcome.92 The International Biomass 
Torrefaction Council was created in December 2012 to promote 
the technology.93

■■ gasEoUs Biomass inDUstry
Farm and community-scale biogas plants continue to be manu-
factured and installed for treating wet waste biomass products, 
especially in Europe where almost 12,000 plants (mostly CHP) 
operated in 12 countries in 2011.94 In addition, 2,250 sewage 
sludge facilities are operating in Europe; approximately 2% of 
these plants upgrade the biogas to higher quality biomethane 
for use as vehicle fuel or for injection into the gas grid.95 In 
December 2012, the Port of Amsterdam opened a new vehicle 
refilling facility where biogas from sewage sludge is upgraded 
using technology manufactured by BioGast.96

Companies in Europe and elsewhere are finding innovative ways 
to produce energy from their own waste. For example, in 2012 a 
French multinational retailer announced plans to fuel its trucks 
with biomethane produced from organic wastes arising from 
its stores, and a plant in Sweden became one of the world’s 
first to produce liquefied biogas (from local food waste) as an 
alternative for heavy duty vehicles.97 
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■■ LiqUiD BiofUELs inDUstry
The total annual capacity of the approximately 650 ethanol 
plants operating globally is around 100 billion litres, but many 
facilities are operating below nameplate capacity and others 
have closed due to fluctuating demand and concerns about 
the environmental sustainability of the product. Total U.S. plant 
capacity remained at around 52 billion litres/year in 2012, 
despite some temporary closures.98 Globally, new ethanol 
plants continued to open, such as the 54 million litre/year 
Green Future Innovation Inc. plant that began production in the 
Philippines in January 2013.99

The number of operating biodiesel facilities is more difficult 
to assess as there are many small plants, often using waste 
cooking oils to produce biodiesel for local or personal vehicle 
use. As demand for biodiesel continues to increase, new plants 
are opening around the world. For example, Cargill (USA) com-
missioned its first biodiesel plant using soybean oil in Brazil, 
and Lignol Energy (Canada) invested USD 1.2 million to restart 
a 150 million litre/year biodiesel plant in Darwin, Australia.100

In the United States, 80 advanced biofuels companies (30 
of which were in California) were producing small volumes in 
2012.101 Several companies claim to be close to commercial 
production.102 In December 2012, KiOR (USA) sold about 
3,800 litres of bio-oil produced from the pyrolysis of cellulosic 
feedstocks in its new 500 tonne/day plant in Mississippi.103

In Europe, a “Leaders of Sustainable Biofuels” initiative was 
created to support the commercial development of advanced 
biofuels.104 In Australia, two advanced biofuels demonstration 
plants using ligno-cellulosics and algae were being expanded to 
near-commercial scale as of early 2013.105

On the down side, IOGEN Energy Corporation (Canada), one 
of the early advanced biofuel companies to use the enzymatic 
hydrolysis process, and its recent owner Shell Oil, cancelled 
plans to develop a commercial-scale cellulosic ethanol plant in 
Manitoba.106 Advanced biofuel producers in the United States 
also received a setback in early 2013, when the U.S. Court of 
Appeals ruled that the EPA must revise its cellulosic ethanol 
volume projections for 2012; leaving the 2013 standard in 
doubt. However, the larger category of advanced biofuels was 
left intact.107

 The aviation industry has continued to evaluate closely the 
increasing uptake of advanced biofuels, including those 
produced from algae. Their interest stems from the current high 
dependence on petroleum fuels; uncertain long-term supplies; 
and the lack of other suitable fuel alternatives. Boeing, Airbus, 
and Embraer were collaborating on biofuel initiatives in 2012, 
and SkyNRG began buying pre-treated biofuels derived from 
used cooking oils and further refined them into aviation-grade 
fuel.108

gEotHErmaL PowEr anD HEat

■■ gEotHErmaL markEts
Geothermal resources provide energy in the form of direct heat 
and electricity, totaling an estimated 805 PJ (223 TWh) in 2012. 
Two-thirds of this output was delivered as direct heat, and the 
remaining one-third was delivered as electricity. 

Geothermal direct use continued to increase globally during 
2012. Direct use refers to direct thermal extraction for heating 
and cooling. A sub-category of direct use is the application 
of ground-source heat pumps (GHP), which use electricity to 
extract several units of thermal energy from the ground for 
every unit of electrical energy spent.

Although there are limited data available on recent growth 
in direct use of geothermal energy, output is known to have 
grown by an average of 10% annually from 2005 through 2010; 
much of that growth was attributed to ground-source heat 
pumps, which experienced an average annual growth of 20%. 
Assuming that these growth rates have persisted in the last two 
years, global geothermal heat capacity reached an estimated 
66 GWth in 2012, delivering as much as 548 PJ of heat.1 

GHP represents the largest and historically fastest-growing seg-
ment of geothermal direct use. In 2012, it reached an estimated 
50 GWth of capacity; this amounts to about three-quarters of 
estimated total geothermal heat capacity, and more than half 
of heat output (>300 PJ).i Of the remaining direct heat use 
(nearly half), the largest share goes to bathing and swimming 
applications, with smaller amounts for heating (primarily district 
heating), industrial purposes, aquaculture pond heating, 
agricultural drying, snow melting, and other uses.2

At least 78 countries used direct geothermal heating in 2012.3 
The United States, China, Sweden, Germany, and Japan have 
the largest amounts of geothermal heating capacity, together 
accounting for about two-thirds of total global capacity.4 China 
remains the presumptive leader in direct geothermal energy 
use (21 TWh in 2010), followed by the United States (18.8 TWh 
in 2012), Sweden (13.8 TWh in 2010), Turkey (10.2 TWh in 
2010), Iceland (7.2 TWh in 2012), and Japan (7.1 TWh in 2010).5 
Iceland, Sweden, Norway, New Zealand, and Denmark lead for 
average annual geothermal energy use per person.6 About 90% 
of Iceland’s total heating demand is derived from geothermal 
resources.7

Heat pumps can generate heating or cooling and can be used 
in conjunction with combined heat and power (CHP) plants.8 
Global installed heat pump capacity doubled between 2005 
and 2010, and it appears that this growth has continued in 
subsequent years.9 In the EU, GHP capacity rose about 10% 
between 2010 and 2011, to a total of 14 GWth, led by Sweden 
(4.3 GWth), Germany (3 GWth), France (1.8 GWth), and Finland 
(1.4 GWth).10 Canada had more than 100,000 systems in 
operation by early 2013, and the United States is adding about 
50,000 heat pumps per year.11 In 2012, Ball State University in 
Indiana installed the largest U.S. ground-source closed-loop 
district geothermal system to heat and cool 47 buildings.12

Geothermal electricity generation, which occurs through kinetic 
conversion of high- or medium-temperature steam, is estimated 
to have reached at least 72 TWh in 2012.13 Global geothermal 
electric generating capacity grew by an estimated 300 MW 
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during 2012—with new capacity coming on line in the United 
States (147 MW), Indonesia (110 MW), Nicaragua (36 MW), and 
Kenya (7.5 MW)—bringing total global capacity to an estimated 
11.7 GW.14

The countries with the largest shares of geothermal electric 
generating capacity are as follows: the United States (3.4 GW), 
the Philippines (1.9 GW), Indonesia (1.3 GW), Mexico (1.0 GW), 
Italy (0.9 GW), New Zealand (0.8 GW), Iceland (0.7 GW), and 
Japan (0.5 GW).15

The United States added 147 MW of geothermal generating 
capacity in 2012, increasing total capacity by 5% to 3,386 MW. 
This represents the second highest increase in geothermal 
power capacity over a calendar year since the 2005 decision to 
extend the production tax credit (PTC) to cover geothermal pro-
jects.16 Of particular note was the first facility to combine solar 
PV and geothermal generation at the Stillwater Geothermal 
Power Plant in Nevada.17 This hybrid plant was recognised for 
enhancing thermal efficiency, improving production stability, 
and reducing investment risk.18 By early 2013, the United 
States had 175 geothermal projects in development, repre-
senting more than 5.5 GW of potential, of which one-half might 
come to fruition in the coming decade.19

Indonesia has not added much capacity in recent years, but 
added two 55 MW units at the Ulubelu station in 2012.20 The 
country also announced a huge push for a 1,000 MW geother-
mal energy investment programme with significant interna-
tional backing.21 Indonesia initiated plans for a geothermal risk 
mitigation fund in 2011, which will provide loans to developers 
in an effort to jumpstart the industry.22 The country targets 12.6 
GW of geothermal capacity by 2025, a significant step up from 
the current 1.3 GW.23 Meanwhile, a 165 MW project on Bali was 
cancelled in the face of sustained local opposition that was 
based on both environmental and religious concerns.24

In late 2012, Nicaragua saw the completion of the second 36 
MW phase of the San Jacinto-Tizate project, having completed 
phase one a year earlier. The 72 MW project is large enough to 
supply the equivalent of 17% of Nicaragua’s electricity needs.25 

In Kenya, the 2.5 MW Eburru wellhead plant was commissioned 
in early 2012, and a 5 MW modular wellhead unit came on line 
at a KenGen facility.26 Kenya is Africa’s largest producer of 
geothermal power, with total installed capacity of more than 
200 MW by year’s end.27 By May 2013, Ormat Technologies 
announced commercial operation of a new 36 MW unit at 
the Olkaria III complex.28 The country is eyeing public-private 
partnerships to take on the development of an additional 560 
MW at Olkaria in 140 MW increments.29

Italy’s Enel Green Energy started operations in mid-2012 at 
its refurbished 17 MW Rancia 2 power plant in Tuscany.30 In 
addition, construction has commenced on the 40 MW Bagnore 
4 power plant, also in Tuscany, at the projected cost of about 
USD 160 million (EUR 120 million), suggesting almost USD 4 
million (EUR 3 million) per MW of capacity.31

There is growing interest in Africa beyond Kenya to explore 
geothermal potential. For example, Rwanda has recently 
committed funds to commence drilling, starting on a path 

to harness some of its estimated 700 MW of geothermal 
potential.32 However, the high exploratory costs associated 
with geothermal power present a significant hurdle for African 
countries. To address this problem, the World Bank established 
the Global Geothermal Development Plan to manage the risk 
of exploratory drilling for developing countries. Previously, the 
World Bank and Iceland formed a “Geothermal Compact” to 
support surface-exploration studies and technical assistance 
for countries in Africa’s Rift Valley.33 

The African Union Commission, the German Ministry for 
Economic Cooperation and Development (BMZ), and the 
EU-Africa Infrastructure Trust Fund have established a USD 
66 million (EUR 50 million) Geothermal Risk Mitigation Facility 
for Eastern Africa (Ethiopia, Kenya, Rwanda, Tanzania, and 
Uganda) to support surface studies and exploration drilling. 
Eight projects have been short-listed following the first applica-
tion round in late 2012.34 

Japan now has over 30 geothermal power projects under 
development.35 However, the country has recently seen 
local opposition to geothermal projects in national parks in 
Fukushima and Hokkaido, in part due to commercial concerns 
about impacts on local hot springs.36 Japan’s adoption of 
feed-in tariffs is expected to provide needed support for 
geothermal generation.37 

Aside from the capacity addition in Nicaragua, other news 
from Latin America includes El Salvador’s long-term plans 
for additional 90 MW of geothermal capacity and Chile’s 
completion of bids for exploration in various areas, with bidding 
companies committing USD 250 million.38 Several islands 
in the Caribbean have plans to begin or increase their use of 
geothermal power (including Nevis, Dominica, and the U.K. 
territory of Montserrat), and drilling was set to start in 2013 in 
Montserrat.39 Dominica signed a contract in 2012 for expanded 
drilling in hopes of completing a 10–15 MW plant by 2014.40

i The share of heat use is lower than the share of capacity for heat pumps because they have a relatively low capacity factor. This is due to the fact that heat 
pumps generally have fewer load hours than do other uses. As the share of heat pumps rises, output per unit of geothermal heat capacity is declining. Heat use 
is estimated with a coefficient of performance of 3.5.
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■■ gEotHErmaL inDUstry
A large number of GHP manufacturers operate in the United 
States and Europe, with most European companies based in 
the main markets.41 In Europe and the United States, there are 
two distinct classes of companies: general heating companies 
and electric heating specialists; and manufacturers of heat 
pump systems.42

In the power sector, the five leading turbine manufacturers 
in terms of total capacity in operation are Mitsubishi (Japan), 
Toshiba (Japan), Fuji (Japan), Ansaldo/Tosi (Italy), and Ormat 
(Israel), which together account for well over 80% of capacity 
currently in operation around the world.43 In addition, several 
companies now manufacture small-scale geothermal power 
units that can be built offsite and then integrated into a plant’s 
design for production.44 

Technology continued to advance in the power sector during 
2012. In the United States, a government-supported research 
project made progress on enhanced geothermal systems (EGS) 
technology, which extracts heat from engineered reservoirs 
through fluid injection and rock stimulation. The project 
demonstrated the equivalent of 5 MW of steam at The Geysers 
in California.45 In early 2013, AltaRock Energy announced that 
it had created multiple stimulation zones for a single wellbore 
at the Newberry EGS demonstration site. The potential benefit 
is a significant reduction in the cost of production from an EGS 
field.46 Finally, in April 2013, Ormat Technologies, the U.S. 
Department of Energy, and GeothermEx successfully produced 
an additional 1.7 MW from an existing field in Nevada using EGS 
technology. This is the first EGS system to be grid connected.47

The year 2012 saw another first, with co-production of geother-
mal power at Nevada’s Florida Canyon gold mine.48 Another 
U.S. research project showed promise for extracting significant 
quantities of lithium from geothermal brine; the metal is a 
critical component in the lithium battery technology that is 
used extensively in electric vehicles.49

In Iceland, Carbon Recycling International started operations at 
a groundbreaking plant that produces methanol by combining 
electrolytic hydrogen and carbon dioxide from a geothermal 
power plant. The product is a fully renewable fuel suitable for 
blending with gasoline.50

Geothermal power projects take 5–7 years to develop from 
resource discovery to commercial development, and, as with 
oil and mining projects, the size of the resource is unconfirmed 
until drilling takes place. Long development times and the 
upfront risk and exploration often force geothermal companies 
to fund the work required to prove the resource. Tight capital 
and policy uncertainties in some countries, such as the United 
States, have made it challenging for developers to attract 
project funding.51 Moreover, no two project sites are the same, 
and each plant must be designed to project-specific condi-
tions.52 Nonetheless, once the feasibility of a resource has been 
established, the probability of project success is better than 
80%.53

HyDroPowEr

■■ HyDroPowEr markEts
An estimated 30 GW of new hydropower capacity came on line 
in 2012, increasing global installed capacity by about 3% to an 
estimated 990 GW.1 i  The top countries for hydro capacity are 
China, Brazil, the United States, Canada, and Russia, which 
together account for 52% of total installed capacity.2 (See 
Figure 9.) Ranked by generation, the order is the same except 
that Canada’s generation exceeds that of the United States, 
where hydropower is more load-following.3 Globally, hydro-
power generated an estimated 3,700 TWh of electricity during 
2012, including approximately 864 TWh in China, followed by 
Brazil (441 TWh), Canada (376 TWh), the United States (277 
TWh), Russia (155 TWh), Norway (143 TWh), and India (>116 
TWh).4

China again led the world for new capacity additions, followed 
by Turkey, Brazil, Vietnam, and Russia.5 (See Figure 10.) China 
installed 15.5 GW of new capacity to end the year with 228 GW 
of total installed hydropower capacity, and 20.3 GW of pumped 
storage capacity.6 The country’s hydropower output was 
864 TWh during the year, almost a third more than the 2011 
total, due to increased capacity and improved hydrological 
conditions.7 

In China, a 812 MW Francis turbine generator, the world’s 
largest unit, was added to the Xianjiaba plant, which will total 
6.4 GW when completed.8 It will be the country’s third largest 
hydropower facility, after the Three Gorges plant (22.5 GW) 
and the Xiluodu plant (13.9 GW when completed).9 The Three 
Gorges achieved full capacity after the last of 32 generators 
began operation in July, and reached a record output of 98.1 
TWh in 2012.10 In its current five-year plan, China targets 290 
GW of installed capacity by 2015, while striving to improve 
resettlement policies for affected local populations and to 
strengthen ecological protection.11 (See Sidebar 3.)

Turkey is increasing its hydropower capacity at a rapid rate to 
address chronic shortages of electricity and frequent power 
outages.12 Approximately 2 GW was added in 2012, to end 
the year with about 21 GW installed.13 Construction continued 
on the 1.2 MW Ilisu Dam on the Tigris River, while scientists 
worked to prepare for removal of cultural monuments in areas 
that will be submerged.14

Brazil placed 1.86 GW of hydropower into operation in 2012, 
including 394 MW of reported small-scale (<30 MW) capacity, 
for a total exceeding 84 GW by year’s end.15 About 400 MW was 
added at the Estraito plant and 350 MW at the Maua plant.16 
In addition, nine (of a total 44) 70 MW bulb-type in-stream 
turbines came on line at the Santo Antonio run-of-river project 
on the Madeira River in 2012, with two more installed in early 
2013. Also well under way on the Madeira River is the 3.75 GW 
Jirau plant, applying fifty 75 MW bulb turbines.17 Construction 
continued on the 11.2 GW Belo Monte project, which is 
expected to be Brazil’s second largest after the 14 GW Itaipu 
plant.18 The Itaipu plant set another output record in 2012, 
matching Three Gorges at more than 98 TWh.19

i  Hydropower data do not include pure pumped storage capacity except where specifically noted. For more information on data impacts, see Note on 
Accounting and Reporting, page X.
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China

Rest of the World 26%

Turkey 7%
Vietnam 6%
Russia 3%
Brazil 6%

52%

Vietnam added at least 1.8 GW of new capacity in 2012 to 
raise its total capacity to 12.9 GW. A significant portion of this 
increase was attributable to Vietnam’s Son La plant. The final 
two 400 MW turbines were installed to complete the 2.4 GW 
project, reportedly the largest hydropower project in Southeast 
Asia.20 

In Russia, three 333 MW units at its Boguchanskaya hydro-
power plant were commissioned in late 2012 and one in early 
2013, maintaining the country’s total operating capacity at 46 
GW.21 Following a catastrophic accident in 2009, the 6.4 GW 
Sayano-Shushenskaya plant, the country’s largest hydropower 
facility, is under continuing repairs that will see 10 new turbines 
installed by 2014.22 In all, at least 3.4 GW of capacity was 
installed in Russia during 2012.23 

Elsewhere, Mexico brought its 750 MW La Yesca hydropower 
plant into full operation in late 2012 for a country total of 

11.5 GW.24 The plant is said to have the world’s tallest con-
crete-faced earthfill dam of 220 metres.25 To the north, Canada 
commissioned the 200 MW Wuskwatim plant in Manitoba, and 
Hydro-Québec completed the 768 MW Eastmain 1-A power-
house, to be followed by the neighboring 150 MW Sarcelle pow-
erhouse in 2013.26 India added about 750 MW of hydropower 
capacity, of which 157 MW was categorised as small-scale (<25 
MW), to end the year at about 43 GW.27

In Africa, the Grand Renaissance Dam is well under way in 
Ethiopia, with commissioning of the first phase to start in late 
2013. When completed, it is expected to deliver 6,000 MW 
and to be the largest hydropower facility on the continent.28 
To ensure that Ethiopia’s growing hydropower output can be 
exported to neighbors in the Horn of Africa, several transmis-
sion projects have been under way. In 2012, a transmission 
link was completed between Ethiopia and Sudan, allowing an 

Rest of the World       48% China 23%

Brazil 8.5%

United States 7.9%
Canada 7.8%
Russia 4.6%

Figure 10.  hydroPower gloBal caPacity additions, shares oF toP Five countries, 2012

Figure 9. hydroPower gloBal caPacity, shares oF toP Five countries, 2012

hydroPower

Source:  
See Endnote 2  

for this section.

Source:  
See Endnote 5  

for this section.
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Hydropower dates back more than 2,000 years to when the 
Greeks used water wheels to grind grain. Over the centuries, it 
has played an important role in providing mechanical energy 
and, more recently electricity, supporting human and economic 
development. 

Hydropower dams, which provide large-scale water storage, 
can provide protection from hydrological variability (including 
floods and droughts) and increase irrigation of agricultural 
lands, while potentially providing a means of transportation and 
recreation. Specific applications of hydropower offer significant 
potential for reducing carbon emissions in the near- and long 
term. Hydropower is used by electric grid operators to provide 
baseload power and to balance electricity supply and demand, 
and it plays an increasingly important role in supporting grow-
ing shares of variable renewable resources in power systems. 
(See Sidebar 3, GSR 2012.)

Notwithstanding these benefits, there is ongoing debate about 
hydropower’s sustainability. The environmental and social 
impacts of hydro projects include: potential impacts on hydro-
logical regimes, sediment transport, water quality, biological 
diversity, and land-use change, as well as the resettlement of 
people and effects on downstream water users, public health, 
and cultural heritage. The gravity of the particular impacts 
varies in both scale and severity from project to project, as does 
the scope for their avoidance or mitigation. Also, the oppor-
tunity to maximise positive impacts (beyond the renewable 
electricity generated) varies from site to site.

A number of technological developments offer the potential 
to improve hydropower’s environmental sustainability. These 
include certain locally effective fish passages; both large and 
small “fish-friendly” turbine technologies that reduce down-
stream passage mortality; models for optimising environmental 
flows; and design changes to minimise or avoid discharges of 
lubricating oil from turbine equipment (or the use of biodegrad-
able oils). Project planning is beginning to incorporate greater 
understanding of dynamic climate and environmental impacts, 
in addition to traditional concerns such as revenue generation 
and flood control.

Some reservoir management plans incorporate upstream 
land-use management practices in recognition of associated 
sedimentation. Other practices include the identification of 
“no-go” project areas, and the protection of other areas (e.g., 
through “river offsets”) to compensate for project impacts 
such as biodiversity loss. In Norway, for example, the National 
Master Plan for hydropower sorts projects into acceptable/
not acceptable categories and protects a large number of the 
nation’s rivers. Prioritising existing water storage facilities, or 
new multipurpose facilities (driven by development, climate 
change mitigation, and water supply and irrigation concerns) for 
hydropower capacity expansion can offer a means of reducing 
associated impacts while broadening related benefits. 

With regard to social impacts, model projects have shown 
increased recognition of the potential risks associated with 
hydropower and identification of opportunities to avoid them. 
Although interactions with project-affected communities typ-
ically focus on mitigation and compensation, some examples 
have shown a shift to benefit sharing, with efforts to optimise 
potential positive impacts through engagement with affected 
communities and collaborative initiatives to improve local 
living standards. In instances when a decision is made to move 
populations, some developers have begun to engage commu-
nities in planning for their resettlement. Approximately 10% of 
the USD 500 million Theun Hinboun Expansion Project in Laos 
was allocated to address resettlement and social issues after a 
long participatory process involving a variety of stakeholders, 
although the overall resulting impact on resettled communities 
remains a controversial subject. 

Since the World Commission on Dams report was released in 
2000, both the industry and international agencies have devel-
oped a number of standards, principles, and guidelines to opti-
mise sustainability. These include the World Bank Safeguards, 
Equator Principles, and Hydropower Sustainability Assessment 
Protocol (HSAP). The International Finance Corporation 
(IFC) Performance Standards and Equator Principles require 
developers to obtain Free, Prior, and Informed Consent (FPIC) 
for projects that affect indigenous peoples who are closely 
tied to their lands and natural resources through traditional 
ownership or customary use. The voluntary HSAP aims to guide 
sustainability in the hydropower sector by measuring a project’s 
performance throughout its life cycle, treating environmental 
and social issues at parity with other considerations. 

Better compliance, further development, and wider adoption of 
these tools offer the potential to ensure that international prac-
tices are applied locally, irrespective of variations in national 
regulations, while providing common frameworks around which 
project stakeholders can engage in dialogue about specific 
projects and their impacts. 

The “Sustainability Spotlight” sidebar is a regular feature of the 
Global Status Report, focusing on sustainability issues regarding 
a specific renewable energy technology or related issue.

Source: See Endnote 11 for this section.
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initial export of 100 MW of hydropower to displace Sudanese 
thermal generation.29 In addition, the Ethiopia-Kenya Electricity 
Highway was approved for construction. The 2,000 MW link 
is expected to allow Ethiopia’s large hydropower resources to 
benefit the larger supply-constrained East Africa region.30 

Another region pursuing improved interconnection is Central 
America. The Central American Electrical Interconnection 
System, which was nearing completion in early 2013, stretches 
nearly 1,800 kilometres from Guatemala to Panama. This 
interconnection is expected to enable the region to harness 
more of its hydroelectric resources.31

Hydropower projects in developing countries have historically 
benefitted from the Clean Development Mechanism (CDM) 
but may face challenges due to a significant decline in prices 
of carbon credits in 2012 and early 2013.32 Meanwhile, the 
United Nations moved to set up two regional centres in Africa, 
one in Togo and another in Uganda, to provide assistance in 
development of CDM projects.33 Currently, less than 1% of CDM 
pipeline projects in the hydropower sector are located in Africa, 
while the majority is in China.34

Pumped storage hydro continues to grow in significance, largely 
for its ability to provide ancillary services as shares of variable 
renewable generation rise. About 3 GW of pumped storage 
capacity was added in 2012, for a total of 138 GW globally.35 
Europe added 675 MW to push the regional total above 45 GW, 
and China accounted for most of the 2012 addition, bringing 
1.5 GW of pumped storage online.36 China’s Fengning station in 
Hebei Province began construction in 2012; the 3.6 GW project 
could be the world’s largest pumped storage facility when 
completed.37 

■■ HyDroPowEr inDUstry
The hydropower industry is seeing growing prominence of 
joint-venture business models in which local and international 
partnerships share risks and benefits.38 For example, a 
public-private partnership brought the 250 MW Bujagali project 
in Uganda to completion in 2012.39 The International Finance 
Corporation (IFC – World Bank Group) joined Korea Western 
Power Co. to develop at least one project in Laos.40 In Vietnam, 
local and international parties, including Samsung of Korea, 
joined in a contract to build the Trung Son plant for a subsidiary 
of Electricity of Vietnam.41

As the size of large projects increases, manufacturers are 
developing and testing ever-larger turbine-generator units, 
including 1,000 MW Francis units produced by Tianjin Alstom 
(China) and Power Machines (Russia).42 Having delivered four 
record 812 MW Francis turbine generators to the Xiangjiaba 
plant, Alstom also committed to USD 130 million (EUR 100 
million) investment in hydropower development needs within 
China, including the Global Technology Center in Tianjin. The 
interest of major international hydropower companies staking 
manufacturing and research ground in China is believed to 
reflect the significance and stable growth of the country’s 
hydropower development pipeline.43

Companies are investing elsewhere as well. In early 2013, 
Alstom opened the new headquarters of its hydropower tech-
nology centre in Grenoble, France, following years of upgrades 
to the site and the doubling of its hydraulic test laboratory.44 
In Russia, Alstom (France) joined with RusHydro (Russia) to 
commence construction of a joint hydropower equipment man-
ufacturing plant.45 After heavy investment in new manufactur-
ing facilities in recent years, Voith Hydro (Germany) increased 
its emphasis on research and development, particularly for 
pumped storage technology.46 

IMPSA of Argentina, which holds a 30% market share in Latin 
America’s hydropower sector, opened a new factory that 
doubles its production capacity in order to meet the region’s 
sustained demand.47 In Japan, Toshiba announced the 
construction of a new thermal, hydro, and renewable power 
engineering centre in anticipation of growing demand for 
thermal and hydropower generation equipment in emerging 
economies.48

Manufacturers are also striving to advance pumped storage 
technology, pursuing requisite flexibility and efficiency through 
development of variable-speed units and other innovations.49 
Electricité de France plans to upgrade its 485 MW La Cheylas 
plant to variable speed. The consortium behind the project 
estimates that European pumped storage facilities could 
provide another 10 GW of regulation capability if converted to 
variable-speed operation.50 

The world’s leading hydropower technology and manufacturing 
companies are Alstom, Andritz (Austria), IMPSA, and Voith, 
together representing more than 50% of the global market.51 
Other major manufacturers include BHEL (India), Dongfang 
(China), Harbin (China), Power Machines, and Toshiba.
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oCEan EnErgy

■■ oCEan EnErgy markEts
After the introduction in 2011 of a 254 MW tidal power project 
in South Korea and a much smaller 300 kW wave energy facility 
in Spain, ocean energy took a rest in 2012, with very little new 
capacity added. Commercial ocean energy capacity remained 
at about 527 MW by year’s end, most of this being tidal power 
facilities.1

In September, the Cobscook Bay Tidal Energy Project off the 
U.S. coast of Maine began delivering electricity to the grid.2 
The Ocean Renewable Power Company’s (USA) TidGen device 
has a peak output of 180 kW.3 Across the Atlantic, off the coast 
of Portugal, AW Energy (Finland) deployed three 100 kW wave 
energy converters, which they call the WaveRoller. These 
converters are designed for near-shore applications and sit on 
the ocean floor at a depth of 8–20 meters.4

Other notable ocean energy facilities in operation around the 
world at the end of 2012 include France’s Rance tidal power 
station (240 MW), which has been in operation since 1966; 
tidal plants in Nova Scotia, Canada (20 MW) and in Zhejiang, 
China (3.9 MW); and a collection of tidal current and wave 
energy projects in the United Kingdom (about 9 MW).5

In addition to its Sihwa tidal power plant, which came on line in 
mid-2011, South Korea has planned to construct several other 
tidal plants to achieve national green growth targets. As of early 
2013, however, the status of these projects is uncertain. The 
country’s 6th Electricity Plan, issued in early 2013, includes the 
development of the Gangwha (813 MW) and Garorim (520 MW) 
tidal power plants, but public opposition on ecological grounds 
may prove to be a hindrance.6 

In the United States, Ocean Power Technologies (USA) received 
a license in 2012 for a 1.5 MW wave power station off the coast 
of Oregon, with deployment of the first 150 kW PowerBuoy 
(wave energy converter) set for 2013.7 Having received requisite 
licenses in 2012, Verdant Power (USA) is now in the build-out 
phase of its Roosevelt Island Tidal Energy project in New York, 
which envisions a 1 MW array of up to 30 tidal turbines in the 
East River.8

In the United Kingdom, the Severn River has long been eyed 
as a potential site for a tidal barrage, but it has faced the dual 
hurdle of the high economic cost and potential impact on 
wildlife. The topic resurfaced in 2012 with a new proposal to 
build a USD 50 billion (GBP 30 billion), 6.5 GW barrage across 
the 18-kilometre wide Severn estuary south of Cardiff, all with 
private funds. If constructed, the scheme could deliver 5% of 
the U.K.’s electricity needs.9

The absence of major new commercial project deployments 
must be considered in the context of this industry still being in 
relative infancy. There are numerous demonstration projects 
in the field or soon to be deployed, particularly in the United 
Kingdom. A slow but steady march towards commercial 
projects is a seen as positive, with particular near-term promise 
for tidal power technology.10

■■ oCEan EnErgy inDUstry
The continental shelf of the United Kingdom is a key testing 
ground for emerging ocean power technologies. Off the coast 
of Orkney, the European Marine Energy Center (EMEC) has a 
number of wave and tidal devices undergoing testing. In 2012, 
the U.K.’s National Renewable Energy Centre (Narec) opened 
a rig for testing of tidal devices under simulated conditions, 
providing valuable information to technology developers.11

These facilities, and the ocean energy companies carrying 
out research and development, receive support from the U.K. 
government and from regional authorities, including a USD 
167 million (GBP 103 million) investment fund launched by the 
Scottish Government, mainly in support of ocean energy.12 In 
Ireland, despite economy-driven funding cuts in recent years, 
research activities at maritime research facilities are expected 
to expand in 2013, including work on new grid connection for 
offshore devices.13

The expertise gathered in the fertile waters off Scotland is 
spawning test facilities elsewhere. EMEC has entered into 
agreement with counterparts in Taiwan, Japan, China, South 
Korea, the United States, and Canada to provide technical 
assistance on ocean power test sites.14 

Government assistance would not go far without the leverage of 
funding from private enterprise. As the industry works its way 
through the long process of developing and testing different 
technologies to harness wave and tidal power, each entity 
must secure sustained funding. This generally occurs though 
partnerships and joint ventures, or through capital injection via 
acquisition by major corporations.

Major power technology corporations have a growing presence 
in the ocean energy sector. In 2012, Alstom (France) acquired 
Tidal Generation Limited (U.K.), a former subsidiary of Rolls 
Royce specialising in tidal turbine technology. Later in the year, 
Alstom terminated licencing agreements with Clean Current 
(Canada), which develops in-stream tidal turbines.15 In 2011, 
Alstom had taken a 40% share in the Scottish AWS Ocean 
Energy Ltd.16
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Andritz (Austria) increased its stake to a majority share in the 
Norwegian ocean energy company Hammerfest Strøm AS, 
now known as Andritz Hydro Hammerfest.17 Iberdrola (Spain) 
also holds a share in the company, which has a tidal turbine 
operating at EMEC in Scotland.18 Marine Current Turbines (U.K.) 
is now wholly owned by Siemens (Germany).19 The company 
recently celebrated five years of operating its SeaGen turbine, 
the world’s largest grid-connected tidal stream turbine, off the 
coast of Northern Ireland.20

A joint venture between Vattenfall (Sweden) and Pelamis 
Wave Power (Scotland) to develop a 10 MW wave farm off the 
west coast of Shetland will be facilitated by an approved 370 
MW wind farm on the island, which paves the way for needed 
interconnection to mainland Scotland.21 This may indicate a 
potential synergy between ocean energy and other near-shore 
renewable energy projects. Vattenfall had noted previously that 
the project was predicated on such interconnection.22

Another joint venture, between Atlantis Resources Corporation 
(U.K.), investment bank Morgan Stanley, and power generator 
International Power (U.K.), hopes to start work on the 400 MW 
Meygen tidal power project in northern Scotland’s Pentland 
Firth in 2013.23 The project would use Atlantis Resources’ AR 
1000 1 MW tidal turbine that completed testing at the Narec 
testing grounds last year, as well as turbines from Andritz Hydro 
Hammerfest.24 With USD 5 million in new funding from the 
Canadian government, Atlantis has joined partners to deploy 
one of its turbines on Canada’s Atlantic coast in the Bay of 
Fundy, which is famous for having the highest tidal range in the 
world, at 17 metres.25

soLar PHotovoLtaiCs (Pv) 

■■ soLar Pv markEts
The solar photovoltaic (PV) market saw another strong year, 
with total global operating capacity reaching the 100 GW 
milestone in 2012.1 The market was fairly stable relative to 
2011, with slightly less capacity brought on line but likely higher 
shipment levels, and the more than 29.4 GW added repre-
sented nearly one-third of total global capacity in operation at 
year’s end.2 (See Figure 11 and Table R5.) The thin-film market 
share fell from 15% in 2011 to 13% in 2012.3

Eight countries added more than 1 GW of solar PV to their grids, 
and the distribution of new installations continued to broaden.4 
The top markets—Germany, Italy, China, the United States, and 
Japan—were also the leaders for total capacity.5 By year’s end, 
eight countries in Europe, three in Asia, the United States, and 
Australia had at least 1 GW of total capacity.6 The leaders for 
solar PV per inhabitant were Germany, Italy, Belgium, the Czech 
Republic, Greece, and Australia.7

Europe again dominated the market, adding 16.9 GW and 
accounting for about 57% of newly installed capacity, to end 
2012 with 70 GW in operation.8 But additions were down from 
22 GW and more than 70% of the global market in 2011; the 
region’s first market decline since at least 2000 was due largely 
to reduced incentives (including FIT payments) and general 
policy uncertainty, with the most significant drop in Italy.9 
Regardless, for the second year running the EU installed more 
PV than any other electricity-generating technology: PV repre-
sented about 37% of all new capacity in 2012.10 As its share of 
generation increases, PV is starting to affect the structure and 
management of Europe’s electricity system, and is increasingly 
facing barriers that include direct competition with conven-
tional electricity producers and saturation of local grids.11 

Italy and Germany both ended 2012 with more solar PV than 
wind capacity in operation, accounting for almost a quarter of 
the global total.12 (See Figure 12.) Germany added a record 7.6 
GW, up just slightly over the previous two years, increasing its 
total to 32.4 GW.13 Solar PV generated 28 TWh of electricity in 
Germany during 2012, up 45% over 2011.14 Italy reached a total 
capacity of 16.4 GW; however, the 3.6 GW brought on line was 
far lower than additions in 2011.15

Other top EU markets included France (1.1 GW), the United 
Kingdom (0.9 GW), Greece (0.9 GW), Bulgaria (0.8 MW), and 
Belgium (0.6 MW).16 All saw total operating capacity increase 
30% or more, with Bulgaria’s capacity rising sixfold, although 
France’s market was down relative to 2011.17 

Beyond Europe, about 12.5 GW was added worldwide, up from 
8 GW in 2011.18 The largest markets were China (3.5 GW), the 
United States (3.3 GW), Japan (1.7 GW), Australia (1 GW), and 
India (almost 1 GW).19 Asia (7 GW) and North America (3.6 GW) 
followed Europe for capacity added; by year’s end, Asia was 
rising rapidly and was second only to Europe for total operating 
capacity.20 

U.S. capacity was up 70% in 2012 to 7.2 GW.21 California had a 
record year (>1 GW added) and was home to 35% of total U.S. 
capacity.22 But PV is spreading to more states, driven by falling 
prices and innovative financing and ownership models such 
as solar leasing, community solar investments, and third-party 
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i It is telling of the rapid changes in PV markets that the 2011 edition of the GSR reported on utility-scale projects of more than 200 kW in size, and the 2012 
edition on projects greater than 20 MW.

financing.23 On the negative side, battles are emerging around 
the future of net metering due to utility concerns about 
potential stranded costs of existing generating assets.24 Utility 
installations represented 54% of additions and accounted for 
2.7 GW of U.S. capacity by year’s end, with more than 3 GW 
under construction.25 Utility procurement is slowing, however, 
as many utilities approach their Renewable Portfolio Standard 
(RPS) targets.26 

China doubled its capacity, ending 2012 with about 7 GW, but 
below expectations for the year.27 By the fourth quarter, China 
accounted for more than a third of global panel shipments, 
surging past Germany in response to government efforts to cre-

ate a market for the glut of domestic solar panels.28 The market 
is dominated by large-scale ground-mounted systems, many of 
which are in western China, far from load centers.29 But national 
policies aim to encourage distributed, building-mounted 
projects as well.30 

Total capacity in Japan rose 35% to exceed 6.6 GW, driven 
by the new feed-in tariff (FIT); by the end of 2012, solar PV 
accounted for 90% of capacity certified in the FIT system.31 
Japan’s rapid demand increase has led to significant invest-
ment in PV and a rush into projects that are pushing up land 
prices.32

Australia ended the year with nearly 2.4 GW, up 70% over 
2011.33 By early 2012, an estimated one in five homes in South 
Australia had rooftop PV.34 India also saw notable growth, with 
capacity increasing more than fivefold to 1.2 GW.35

Just as some traditional EU markets are starting to slow, falling 
prices make it easier for PV to compete in new markets across 
the globe. Namibia and South Africa brought large solar parks 
on line 2012, and Chinese companies have begun building 
projects in at least 20 African countries to help spur demand for 
Chinese exports.36 

Israel is the only country in the Middle East with a significant 
market.37 But in Saudi Arabia and across the Middle East-North 
Africa (MENA) region, interest in solar power is being driven 
by rapid increases in energy demand, a desire to free up more 
crude oil for export, and high insolation rates.38 

The Southeast Asia region has been dominated by Thailand, 
but markets are starting to bloom elsewhere.39 And driven by 
favourable policies, demand in Latin America is shifting from 
small off-grid and niche applications to large-scale deployment 
in the commercial and industrial sectors—especially in Brazil, 
Chile, and Mexico.40 

Interest in off-grid systems is growing, particularly in developing 
countries (see Rural Renewable Energy section).41 In 2012, one 
of the world’s largest off-grid systems was completed in the 
South Pacific territory of Tokelau, to provide 100% of electricity 
needs.42 Off-grid projects represent a significant portion of 
installed PV capacity in some developed countries, including 
Australia, Israel, Norway, Sweden, and the United States.43 
However, the vast majority of PV capacity today is grid-con-
nected, with off-grid accounting for an estimated 1% of the 
market, down from more than 90% two decades ago.44

The market for building-integrated PV (BIPV)—solar panels 
that double as shingles, walls, or other building materials—
represents less than 1% of solar PV capacity being installed 
worldwide, amounting to an estimated 100 MW in 2012.45 The 
economic downturn has slowed construction, dampening 
BIPV growth.46 Europe is the largest market with more than 50 
companies active in the sector.47 

Also on the rise in some countries is interest in communi-
ty-owned PV. Eight U.S. states have policies to encourage 
community solar projects; by late 2012, community projects 
accounted for an estimated 60 MW of U.S. capacity.48 In 
Australia, the Melbourne LIVE Community Power Programme 
enables community members who cannot install their own 
rooftop systems to invest in the project.49

At the same time, the number and scale of large PV projects 
continues to increase. By early 2013, about 90 plants in opera-
tion were larger than 30 MW, and some 400 had at least 10 MW 
of capacity.50 The world’s 50 biggest plants reached cumulative 
capacity exceeding 4 GW by the end of 2012, and at least 12 
countries across Europe, North America, and Asia had solar 
PV plants over 30 MW.i 51 More than 20 of these facilities came 
on line in 2012, including the world’s two largest: a 250 MW 
thin-film plant in the U.S. state of Arizona and a 214 MW plant 
in Gujarat, India.52 Germany held on to its lead for total capacity 
of facilities larger than 30 MW, with a cumulative 1.55 GW in 
operation by year’s end, followed by the United States, France, 
India, Ukraine, China, and Italy.53 Several projects are planned 
around the world that range from 50 to 1,000 MW in scale.54 

The concentrating PV (CPV) market is still comparatively tiny, 
but interest is increasing due greatly to higher efficiency levels 
in locations with high insolation and low moisture.55 The world’s 
first multi-megawatt projects came on line in 2011, and, by 
mid-2012, more than 100 plants totaling as much as 100 MW 
were operating in at least 20 countries worldwide.56 The United 
States has the largest capacity thanks to a 30 MW Colorado 
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plant that started operating in 2012, followed by Spain, China 
and Chinese Taipei/Taiwan, Italy, and Australia.57 CPV is also 
spreading to new markets in North Africa, the Middle East, and 
South America.58 

Solar PV is starting to play a substantial role in electricity 
generation in some countries, meeting an estimated 5.6% of 
national electricity demand in Italy and about 5% in Germany, 
with far higher shares in both countries during sunny months.59 
By year’s end, PV capacity in the EU was enough to meet an 
estimated 2.6% of total consumption, and global capacity in 
operation was enough to produce at least 110 TWh of electricity 
per year.60

■■ soLar Pv inDUstry
As in 2011, 2012 was a good year for solar PV distributors, 
installers, and consumers, but cell and module manufacturers 
struggled to survive let alone make a profit. An aggressive 
capacity build-up in 2010 and 2011, especially in China, 
resulted in excess production capacity and supply that, 
alongside extreme competition, drove prices down further in 
2012, yielding smaller margins for manufacturers and spurring 
continued industry consolidation.61 Low prices also have 
challenged many thin-film companies and the concentrating 
solar industries, which are struggling to compete.62 

The average price of crystalline silicon solar modules fell by 
30% or more in 2012, while thin film prices dropped about 
20%.63 Installed system costs are also falling, although not as 
quickly, and they vary greatly across locations. From the second 
quarter of 2008 to the same period in 2012, German residential 
system costs fell from USD 7.00/Watt (W) to USD 2.20/W; by 
contrast, average prices for U.S. residential systems had fallen 
to USD 5.50/W.64 

Approximately 31.9 GW of crystalline silicon cells and 35.5 GW 
of modules were produced in 2012, down slightly from 2011.65 
Despite several plant closures, year-end module production 
capacity increased in 2012, with estimates ranging from below 
60 GW to well over 70 GW.66 China’s production capacity alone 
exceeded the global market.67 Thin-film production declined 
nearly 15% in 2012, to 4.1 GW, and its share of total global PV 
production continued to fall.68 

Over the past decade, leadership in module production has 
shifted from the United States, to Japan, to Europe, to Asia.69 
By 2012, Asia accounted for 86% of global production (up from 
82% in 2011), with China producing almost two-thirds of the 
world total.70 Europe’s share continued to fall, from 14% in 2011 
to 11% in 2012, and Japan’s share dropped from 6% to 5%.71 
The U.S. share remained at 3%; thin film accounted for 29% 
of U.S. production, down from 41% in 2011.72 Europe was still 
competitive for polysilicon production, however, and the United 
States was the leading producer.73

The top 15 solar PV module manufacturers accounted for 
half of the 35.5 GW produced globally; 11 of these companies 
hailed from Asia.74 Yingli (China) jumped ahead of both Suntech 
(China) and First Solar (USA) to land in first position. First Solar 
held its number-two spot, and Suntech fell to fourth after Trina 
Solar (China). There was also much shifting in the ranks among 
the other top players.75 (See Figure 13, and Figure 13 in GSR 
2012.)

Market consolidation continued in 2012. On the project devel-
opment side, merger and acquisition activity was driven by 
large companies wanting to buy into project pipelines; among 
manufacturers, even global companies with solid financing 
suffered.76 The string of failures and bankruptcies that began 
in 2011 continued into 2013, due to overcapacity of module 
production.77 

More than 24 U.S. solar manufacturers have left the industry 
in recent years, and, by one estimate, about 10 European and 
50 Chinese manufacturers went out of business during 2012.78 
Even “tier 1” Chinese companies like Yingli and Trina idled 
plants and struggled to stay afloat.79 By year’s end, China’s 10 
largest manufacturers had borrowed almost USD 20 billion 
from state-owned banks, and Suntech Power’s main operating 
subsidiary declared bankruptcy in early 2013.80 In India, 90% of 
domestic manufacturing had closed or filed for debt restructur-
ing by early 2013.81

Other Asian companies were busy buying up next-generation 
U.S. solar technology, and Hanwha Group (South Korea) bought 
the bankrupt Q-Cells (Germany), the top module manufacturer 
in 2008.82 First Solar (USA) and Panasonic (Japan) closed 
production lines and/or suspended plans for new factories; GE 
(USA) halted construction on its thin-film factory in Colorado 
and announced plans to return to R&D; Bosch Solar (Germany) 
announced that it would stop making cells and panels in 2014; 
and Siemens (Germany) announced its exit from the solar 
business.83 Most companies that remained in established 
markets were investing in improving manufacturing processes, 
rather than R&D, to reduce their costs.84 

Even as some manufacturers idled production capacity or 
closed shop, others opened facilities and aggressively sought 
new markets—particularly in the developing world.85 New 
plants opened around the globe in 2012, from Europe to Turkey, 
Kazakhstan to Japan, and Malaysia to the United States.86 
Ethiopia’s first module-manufacturing facility (20 MW) began 
operating in early 2013 to supply the domestic market.87 

Innovation and product differentiation have become increas-
ingly important, and successful manufacturers have diversified 
both up- and downstream, with many expanding into project 
development or building strategic partnerships.88 First Solar 
moved away from the residential market to focus on develop-
ment of utility-scale PV plants; First Solar and SunPower (USA) 
both announced deals that will provide entry into the Chinese 
market; Trina Solar is becoming a provider of total solar solu-
tions; and Canadian Solar is shifting into project development 
and ownership.89

The year 2012 was also mixed for CPV. Several companies, 
including Skyline Solar and GreenVolts (both USA), closed their 
doors, and SolFocus (USA) announced a decision to sell; but 
those companies that were still operating invested increasing 
amounts of time and money in building manufacturing facilities 
in emerging markets.90 The industry is currently in the com-
mercialisation phase, but several challenges remain, including 
obtaining financing required to scale up projects, and demon-
strating continuous high yield outside the laboratory.91
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ConCEntrating soLar tHErmaL 
PowEr (CsP)

■■ CsP markEts
The concentrating solar thermal power (CSP) market continued 
to advance in 2012, with total global capacity up more than 
60% to about 2,550 MW.1 (See Figure 14 and Table R6.) The 
market doubled relative to 2011, with Spain accounting for most 
of the 970 MW brought into operation.2 From the end of 2007 
through 2012, total global capacity grew at an average annual 
rate approaching 43%.3 

Parabolic trough is the most mature technology, and it 
continues to dominate the market, representing about 95% 
of facilities in operation at the end of 2011, and 75% of plants 
under construction by mid-2012.4 Towers/central receivers 
are becoming more common and accounted for 18% of plants 
under construction by mid-year, followed by Fresnel (6%) and 
parabolic dish technologies, which are still under development.5 

Spain continued to lead the world for both deployment and total 
capacity of CSP, adding 950 MW to increase operating capacity 
by 95% to a total of 1,950 MW.6 As in the global market, 
parabolic trough technology dominates in Spain, but 2012 
saw completion of the world’s first commercial Fresnel plant.7 
The world’s first hybrid CSP-biomass plant also came on line.8 
However, policy changes in 2012 and early 2013—including 
a moratorium on new construction, retroactive feed-in tariff 
(FIT) changes, and a tax on all electricity producers—pose new 
challenges to Spain’s industry.9

The United States remained the second largest market in terms 
of total capacity, ending the year with 507 MW in operation.10 As 
in 2011, no new capacity came on line, but just over 1,300 MW 
was under construction at the close of 2012, all due to begin 
operation in the next two years.11 By year’s end, the Ivanpah 
facility under construction in California’s Mojave Desert was 
75% complete; once on line, this 392 MW power tower plant will 
be the world’s largest CSP facility and is expected to provide 
enough electricity for 140,000 U.S. homes.12 The Solana plant 
(280 MW), which was 80% constructed by year’s end, will be 
the world’s biggest parabolic trough plant upon completion.13

Elsewhere, more than 100 MW of capacity was operating at 
year’s end, with most of this in North Africa. Some relatively 
small projects came on line in 2012: Australia added 9 MW to 
its Liddell Power Station, where solar thermal feeds a coal-fired 

power plant, and Chile became home to the first CSP plant in 
South America, a 10 MW facility to provide process heat for a 
mining company.14 Other countries with existing CSP that did not 
add capacity in 2012 include Algeria (25 MW), Egypt (20 MW), 
and Morocco (20 MW)—all with solar fields included in hybrid 
solar-gas plants—and Thailand (5 MW).15 Several additional 
countries had small pilot plants in operation, including China, 
France, Germany, India, Israel, Italy, and South Korea.16 The 
United Arab Emirates (UAE) joined the list of countries with CSP 
in March 2013, when Shams 1 (100 MW)—the first full-size pure 
CSP plant in the Middle East-North Africa (MENA) region—began 
operation.17

Interest in CSP is on the rise, particularly in developing coun-
tries, with investment spreading across Africa, the Middle East, 
Asia, and Latin America. One of the most active markets in 2012 
was South Africa, where construction began on a 50 MW solar 
power tower and a 100 MW trough plant.18 Namibia announced 
plans for a CSP plant by 2015.19 Several development banks 
committed funds for projects planned in the MENA region, 
where ambitious targets could result in more than 1 GW of new 
capacity in North Africa in the next few years for domestic use 
and export.20 Saudi Arabia and the UAE plan to install CSP to 
meet rapidly growing energy demand and reserve more oil 
for export, and Jordan is evaluating possible projects; in early 
2013, Saudi Arabia launched a competitive bidding process 
that includes significant CSP capacity.21 

India planned to complete 500 MW by the end of 2013, but only 
one-third might be ready on time and some projects have been 
cancelled; phase two of the National Solar Mission has been 
delayed.22 In Australia, a 44 MW plant is under construction to 
feed steam to an existing coal facility.23 Many other countries, 
including Argentina, Chile and Mexico in Latin America, several 
countries in Europe, Israel, and China have projects under 
construction or have indicated intentions to install CSP plants.24 

Some experts have expressed concern that the window of 
opportunity for CSP is closing as solar PV prices continue to fall 
and utilities become more familiar with PV.25 However, CSP has 
a number of attributes that are expected to remain attractive to 
utilities. These include CSP’s ability to provide thermal storage 
and thus to be dispatchable and to enable an increased share 
of variable renewables, and its ability to provide low-cost steam 
for existing power plants (hybridisation).26 In addition, CSP 
has the potential to provide heating and cooling for industrial 
processes and desalination.27 

■■ CsP inDUstry
Although activity continued to focus on Spain and the United 
States, the industry further expanded its focus in Australia, 
Chile, China, India, the MENA region, and South Africa.28 There 
was a general trend of diversification of employment in Spain, 
the United States, and beyond, and global manufacturing 
capacity increased slightly during 2012.29 Falling PV and 
natural gas prices, the global economic downturn, and policy 
changes in Spain all created uncertainty for CSP manufacturers 
and developers.30 

The top companies in 2012 included Abengoa (Spain), a manu-
facturer and developer; manufacturer Schott Solar (Germany); 
and developers Acconia, ACS Cobra, and Torresol (all Spain), 
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Saudi-based ACWA emerged as a key player in 2012, with the 
award of two major projects in alliance with Acciona and TSK 
(Pakistan), in South Africa and Morocco.32 Chinese firms have 
begun to enter the CSP-related component business and are 
expected to be major suppliers for the foreseeable future.33

Spanish companies continued to lead the industry with owner-
ship interest in almost three-fourths of CSP capacity deployed 
around the world, and more than 60% of capacity under devel-
opment or construction by early 2013.34 But Spanish firms were 
challenged by policy changes at home, and companies based 
elsewhere were not immune from difficulties. The U.S. subsid-
iary of Germany’s bankrupt Solar Millennium filed for insolvency 
proceedings, as did SolarHybrid (Germany); BrightSource 
continued to develop several projects including Ivanpah, but 
did not go public as planned; and Siemens (Germany) decided 
to exit the solar business in late 2012, citing intense price pres-
sure in solar markets.35 Schott Solar produced its one-millionth 
solar receiver in November, but as of early 2013 was seeking 
bids for the majority stake in its CSP unit.36

Because CSP requires large capital investments, individual 
companies are involved in many parts of the value chain, from 
technology R&D to project operation and ownership. Extensive 
supply chains are emerging in Spain and the United States, 
with an increasing number of companies involved in the CSP 
business.37 

To increase product value or reduce costs, firms also have 
begun to expand development efforts to include a variety of CSP 
technologies. German Protarget released a new design for appli-
cations in the 1–20 MW range to demonstrate that standardised 
manufacturing processes and modular construction could 
result in faster and more cost-effective installations.38 3M and 

Gossamer inaugurated a U.S. demonstration facility with the 
world’s largest aperture parabolic trough; it uses lightweight, 
highly reflective film rather than glass, with the purpose of sig-
nificantly reducing installed costs.39 A few manufacturers have 
begun to market solar concentrator technologies for industrial 
heating and cooling, and desalination, including Solar Power 
Group (Germany), Sopogy (USA), and Abengoa.40 

Thermal energy storage is becoming an increasingly important 
feature for new plants as it allows CSP to dispatch electricity to 
the grid during cloudy periods or at night, provides firm capac-
ity and ancillary services, and reduces integration challenges.41 
Molten salt is the most widely used system for storing thermal 
energy, but other types—including steam, chemical, thermo-
cline (use of temperature differentials), and concrete—are also 
in use or being tested and developed.42

To reduce costs through economies of scale, the size of CSP 
projects is increasing. While plants in Spain have been limited 
to 50 MW because of regulatory restrictions, new projects in 
the United States and elsewhere are in the 150–500 MW range 
and even larger. Increasing size helps to reduce costs through 
economies of scale, but appropriate plant size also depends 
on technology.43 Some projects are also integrating dry cooling 
solutions that significantly reduce water demand, an advance-
ment that is important in the arid, sunny regions where CSP 
offers the greatest potential.44 

CSP prices have declined significantly in recent years, for sys-
tems with and without thermal storage.45 (See Characteristics 
and Costs Table, Table 2, p. X.) Although subject to changes 
in commodity prices, the major components of CSP facilities 
(including aluminum, concrete, glass, and steel) are generally 
not in tight supply.46
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■■ soLar tHErmaL HEating anD CooLing 
markEts
Solar thermal technologies contribute significantly to hot water 
production in many countries and increasingly to space heating 
and cooling as well as industrial processes. In 2011i, the world 
added nearly 51 GWth (more than 72 million m2) of solar heat 
capacity, for a year-end total of 247 GWth.1 An estimated 49 GWth 
(>96%) of the market was glazed water systems and the rest was 
unglazed water systems for swimming pool heating, as well as 
unglazed and glazed air collector systems.2 

The vast majority of solar heat capacity (all types) is in China and 
Europe, together accounting for more than 90% of the world 
market and 81% of total capacity in 2011.3 The top countries 
for total capacity in operation were China, the United States, 
Germany, Turkey, and Brazil.4 China focuses on evacuated tube 
(glazed) water collectors, whereas most systems in the United 
States use unglazed water collectors for pool heating. The only 
other markets of note for unglazed water collectors are Australia 
and, to a lesser extent, Brazil; other key markets rely primarily 
on flat plate (glazed) water collector technology.5 

Counting glazed water systems onlyii, the market grew 15%, and 
total global capacity in operation by the end of 2011 (223 GWth) 
provided an estimated 193 TWh (696 PJ) of heat annually.6 The 
2011 market leaders for newly installed glazed water collector 
capacity were China, Turkey, Germany, India, and Brazil; the 
same countries led for total capacity, with Brazil ahead of 
India.7 (See Figures 15 and 16 and Table R7.)

By the end of 2012, global solar thermal capacity in operation 
reached an estimated 282 GWth.

8 Global capacity of glazed 
water collectors reached 255 GWth.9 (See Figure 17.) China was 
again the main driver of solar thermal demand, adding 44.7 
GWth, a market increase of 11% over 2011. Total capacity rose 
18.6% (net 28.3 GWth), to 180.4 GWth—amounting to about 
two-thirds of global capacity.10 In China, solar heaters cost far 
less over their lifetimes than do electric or gas heaters, a major 
factor driving the market.11 Even so, deceleration in the building 
sector and some saturation of rural areas has slowed growth 
since 2009.12

Most demand in China is for residential purposes, but a growing 
share of systems is being installed on large apartment buildings 
in response to local government mandates.13 Solar thermal 
systems incorporated into building walls and balconies also 
make up a growing portion of China’s market; simple rooftop 
installations account for about 60% of the market and falling.14 

The European Union accounted for most of the remaining 
added capacity, although growth continued to be constrained 
by lower rates of building renovation, due in large part to the 
economic crisis, and to the reduction of support policies for 
solar heating.15 Germany and Austria, the long-term EU leaders 
for total installations, have both experienced marked declines.16 

Germany remained Europe’s largest installer in 2012, adding 
805 MWth for a total of 11.4 GWth; but this was down from 889 
MWth in 2011, explained partially by a reduction in incentives as 
of January 2012.17 The Austrian market shrank 10.3% in 2012, 
following a 17.8% decline in 2011, due largely to the greater 
appeal of solar PV for investors.18 The Greek market has been 
trending upwards despite economic turmoil, increasing 7.5% in 
2011 and 5.7% in 2012, due to rising electricity and heating oil 
prices.19 While the European market is becoming more diversi-
fied, growth in developing markets, such as Denmark and 
Poland, did not make up for the decrease in the region’s larger 
markets in 2012.20  

Turkey had almost 10.2 GWth of glazed water collectors in 
operation at the end of 2011.21 Markets remained strong without 
government incentives and despite an expanding natural gas 
network due largely to a high level of public awareness about 
the technology.22 In addition to hotels and hospitals, the low-
income housing sector is an important market in Turkey, and 
multi-family structures are considered to be the fastest growing 
market segment.23

Japan and India are the largest Asian markets outside of China. 
India added more than 0.6 GWth during the fiscal year 2011–12 
for a total of 4.8 GWth in early 2013.24 Japan’s market experi-
enced limited growth during 2011 and 2012, but is still below 
2008 levels, and South Korea has seen installations slow in 
recent years.25 But Thailand’s market is growing in response to 
an incentive for new hybrid (solar-waste heat) systems, with the 
capacity of subsidised systems increasing 13% in 2012.26

Brazil added almost 0.6 GWth to end 2012 with about 5.7 GWth 
(including unglazed water collectors).27 The Brazilian market 
has expanded rapidly due in part to programmes such as Minha 
Casa Minha Vida (“My House, My Life”), which mandates solar 
thermal on low-income housing.28 Mexico is also starting to 
play a role, and there are very small but growing markets in 
Argentina, Chile, and Uruguay.29 

To the north, the United States accounted for almost two-thirds 
of all unglazed water collectors in operation.30 The U.S. market 
for glazed water collectors is relatively small, however, and new 
installations declined in 2011 relative to 2010.31 At least in 
California, low natural gas prices and lack of awareness have 
made it difficult to sell systems in the residential market.32 As 
with solar PV, however, third-party ownership represents a 
growing trend, and some states have set solar thermal carve-
outs in their renewable portfolio standards.33

Several countries in Africa use solar thermal, including Egypt, 
Mozambique, Tunisia, Zimbabwe, and South Africa, the most 
mature market in sub-Saharan Africa.34 Tunisia’s PROSOL 
programme increased annual installations more than 13-fold 
over five years, to more than 64 MWth.35 In the Middle East, 
Israel leads for capacity installed, followed by Jordan and 
Lebanon, where penetration is 13% in the residential sector and 
the market is driven by national subsidies, zero-interest loans, 
and municipal mandates.36 

Although it ranked 22nd overall for capacity of glazed water 
systems at the end of 2011, Cyprus remained the world leader 

i The year 2011 is the most recent one for which firm global data and most country statistics are available.
ii Most countries collect data for glazed water collectors only, although the most important markets for unglazed water collectors also track this collector type; 
air collector capacities are more uncertain, but play a minor role in the market overall. To avoid mixing countries that have detailed data across all collectors 
with those that do not, the GSR focuses primarily on glazed water collectors.
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solar thermal heating and cooling

Turkey 2.6%
Germany 1.8%
India 1.5%
Brazil 0.7%
Italy 0.6%
Israel 0.5%
Australia 0.4%
Spain 0.4%
Poland 0.4%
France (mainland) 0.3%
Austria 0.3%

Rest of World 7.9%

China
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China
68%

Germany 4.6%
Turkey 4.6%
Brazil 1.7%
India 1.5%
Japan 1.5%
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Rest of World 11.3%

Figure 16.  solar water heating gloBal caPacity, 
shares oF toP 12 countries, 2011
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Figure 15. solar water heating gloBal caPacity additions, shares oF toP 12 countries, 2011
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on a per capita basis, with 541.2 kilowatts-thermal (kWth) per 
1,000 inhabitants, followed by Israel (396.6 kWth), Austria 
(355.7 kWth), Barbados (321.5 kWth), and Greece (268.2 
kWth).37 Remarkably, considering newly installed capacity in 
2011, China ranked second behind Israel on a per capita basis, 
followed by Austria, Cyprus, and Turkey.38

Solar space heating and cooling are also gaining ground. The 
most sophisticated markets are in Germany and Austria, where 
advanced applications—such as water and space heating for 
buildings of all sizes; large-scale plants for district heating; and 
air conditioning and cooling—account for a substantial share of 
each market.39 Hybrid systems that use solar thermal technol-
ogy and heat pumps are also gaining popularity in Europe.40 
Globally, the market share of systems that provide both water 
and space heating is about 4% and rising, with installations in 
established markets in South America (Brazil, Mexico) and Asia 
(China, India, Japan).41

District heating systems that use solar thermal technology 
(often linked to other heat sources like biomass) are cost com-
petitive in Austria, Denmark, Germany, and Sweden.42 During 
2012, systems were added, expanded, or planned across 
Europe; by year’s end, the region had 175 large-scale solar 
thermal systems connected to heating networks, amounting to 
319 MWth.43 Another 200 MWth are planned, with 75% of them in 
Denmark, home to Europe’s 10 largest solar thermal systems.44 
Large heat systems were also installed in South Africa, China, 
and Canada, where North America’s first seasonal storage-
solar heating system set a world record for meeting 97% of a 
community’s space heating needs.45

The global solar cooling market grew at an average annual rate 
exceeding 40% between 2004 and 2012, ending the period 
with about 1,000 solar cooling systems installed, mostly in 
Europe.46 Large-scale systems are creating interest due to their 
more favourable economics, while the availability of small (<20 
kW) cooling kits for residential use has increased interest in the 
residential sector, primarily in Central Europe and sunny dry 
climates like Australia, Mediterranean islands, and the Middle 
East.47 Another driver, particularly in countries with significant 
cooling needs, is the potential for solar cooling to reduce peak 
electricity demand.48

Solar heat and steam also can provide process heat and cooling 
for industrial applications. As of 2010, about 200 process heat 
systems were operating worldwide, totaling about 42 MWth. 
India was in the lead (with 10%), followed by Brazil (7%) and 
Israel (6%).49 New projects in 2012 included a leather tannery in 
China, a U.S. turkey processing company, and three Heineken 
beer producing facilities in Europe.50 Process heat accounts for 
the largest share of large-scale solar thermal capacity in Austria 
and for most of Thailand’s commercial solar heat subsidies.51 
However, district heating networks, solar air conditioning, and 
solar process heat for industrial purposes still account for less 
than 1% of global solar thermal capacity.52

■■ soLar tHErmaL HEating/CooLing inDUstry
The solar heating/cooling industry continued to face challenges 
during 2012, particularly in Europe.53 Large European heating 
companies have done well, but expansion among solar special-
ists has been slower.54 Slow but steady expansion continues 

in Eastern Europe.55 However, market deceleration in several 
central and south European countries has forced companies to 
increase focus on repairs or replacement of existing systems, 
and to close production capacity or to develop new produc-
tion facilities to meet rising demand outside of Europe.56 The 
industry also has been marked by acquisitions and mergers 
among leading players.57 

Rapid consolidation of the industry continued also in China, 
where the market share of the top 100 brands has risen from 40% 
to 70% in recent years, and an estimated 1,000 solar thermal 
companies have gone out of business since 2010.58 Attention to 
quality standards and certification increased during 2012 in 
response to high failure rates associated with cheap tubes from 
China.59

China maintained its multi-year lead in the global solar heating 
industry. Its largest companies—Sunrain Group, Linuo Group, 
Himin Solar, and Sangle Solar—continued to integrate vertically 
to cover all stages of manufacturing.60 In May 2012, Sunrain 
became the first solar water heater company to be listed on the 
Shanghai Stock Exchange.61 Although most Chinese water-
collector production is vacuum tube systems that are installed 
domestically, an increasing number of companies offer both 
flat-plate and vacuum tube collectors, and export of all collec-
tors has increased considerably in recent years.62

The largest manufacturers of flat-plate collectors include 
GreenOneTec (Austria), Bosch Thermotechnik (Germany), Ezinc 
(Turkey), Soletrol (Brazil), and Viessmann Werke (Germany).63 

German-based companies accounted for almost half of the top 
19 flat-plate manufacturers in 2007, but by 2011 they made up 
only one-third.64 

Brazil’s growing market has attracted interest among large 
industry players.65 South Africa has seen a significant increase 
in the number of installers in recent years, but the number of 
domestic manufacturers has declined due to rising competition 
from Chinese imports.66 Lebanon is also experiencing rapid 
growth, with the number of registered companies increasing 
from 25 in 2008 to more than 130 in 2011.67 

Price developments differ from country to country, with installed 
system prices depending largely on labor costs and where 
systems are installed (e.g., new or old buildings).68 Automation 
of manufacturing processes continued to increase in 2012, 
with continuing innovation from adhesives to materials and 
beyond.69 Such advances have successfully lowered production 
costs over the years, but these reductions are mostly offset by 
rising materials costs (copper, aluminum alloys).70 

As the market for solar air collectors expands, the number of 
manufacturers and products is also increasing.71 While the 
largest markets are in Europe and North America, where most 
suppliers concentrate on air-based systems, manufacturers 
in China and India are increasingly supplying these as well as 
water-based systems.72

Rising interest in solar cooling is attracting new companies 
to the solar thermal sector, such as Hitachi and Mitsubishi in 
Japan.73 The technology has historically had trouble competing 
due to its higher investment costs, but costs declined 50% 
between 2007 and 2012, and the potential remains for further 
reductions.74 There are also efforts under way to improve 
system quality, such as the recent adoption of an Australian 
standard for solar cooling.75 
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■■ winD PowEr markEts 
During 2012, almost 45 GW of wind power capacity began oper-
ation, increasing global wind capacity 19% to almost 283 GW.1 
(See Figure 18 and Reference Table R8.) It was another record 
year for wind power, which again added more capacity than 
any other renewable technology despite policy uncertainty in 
key markets.2 The top 10 countries accounted for more than 
85% of year-end global capacity, but the market continued to 
broaden.3 Around 44 countries added capacity during 2012, at 
least 64 had more than 10 MW of reported capacity by year’s 
end, and 24 had more than 1 GW in operation.4 From the end 
of 2007 through 2012, annual growth rates of cumulative wind 
power capacity averaged 25%.5

For the first time since 2009, the majority of new capacity 
was installed in the OECD, due largely to the United States.6 
Developing and emerging economies are moving firmly into the 
mainstream, however. The United States and China together 
accounted for nearly 60% of the global market in 2012, followed 
distantly by Germany, India, and the United Kingdom.7 Others in 
the top 10 for capacity added were Italy, Spain, Brazil, Canada 
and Romania.8 The EU represented about 27% of the world 
market and accounted for 38% of total global capacity (down 
from 40% in 2011).9

The United States had its strongest year yet and was the world’s 
top market in 2012.10 (See Figure 19.) U.S. installations nearly 
doubled relative to 2011, with almost 64% of the 13.1 GW 
added coming on line in the year’s final quarter.11 The strong 
market was driven by several factors including increased 
domestic manufacturing of turbine parts and technology 
improvements that are increasing efficiency and driving down 
costs; most important, however, was the expected expiration of 
the federal Production Tax Credit.12

Wind power represented as much as 45% of all new electric 
generating capacity in the United States, outdoing natural gas 
for the first time, and the 60 GW operating at year’s end was 
enough to power the equivalent of 15.2 million U.S. homes.13 
The leading states for capacity added were Texas (1.8 GW), with 
more than 12 GW in operation, California (1.7 GW), and Kansas 
(1.4 GW), and 15 states had more than 1 GW in operation by 
year’s end.14

China installed almost 13 GW, accounting for 27% of the world 
market, but showed a significant decline in installations and 
market share relative to 2009–2011.15 The market slowed 
largely in response to stricter approval procedures for new 
projects to address quality, safety, and grid access concerns.16 
Another major constraint has been the high rate of curtail-
ment—averaging 16% in 2011—which results when output 
temporarily exceeds the capacity of the transmission grid to 
transfer wind power to demand centers.17

Even so, at year’s end China had nearly 75.3 GW of wind capac-
ity; as in 2010 and 2011, about 15 GW of this total had not been 
commercially certified by year-end, although most was feeding 
electricity into the grid.18 Wind generated 100.4 billion kWh in 
2012, up 37% over 2011 and exceeding nuclear generation for 
the first time.19 By year’s end, almost 25% of total capacity was 
in the Inner Mongolia Autonomous Region, followed by Hebei 

(10.6%), Gansu (8.6%), and Liaoning (8.1%) provinces, but wind 
is spreading across China—nine provinces had more than 3 GW 
of capacity, and 14 had more than 1 GW.20

The European Union passed the 100 GW milestone in 2012, 
adding a record 11.9 GW of wind capacity for a total exceeding 
106 GW.21 Wind power came in second for electric capacity 
added (26.5%), behind solar PV (37%) and ahead of natural 
gas (23%); by year’s end, wind accounted for 11.4% of total EU 
electric capacity.22 Despite record growth, there is concern 
that the EU lags on its National Renewable Energy Action Plan 
(NREAP) targets, and that 2012 additions do not reflect growing 
economic and policy uncertainty (most capacity was previously 
permitted and financed).23 Some emerging markets are poised 
for significant growth, but grid connectivity and economic 
issues pose challenges to future development in much of 
Europe, as do land issues arising from having so much capacity 
on shore.24

Germany remained Europe’s largest market, rebounding 
strongly with its highest installations in a decade (2.4 GW), for 
a total of 31.3 GW.25 The United Kingdom ranked second for 
new installations in Europe for the second year running, adding 
1.9 GW (45% offshore) for more than 8.4 GW by year’s end, it 
now ranks third regionally for total capacity, behind Germany 
and Spain, and sixth globally.26 Italy (1.3 GW), Spain (1.1 GW), 
Romania (0.9 GW), and Poland (almost 0.9 GW) were the other 
leading markets in Europe.27 Romania and Poland both had 
record years, with Poland’s total capacity up nearly 55% and 
Romania’s almost doubling.28

India added about 2.3 GW to maintain its fifth-place ranking 
with a total of 18.4 GW at year’s end.29 India’s most important 
federal wind power incentives were suspended or reduced in 
early 2012; despite strong policies in many states, uncertainty 
at the national level affected investment decisions and slowed 
markets.30 Although there was a slowdown in both China and 
India, Asia remained the largest market for the fourth year in a 
row, adding a total of 15.5 GW in 2012, compared with North 
America’s 14.1 GW and all of Europe’s 12.2 GW.31

Elsewhere, the most significant growth was seen in Latin 
America. Brazil added 1.1 GW to rank eighth globally for 
newly installed capacity, and it ended 2012 with enough 
capacity (2.5 GW) to meet the electricity needs of 4 million 
households.32 Brazil’s electric grid is not expanding as rapidly 
as its wind capacity, however, slowing the ability to get new 
wind power online.34 Mexico also had a strong year, adding 0.8 
GW to approach 1.4 GW total, and brought the region’s largest 
project (306 MW) on line.33 Others in the region to add capacity 
included Argentina, Costa Rica, Nicaragua, Uruguay, and 
Venezuela, which commissioned its first commercial wind farm 
(30 MW).35

To the north, Canada had its second best year, adding more 
than 0.9 GW for a total of 6.2 GW. Three provinces reached 
milestones, with Ontario passing 2 GW total and Alberta and 
Quebec achieving 1 GW each.36

Africa and the Middle East saw little development, but Tunisia 
almost doubled its capacity, adding 50 MW; Ethiopia joined the 
list of countries with commercial-scale wind farms, installing 52 
MW; and construction began on several South African projects 
totaling more than 0.5 GW.37 Elsewhere, Turkey added 0.5 GW 
for a total of 2.3 GW, and Australia was the only country in the 
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Figure 18. wind Power gloBal caPacity, 1996-2012
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Pacific to add capacity (0.4 GW), bringing its total to nearly 
2.6 GW.38 

Worldwide, 13 countries had turbines operating offshore by the 
end of 2012, with 1.3 GW added for a total of 5.4 GW.39 More 
than 90% of this capacity was located off northern Europe, 
which continued to lead in offshore developments, adding a 
record 1.2 GW (up 35% over 2011) for almost 5 GW total in 
10 countries.40 The United Kingdom accounted for 73% of 
Europe’s additions, due largely to completion of the first phase 
of the London Array (630 MW), the world’s largest offshore wind 
farm; the U.K. ended 2012 with more than 2.9 GW offshore, 
followed in Europe by Denmark (0.9 GW), Belgium (0.4 GW), 
and Germany (0.3 GW).41 The remaining offshore capacity was 
in China (0.4 MW), Japan (25.3 MW), and South Korea (5 MW), 
which added 127 MW, 0.1 MW, and 3 MW, respectively.42

The trend towards increasing size of individual projects 
continued, driven mainly by cost considerations.43 Europe’s 
largest onshore wind farm (600 MW) was connected to the grid 
in Romania, and the largest U.S. wind farm (845 MW), which 
began operating in Oregon, is expected to power 235,000 U.S. 
homes.44

Independent power producers and energy utilities are currently 
the most important clients in the market in terms of capacity 
installed, but interest in community-owned wind power projects 
is rising in Australia, Canada, Japan, the United States, parts 
of Europe, and elsewhere.45 In the U.S. state of Iowa alone, at 
least six community projects came on line in 2012, and several 
projects were under way in Australia by year’s end.46 In Japan, 
interest has increased considerably since the Fukushima 
disaster in March 2011.47 Community power represents the 
mainstream ownership model in Denmark and Germany.48

The use of small-scale turbinesi is also increasing to meet 
energy needs both on- and off-grid and is driven by the 
development of lower-cost grid-connected inverters; volatile or 
rising fossil fuel prices; and government incentives.49 Off-grid 
and mini-grid uses prevail, particularly in China and other devel-
oping countries.50 Applications are expanding and include rural 
electrification, water pumping, telecommunications, defence, 
and other remote uses.51 There are two distinct markets: mod-
els with rated capacity below 10 kW, and those in the 10–500 
kW range.52 In general, the market is evolving towards 50 kW 
and larger turbines because they are easier to finance.53

Worldwide, at least 730,000 small-scale turbines were 
operating at the end of 2011, totaling 576 MW (up 27% over 
2010).54 China accounts for 40% of global capacity and the 
United States for 35%, followed by the United Kingdom (11%), 
Germany (2.6%), Ukraine, Canada, Italy, Poland, and Spain.55 
In 2012, the total capacity of U.S. sales of small-scale turbines 
was 18.4 MW.56 With the exception of China, most interest is 
in North America and Europe, with slow progress in emerging 
wind markets.57

Total wind power capacity by the end of 2012 was enough to 
meet at least 2.6–3% of global electricity consumption.58 In the 
EU, wind capacity operating at year’s end was enough to cover 
7% of the region’s electricity consumption in a normal wind year 

(up from 6.3% in 2011).59 Several countries met higher shares 
of their electricity demand with wind, including Denmark (30% 
in 2012; up from nearly 26% in 2011), Portugal (20%; up from 
18%), Spain (16.3%; up from 15.9%), Ireland (12.7%, up from 
12%), and Germany (7.7%; down from 8.1%).60

Four German states had enough capacity at year’s end to meet 
over 49% of their electricity needs with wind, and through the 
month of July the state of South Australia generated 26% of its 
electricity with wind power.61 In the United States, wind power 
represented 3.5% of total electricity generation (up from 2.9% 
in 2011) and met more than 10% of demand in nine states 
(five in 2011), with Iowa nearing 25% (up from 19%) and South 
Dakota at 24% (up from 22%).62

■■ winD PowEr inDUstry
During 2005–2009, turbine prices increased in response to 
growing global demand, rising material costs, and other factors; 
since then, however, growing scale and greater efficiency have 
combined to improve capacity factors and reduce costs of 
turbines as well as operations and maintenance.63 Oversupply 
in global turbine markets has further reduced prices, benefit-
ting developers by improving the cost-competitiveness of wind 
power relative to fossil fuels. However, the industry has been 
challenged by downward pressure on prices, combined with 
increased competition among turbine manufacturers, competi-
tion with low-cost gas in some markets, and reductions in policy 
support driven by economic austerity.64

Relative to their 2008 peak, turbine prices fell by as much 
as 20–25% in western markets and more than 35% in China 
before stabilising in 2012.65 The costs of operating and main-
taining wind farms also dropped significantly due to increased 
competition among contractors and improved turbine perfor-
mance.66 As a result, onshore wind-generated power is now 
cost-competitive with or cheaper than conventional power in 
some markets on a per kilowatt-hour basis (including some 
locations in Australia, India, and the United States), although 
new shale gas in some countries is making it more difficult for 
wind (and other renewables) to compete with natural gas.67 
Offshore wind remains at least twice as expensive as onshore.68

The world’s top 10 turbine manufacturers captured 77% of 
the global market and, as in 2011, they hailed from China 
(4), Europe (4), India (1), and the United States (1). Vestas 
(Denmark), the top manufacturer since 2000, surrendered its 
lead to GE Wind (third in 2011), which blew ahead due mainly 
to the strong U.S. market.69 Siemens moved from ninth to third, 
followed by Enercon (Germany) and Suzlon Group (India), 
both of which moved up one spot relative to 2011.70 Other top 
companies were Gamesa (Spain) and Goldwind, United Power, 
Sinovel, and Mingyang (all China); both Goldwind and Gamesa 
dropped out of the top five.71 (See Figure 20.) 

In 2012, more than 550 manufacturing facilities were making 
wind turbine components in every region of the United States; 
despite ongoing policy uncertainty, the share of equipment 
produced domestically increased considerably over the past 

i  Small-scale wind systems are generally considered to include turbines that produce enough power for a single home, farm, or small business, and are used 
for battery charging, irrigation, small commercial, or industrial applications. The International Electrotechnical Commission sets a limit at 50 kW, and the World 
Wind Energy Association and the American Wind Energy Association currently define “small-scale” as less than 100 kW, which is the range also used in the 
GSR; however, size can vary according to needs and/or laws of a country or state/province, and there is no globally recognized definition or size limit.
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decade, reducing transport-related costs and creating jobs.72 
(See Sidebar 4.) In Europe, industry activity focused increas-
ingly on offshore technologies and project development in 
Eastern Europe and other emerging markets.73 By late 2012, 
Brazil was home to 11 manufacturing plants and GE had a facil-
ity under construction, and India had 19 manufacturers with a 
consolidated annual production capacity exceeding 9.5 GW.74

In general, however, the turbine manufacturing industry was 
hit hard by rising costs, reductions in government support, 
and overcapacity, with several manufacturers delaying or 
cancelling expansion plans, scaling back operations, reducing 
their workforce, or filing for bankruptcy 75 In the United States, 
companies throughout the wind energy supply chain reduced 
workforces and closed facilities due to policy uncertainty 76 

Vestas (Denmark) chose to restructure, let go of thousands 
of employees, and end production of its kW size machines.77 
Sinovel (China) put workers on leave, and many suppliers in 
China in particular have been pushed to the edge of collapse, 
with overcapacity pushing smaller manufacturers out of the 
market.78 Suzlon (India) has lost money for three years running 
and has struggled with massive debt.79

At the same time, expansion and innovation continued in 2012. 
Local-content requirements (see Policy Landscape section) 
have not only spawned trade disputes but also led turbine 
manufacturers to build factories close to growing markets for 
competitive advantage.80 Chinese companies are taking pack-
age deals (including government-backed loans) to emerging 
markets and are establishing subsidiaries and partnerships 
with local companies to deploy their excess capacity.81 
Manufacturers are also assuming more risk to increase their 
share of the growing market for turbine maintenance, which is 
expected to provide relatively stable margins.82

Turbine designs continue to evolve in order to reduce costs and/
or improve performance, with trends towards longer blades, 
lower wind speeds, and new materials such as concrete for 
towers and carbon fibre for blades.83 At least two companies 
launched turbines for low-wind sites in 2012, and GE started 
developing blades made of tough, flexible fabric that could 
reduce blade costs by 25–40%.84 There is also a shift forwards 
towards automated manufacturing of blades and a shift back to 
traditional doubly-fed induction generators and medium-speed 
hybrid drives.85

The trend towards ever-larger turbines continued in 2012, with 
the average size delivered to market rising to 1.8 MW (from 1.7 
GW in 2011).86 Average turbine sizes were 3.1 MW in Denmark, 
2.4 MW in Germany, 1.9 MW in the United States, 1.6 MW in 
China, and 1.2 MW in India.87 During 2012, the average size 
installed offshore in Europe was up 14% over 2011 to 4 MW, and 
31 companies announced plans for 38 new offshore turbine 
models, with three-quarters of these being 5 MW and up.88 

Most manufacturers are developing turbines in the 4.5–7.5 MW 

range, with 7.5 MW being the largest size that is commercially 
available, but several companies announced plans in 2012 to 
develop even larger machines.89 Turbines are also rising higher 
and being outfitted with longer blades to capture more energy: 
REpower erected its tallest turbine to date, with a 143-meter 
hub height, and Siemens unveiled the “longest blades in the 
world” at 75 meters.90

In addition to seeing larger turbines, the offshore wind industry 
is moving into deeper water, farther from shore, and with 
greater total capacities per project, leading to increased 
interest in floating platforms.91 Several countries have pilot 
programmes for floating turbines, and Japan launched its first 
(100 kW machine) in 2012, with plans to install a full-scale 
machine in 2013.92 In Europe, the average offshore wind farm 
size increased 36% relative to 2011 (to 271 MW).93 As offshore 
projects become larger, there is growing competition for 
manufacturing capacity and installation resources, creating 
a trend towards vertical integration and consolidation in the 
supply chain, including installation vessels, with several project 
developers securing vessels and some funding new ones.94

The small-scale (<100 kW) wind industry also continued to 
mature in 2012, with hundreds of manufacturers worldwide, 
expanding dealer networks, and increasing importance of tur-
bine certification.95 Most manufacturers and service providers 
are concentrated in China, North America, and Europe.96 

As an example of efforts to diversify to survive, RRB Energy Ltd. 
of India is restarting production of a slightly larger-scale 225 kW 
turbine, discontinued in 2005, with plans to export many of the 
units to emerging markets in Africa and elsewhere.97 Gamesa 
plans to move into development of distributed and community 
wind projects.98
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siDEBar 4. JoBs in rEnEwaBLE EnErgy 
An estimated 5.7 million people worldwide work directly or in-
directly1 in the renewable energy sector, based on a wide range 
of studies, principally from the period 2009–2012. (See Table 
1.) This global figure should not be understood as a direct, 
year-on-year comparison with the 5 million jobs estimate pub-
lished in GSR 2012, but rather as an ongoing effort to refine the 
data. Global numbers remain incomplete, methodologies are 
not harmonised, and the different studies used are of uneven 
quality. The global renewable energy workforce encompasses a 
broad variety of jobs and occupations, ranging from low- to very 
high-skilled.

Although a growing number of countries is investing in renew-
able energy, the bulk of employment remains concentrated in 
a relatively small number of countries, including Brazil, China, 
India, the members of the EU, and the United States. These are 
the major manufacturers of equipment, producers of bioenergy 
feedstock, and leading installers of production capacity. 
Employment is growing in other countries as well, and there are 
increasing numbers of jobs (technicians and sales staff) in the 
off-grid sector of the developing world. For example, selling, 
installing, and maintaining small PV panels in rural Bangladesh 
provide livelihoods directly for as many as 70,000 people; some 
150,000 people are employed directly and indirectly. 

By technology, the largest number of jobs, about 1.38 million, 
is currently in the biofuels value chain—mostly in cultivating 
and harvesting feedstock, where jobs fluctuate seasonally. 
Brazil’s sugarcane-based ethanol industry is the largest 
biofuels employer, but increasing mechanisation of feedstock 
harvesting has reduced the number of direct jobs in sugarcane 
and ethanol processing to 579,000 in 2011. 

With the exception of EU data, the estimates for biomass heat 
and power are quite soft and dated. Geothermal and hydro-
power data in Table 1 are based on rough calculations. For solar 
heating/cooling, there are significant discrepancies among 
available sources, and estimates range from 375,000 jobs 
globally to 800,000 for China alone. 

Although the growth of jobs in the wind industry has slowed 
somewhat globally, employment in solar PV has surged in 
recent years. Yet solar PV is experiencing turbulence, as mas-
sive overcapacities and tumbling prices have caused layoffs 
and bankruptcies on the manufacturing side, while allowing 
sharp increases in the ranks of installers.

Hit hard by economic crisis and adverse policy changes, 
Spanish renewable energy employment fell from 133,000 jobs 
in 2008 to 119,000 in 2011. The CSP industry at first offset a 
portion of the job loss, but it is in trouble itself now due to policy 
changes, with employment falling below 18,000 in 2012. In 
France, 17% of renewable energy jobs were lost between 2010 
and 2012, principally in solar PV and geothermal heat pumps. 
Germany lost 23,000 solar PV jobs in 2012, but added 17,000 
wind power jobs. 

In the United States, solar employment related to installations is 
soaring, while the number of wind and biofuels jobs fluctuates 
in response to policy changes and other factors. For example, 
U.S. biofuels employment declined from 181,300 to 173,600 
in 2012 due to soaring feedstock prices, a drought-induced 
decline in yield, and lower demand.  

Overall, aggregate worldwide renewable energy employment 
continues to increase in a dynamic—albeit somewhat tumul-
tuous—process that entails both gains and losses in different 
parts of the world. 

a Power and heat applications.  b Employment information for large-scale hydropower is incomplete, and therefore focuses on small hydro. Although 10 MW 
is often used as a threshold, definitions are inconsistent across countries.  c Derived from the totals of each renewable energy technology.  d Estimates run 
as high as 500,000.  e About 365,000 jobs in sugarcane and 213,400 in ethanol processing in 2011; also includes 200,000 indirect jobs in manufacturing the 
equipment needed to harvest and refine sugar cane into biofuels, and 26,000 jobs in biodiesel.  f Biomass power direct jobs run only to 15,500.  g Includes 
173,600 jobs for ethanol and 42,930 for biodiesel in 2012.  h Includes 9,400 jobs in publicly funded R&D and administration; not broken down by technology.  
i 2011 estimate by the Spanish Renewable Energy Association (APPA); Protermosolar offers a somewhat lower figure for the same year (28,850 jobs) and finds 
that the number fell to 17,816 in 2012. 
1 Direct jobs are those related to a sector’s core activities, such as manufacturing, equipment distribution, and site preparation and installation, whereas 
indirect jobs are those that supply the industry.
Notes: Data are for principally for 2009–2012, with dates varying by country and technology. Totals may not add up due to rounding.
Source: IRENA, Renewable Energy and Jobs (Abu Dhabi: 2013).

taBLE 1. EstimatED DirECt anD inDirECt JoBs in rEnEwaBLE EnErgy worLDwiDE, By inDUstry 
 Technologies World China EU Brazil United 

States
India Germany Spain

Thousand Jobs
Biomassa 753 266 274 152f 58 57 39
Biofuels 1,379 24 109 804e 217g 35 23 4
Biogas 266 90 71 85 50 1
Geothermala 180 51 35 14 0.3
Hydropower (Small)b 109 24 8 12 7 2
Solar PV 1,360 300d 312 90 112 88 12
CSP 53 36 17 2 34i

Solar Heating/ Cooling 892 800 32 12 41 11 1
Wind Power 753 267 270 29 81 48 118 28

Totalc 5,745 1,747 1,179 833 611 391 378h 120



58

DRAFT

02 markEt anD inDUstry trEnDs By tECHnoLogy – winD PowEr

taBLE 2. statUs of rEnEwaBLE EnErgy tECHnoLogiEs: CHaraCtEristiCs anD Costs (ContinUED)
Technology Typical Characteristics Capital Costs Typical Energy Costs
Power Generation (USD/kW) (LCOE – U.S. cents/kWh)

B
io

m
en

er
gy

Bioenergy combustion:  
Boiler/steam turbine
Co-fire 
Organic MSW   

Plant size: 25–200 MW
Conversion efficiency: 25–35%  
Capacity factor: 50–90%

800–4,500

Co-fire: 200–800 

5.5–20

Co-fire: 4.0–12 

Bioenergy gasification Plant size: 1–10 MW
Conversion efficiency: 30–40%  
Capacity factor: 40–80%

2,050–5,500 6–24

Bioenergy anaerobic 
digestion:
Biogas 
Landfill gas (LFG)

Plant size: 1–20 MW
Conversion efficiency: 25–40%  
Capacity factor: 50–90%

Biogas: 500–6,500 
LFG: 1,900–2,200 

Biogas: 6–19 
LFG: 4–6.5

Biomass power: 
Stoker boiler/steam 
turbine
Circulating fluidised 
bed

Plant size: 25–100 MW
Conversion efficiency: 27%
Capacity factor: 70–80%

3,030–4,660 7.9–17.6

G
eo

th
er

m
al

 P
ow

er Geothermal power Plant size: 1–100 MW
Types: binary cycle, single- and double-
flash, natural steam
Capacity factor: 60–90%

Condensing flash: 2,100–4,200 
Binary: 2,470–6,100 

Condensing flash: 6–13
Binary: 7–14 

H
yd

ro
po

w
er

Hydropower: Grid-
based

Plant size: 1 MW–18,000+ MW
Plant type: reservoir, run-of-river
Capacity factor: 30–60%

Projects >300 MW: <2,000
Projects <300 MW: 2,000–
4,000

2–12 

Hydropower: Off-grid/
rural

Plant capacity: 0.1–1,000 kW
Plant type: run-of-river, hydrokinetic, 
diurnal storage

1,175–3,500 5–40

O
ce

an
 P

ow
er Ocean power: Tidal 

range
Plant size: <1 to >250 MW
Capacity factor: 23–29%

5,290–5,870 21–28

So
la

r P
V

Solar PV: Rooftop Peak capacity: 3–5 kW (residential); 100 
kW (commercial); 500 kW (industrial)
Capacity factor: 10–25% (fixed tilt)

2,275 (Germany; average 
residential)
4,300–5,000 (USA)
3,700–4,300 (Japan)
1,500–2,600 (Industrial)

20–46 (OECD)
28–55 (non-OECD)
16–38 (Europe)

Solar PV: Ground-
mounted utility-scale

Peak capacity: 2.5–250 MW (with larger 
plants proposed) 
Capacity factor: 10–25% (fixed tilt)
Conversion efficiency: 10–30% (high 
end is CPV)

1,300–1,950 (Typical global, 
end-2012)
Averages: 2,270 (USA);  
2,760 (Japan); 2,200 (China); 
1,700 (India)

12–38 (OECD)
9–40 (non-OECD)
14–34 (Europe)

CS
P

Concentrating solar 
thermal power (CSP)

Types: parabolic trough, tower, dish
Plant size: 50–250 MW (trough); 20–
250 MW (tower); 10–100 MW (Fresnel)
Capacity factor: 20–40% (no storage); 
35–75% (with storage) 

Trough, no storage:
4,000–7,300 (OECD);  
3,100–4,050 (non-OECD)
Trough, 6 hours storage: 
7,100–9,800
Tower, 6–15 hours storage: 
6,300–10,500

Trough and Fresnel: 
19–38 (no storage);  
17–37 (6 hours storage)
Tower: 
20–29 (6–7 hours 
storage); 12–15 (12–15 
hours storage)

W
in

d 
Po

w
er

Wind: Onshore Turbine size: 1.5–3.5 MW 
Rotor diameter: 60–110+ meters
Capacity factor: 25–40%

1,750–1,770
925–1,470 (China and India)

5–16 (OECD)
4–16 (non-OECD)

Wind: Offshore Turbine size: 1.5–7.5 MW
Rotor diameter: 70–125 meters 
Capacity factor: 35–45%

3,000–4,500 15–23

Wind: Small-scale Turbine size: up to 100 kW 3,000–6,000 (USA);  
1,580 (China)

15–20 (USA)

Hot Water/Heating/Cooling (USD/kW) (LCOH – USD/GJ heat)

B
io

m
as

s 
En

er
gy

Bioenergy heat plant Plant size: 0.1–15 MWth 
Capacity factor: ~50–90%
Conversion efficiency: 80–90%

400–1,200 13–80

Domestic pellet heater Plant size: 5–100 MWth
Capacity factor: 15–30%
Conversion efficiency: 80–95%

360–1,400 18–100

Biogas CHP (small gas 
engine generating set) 
Biomass CHP (medium 
steam turbine)

Plant size: 0.5–100 kWth
Capacity factor: ~60–80%
Conversion efficiency: 70–80% for heat 
and power

600–6,000 12–35
(plus electricity revenue)
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taBLE 2. statUs of rEnEwaBLE EnErgy tECHnoLogiEs: CHaraCtEristiCs anD Costs (ContinUED)
Technology Typical Characteristics Capital Costs Typical Energy Costs

B
io

m
as

s 
En

er
gy

Biomass steam turbine 
CHP

Plant size: 12–14 MWth 
Capacity factor: ~69%
Conversion efficiency: 25%

430–1,170 13–80

Biogas CHP Plant size: 0.5–5 MWth
Capacity factor: ~80%
Conversion efficiency: 25%

200–1,170 11.8–35.2

Domestic pellet heating Plant size: 5–100 kWth
Capacity factor: 13–29%
Conversion efficiency: 86–95%

360–1,410 18.8–100

G
eo

th
er

m
al

 P
ow

er

Geothermal space 
heating (buildings)

Plant size: 0.1–1 MWth
Capacity factor: 25–30%

1,865–4,595 28–76 

Geothermal space 
heating (district)

Plant size: 3.8–35 MWth
Capacity factor: 25–30%

665–1,830 16–36 

Ground-source heat 
pumps 

Plant size: 10–350 kWth
Capacity factor: 25–30%

500–4,000 20–65 

So
la

r H
ea

tin
g 

an
d 

Co
ol

in
g

Solar thermal: 
Domestic hot water 
systems

Collector type: flat-plate, evacuated tube 
(thermosiphon and pumped systems)
Plant size: 2.1–4.2 kWth (single family 
dwelling); 35 kWth (multi-family dwelling)
Efficiency: 100%

Single-family:
1,100–2,140 (OECD, new 
build); 1,300–2,200 (OECD, 
retrofit)l 147–634 (China)
Multi-family:
950–1,850 (OECD, new build); 
1,140–2,050 (OECD, retrofit)

4.2–79 (China) 

Solar thermal: 
Domestic heat and hot 
water systems (combi)

Collector type: same as water only
Plant size: 7–10 kWth (single-family 
dwelling); 70–130 kWth (multi-family 
dwelling); 70–3,500 kWth (district 
heating); >3,500 kWth (district heat with 
seasonal storage)
Efficiency: 100%

Single-family: same as water 
only
Multi-family: same as water 
only
District heat (Europe): 460–
780; with storage: 470–1,060

14–200 (domestic hot 
water)
District heat: 11 and up 
(Denmark)

Solar thermal: 
Industrial process heat

Collector type: flat-plate, evacuated 
tube, parabolic trough, linear Fresnel
Plant size: 100 kWth–20 MWth
Temperature Range: 50–400° C

470–1,000 (without storage) 11-44 

Solar cooling Capacity: 10.5–500 kW (absorption 
chillers); 8–370 kW (adsorption chillers)
Efficiency: 50–70%

1,600–5,850 n/a

Notes: Costs are indicative economic costs, levelised, and exclusive of subsidies or policy incentives. Several components determine the levelised costs of energy/
heat (LCOE/H), including: resource quality, equipment cost and performance, balance of system/project costs (including labour), operations and maintenance 
costs, fuel costs (biomass), the cost of capital, and productive lifetime of the project. The costs of renewables are site specific, as many of these components can 
vary according to location. Costs for solar electricity vary greatly depending on the level of available solar resources. It is important to note that the rapid growth in 
installed capacity of some renewable technologies and their associated cost reductions mean that data can become outdated quickly; solar PV costs, in particular, 
are changing rapidly. Costs of off-grid hybrid power systems that employ renewables depend largely on system size, location, and associated items such as diesel 
backup and battery storage. Data for rural energy are unchanged from GSR 2011, with the exception of wind turbines; off-grid hydro data were combined and 
moved under “Power” heading. 
Source: See Endnote XX for this section for sources and assumptions. 

Transport Fuels Typical Characteristics  Feedstock characteristics  Estimated production costs 
(U.S. cents/litre diesel or gasoline 
equivalent)

Biodiesel Feedstocks: soy, 
rapeseed, mustard seed, 
palm, jatropha, waste 
vegetable oils, and animal 
fats

Range of feedstocks with different crop 
yields per hectare and hence production 
costs vary widely among countries. Co-
products include high protein meal.

Soybean oil: 45–90 (Argentina); 
55–80 (USA)  
Palm oil: 30–100 (Indonesia/
Malaysia/Thailand/Peru)
Rapeseed oil: 120–140 (EU)

Ethanol Feedstocks: sugar cane, 
sugar beets, corn, 
cassava, sorghum, wheat 
(and cellulose in the 
future)

Range of feedstocks with wide yield and 
cost variations. Co-products include animal 
feed and heat and power from bagasse 
residues. Advanced biofuels are not yet fully 
commercial and have higher costs. 

Sugar cane: 45–80 (Brazil)
Corn (dry mill): 60–120 (USA)

Rural Energy Typical Characteristics Installed costs
(USD/kW) or LCOE (U.S. cents/kWh)

Biogas digester Digester size: 6–8 m3 n/a

Biomass gasifier Size: 20–5,000 kW LCOE: 8–12 

Solar home system System size: 20–100 W LCOE: 40–60 

Household wind 
turbine

Turbine size: 0.1–3 kW Capital cost: 10,000/kW (1 kW turbine); 5,000/kW (5 kW); 2,500/kW (250 kW)
LCOE: 15–35+ 

Village-scale mini-grid System size: 10–1,000 kW LCOE: 25–100 
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BioEnErgy
1 The International Energy Agency (IEA), World Energy Outlook 

2012 (Paris: 2012) reported 12,730 Mtoe of world primary energy 
demand in 2010. This number was extrapolated out to 2012 
by assuming 2.6% growth per year in non-OECD countries and 
limited growth in OECD countries. It converted to 537 EJ. Given 
the uncertainties of this extrapolation and particularly of the tra-
ditional biomass data available, the 10% of primary energy quotes 
as coming from biomass is probably within the range of 8–12%.

2 Helena Chum et al., “Bioenergy,” Chapter 2 in O. Edenhofer et 
al., eds. IPCC Special Report on Renewable Energy Resources and 
Climate Change Mitigation. Prepared by Working Group III of the 
Intergovernmental Panel on Climate Change (Cambridge, U.K. and 
New York: Cambridge University Press, 2011).

3 There is extensive literature on the topic of sustainable biofuel 
production; see, for example, Uwe R. Fritsche, Ralph E.H. Sims, 
and Andrea Monti, “Direct and Indirect Land-Use Competition 
Issues for Energy Crops and Their Sustainable Production – An 
Overview,” Biofuels, Bioproducts and Biorefining, 22 November 
2010.

4 The Roundtable on Sustainable Palm Oil (RSPO), established in 
2004, aims to ensure that palm oil plantations, which now equate 
to around 12 million hectares, are managed and operated in a 
sustainable manner, per RSPO Secretariat, “Why Palm Oil Matters 
In Your Everyday Life” (Kuala Lumpur: January 2013). Some 28 
million tonnes of palm oil are produced annually, comprising some 
30% of total global vegetable oil production, per RSPO Secretariat, 
“Sustainability Initiatives - Palm Oil, Roundtable on Sustainable 
Palm Oil (RSPO),” at www.roundtablecocoa.org/showpage.
asp?commodity_palmoil. 

5 David Laborde, Assessing the Land Use Change Consequences 
of European Biofuel Policies, report prepared for the Directorate 
General for Trade of the European Commission (Brussels: 2011). A 
series of BBC reports in late 2012 covered the issue of food versus 
fuel being exacerbated by drought conditions; see James Melik, 
“Nestle blames biofuels for high food prices,” BBC News, 17 July 
2012; James Melik, “New biofuels offer hope to hungry world,” 
BBC News, 8 August 2012; and “US biofuel production should be 
suspended, UN says,” BBC News, 10 August 2012. There is also 
an argument that producing biofuels increases household income, 
which leads to improved access to food; see J. Clancy and J. 
Lovett, Biofuels and Rural Poverty (London: Earthscan, 2011).

6 World corn production in 2012 was around 830 million tonnes/
year. Oklahoma State University, Department of Plant and Soil 
Sciences, Nitrogen Use Efficiency Web, “World Wheat, Corn & 
Rice,” http://nue.okstate.edu/Crop_Information/World_Wheat_
Production.htm; Laborde, op. cit. note 5. The U.S. Department 
of Agriculture’s monthly supply and demand estimates for 
agricultural commodities were released in mid-December, 2012. 
This amounted to 27% of U.S. maize crop production in 2010/11, 
although about one-third of the processed corn ends up as an 
animal feed co-product. Pangea, Who’s Fooling Whom? The Real 
Drivers Behind the 2010/2011 Food Crisis in Sub-Saharan Africa 
(Brussels: October 2012). The amounts of distillers dried grains 
with solubles (DDGS) produced are provided in U.S. Grains 
Council, A Guide to Distiller’s Dried Grains with Solubles (DDGS) 
(Washington, DC: October 2012).

7 Figure 5 based on biomass energy data for 2010 from IEA, op. cit. 
note 1. Based on 1,277 Mtoe (53.7 EJ) in 2010 and considering a 
growth rate of 1.4% per year. Available datasets used to compile 
each component of Figure 5 have uncertainties in the region of 
+10% or more. The losses shown occur during the process when 
converting from the various “primary” biomass feedstocks to 
obtain useful heat, electricity, or liquid and gaseous biofuels. 
Traditional biomass is converted inefficiently into useful heat for 
direct use, whereas modern biomass is converted into a range 
of energy carriers (solid, liquid, and gaseous fuels as well as 
electricity and heat) which are then consumed by end-users to 
provide useful energy services in the three sectors.

8 Traditional biomass (see Glossary for definitions of traditional and 
modern biomass used in this report) is fuelwood, charcoal, animal 
dung, and agricultural residues combusted in simple appliances 
(such as cooking stoves) with very low efficiencies (typically 
around 10–15%) to produce heat used mainly for cooking and 
the heating of dwellings in non-OECD countries. This definition 
is debatable, however, since stoves of more efficient designs are 
becoming more widely used and, in addition, some older designs 
of large-scale biomass conversion technologies with relatively 

low efficiencies are included under “modern biomass.” Heat data 
are very uncertain, but the GSR 2012 reported that total heat 
generated from biomass was around 45.5 PJ in 2011, which rose 
to about 46PJ in 2012 (see Figure 5).

9 IEA, op. cit. note 1.

10 IEA op. cit. note 1 gives 12,730 Mtoe of world primary energy 
demand in 2010, which was extrapolated out to 2012 assuming 
2.6% growth per year in non-OECD countries and limited growth in 
OECD countries. This converted to 537 EJ. Given the uncertainties 
of this extrapolation and the traditional biomass data available, the 
36.5 EJ shown in Figure 5 approximates to 6–7% of total primary 
energy.

11 There are three major sources of biofuel production and 
consumption data: F.O. Licht, IEA Medium Oil Market Reports, and 
the FAO Agricultural Outlook (see OECD, “Agricultural Outlook,” 
http://stats.oecd.org/viewhtml.aspx?QueryId=36348&vh=0000
&vf=0&l&il=&lang=en). The quoted data for 2012 are preliminary 
and vary considerably between them, so throughout this section, 
to assess the trends and biofuel production in 2012 compared 
with 2011, F.O. Licht data were mainly used. The 1% drop in total 
biofuel volume produced in 2012 (from 106.5 billion litres in 2011 
to 105.5 billion litres) was offset partly by an increase in the total 
energy content because ethanol (~23 MJ/l) declined but biodiesel 
(~40MJ/l) increased. By way of comparison on a volume basis, the 
IEA Medium Term Oil Market Report 2013 (Paris: 2013) showed a 
7% reduction of total biofuel production from 106.5 billion litres in 
2011 to 101.1 billion litres in 2012. 

12 P. Lamers, Ecofys/Utrecht University, personal communication 
with REN21, 9 April, 2013. Around 3.3 million tonnes comes 
to Europe from North America; 1.0 million tonnes comes from 
Eastern bloc countries; 0.1 million tonnes comes from South 
Africa, Australia, and New Zealand; and 3.7 million tonnes is 
traded internally between European countries. See also Table R3.

13 Biomass exchanges include the North American (nabiomass-
exchange.com/), Minneapolis (www.mbioex.com), Minnesota 
(mnbiomassexchange.org), and Biomass Commodity Exchange 
(www.biomasscommodityexchange.com). Rotterdam also has 
an exchange for pellets, see “World’s First Biomass Commodity 
Exchange,” Rotterdam Port Information Yearbook, 52nd Edition, 
at www.rotterdamportinfo.com.

14 Details of pellet trading routes in REN21, Renewables 2012 Global 
Status Report (Paris: 2012), Figure 6, p. 34. For wood chip trade, 
see P. Lamers et al., Global Wood Chip Trade for Energy (IEA 
Bioenergy, Task 40, 2012).

15 Based on 300 PJ of solid biomass fuels (excluding charcoal) 
traded in 2010, from P. Lamers et al., “Developments in interna-
tional solid biofuel trade – an analysis of volumes, policies, and 
market factors,” Renewable and Sustainable Energy Reviews, 
vol. 16, no. 5 (2012), pp. 3176–99, and on 120–130 PJ of net 
trade in fuel ethanol and biodiesel in 2009, from P. Lamers et al., 
“International bioenergy trade – a review of past developments 
in the liquid biofuels market,” Renewable and Sustainable Energy 
Reviews, vol. 15, no. 6 (2011), pp. 2655–76.

16 Data for 2012 are preliminary. Figure 6 from the following 
sources: “World Pellets Map,” Bioenergy International Magazine 
(Stockholm: 2013); Maurizio Cocchi et al., Global Wood Pellet 
Industry Market and Trade Study (IEA Bioenergy, Task 40, 
Sustainable Bioenergy Trade, December 2011); EUROSTAT, “Data 
explorer - EU27 trade since 1995 by CN8,” 2013, at http://epp.
eurostat.ec.europa.eu/portal/page/portal/statistics/search_data-
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40 IEA, op. cit. note 1.

41 REN21, op. cit. note 14, p. 34.

42 “Biomass News,” Biomass Magazine, March 2013, at http://issuu.
com/bbiinternational/docs/march_13-bmm, based on Federal 
Regulatory Commission’s Office of Energy Projects.

43 Data based on U.S. Department of Energy, Energy Information 
Administration (EIA) Monthly Energy Review, April 2013 (that 
included non-renewable MSW but this is a small share of the total 
power); IEA Energy Statistics online data services, 2013, were 
used to check 2011 data.

44 Figure of 9.6 GW from ANEEL, op. cit. note 37. 

45 EurObserv’ER, The State of Renewable Energies in Europe: 
Edition 2012 (Paris: 2012); France added 77 MW of solid biomass 
capacity in 2012 and 236 MW of biogas, per ERDF, op. cit. note 
37; IEA Energy Statistics online data services, 2013, was used to 
check 2011 data.

46 Figure of 35.9 TWh from EurObserv’ER, Biogas Barometer (Paris: 
2012); 18.2 TWh from EurObserv’ER, Renewable Municipal Waste 
Barometer (Paris: 2012).

47 AGEE Stats, “Renewable energy sources 2012,” op. cit. note 37.

48 EurObserv’ER, Biogas Barometer, op. cit. note 46; AGEE Stats, 
“Entwicklung der erneuerbaren Energien in Deutschland im Jahr 
2012,” February 2013.

49 Figure of 8.0 GW from Wang, op. cit. note 34, but data provided 
were rounded off to nearest GW because uncertain; China’s 
growth rate based on 2012 capacity from idem.

50 Institute for Sustainable Energy Policies (ISEP), Renewables Japan 
Status Report 2013 (Tokyo: May 2013).

51 Small gasifier capacity from World Bioenergy Association, 
member newsletter, December 2012, at www.worldbionergy.org. 
For data to end-January 2013, see MNRE, op. cit. note 37.

52 International Renewable Energy Agency (IRENA), Biomass 
Co-firing: Technology Brief (Abu Dhabi: 2013). 

53 ANEEL, op. cit. note 37.  

54 Bioenergy Insight, “Zimbabwe capital urged to house biogas 
facility,” 13 February 2013, at www.bioenergy-news.com; DGEG, 
op. cit. note 37.

55 More details in REN21, op. cit. note 14, p. 35; P. Richardson, 
“TowerPower plans Kenya’s first biomass power plant, daily says,” 
Bloomberg.com, 15 January 2012.

56 IEA, Biofuels for Transport (Paris: 2011).

57 European Commission, “Commission Staff Working Document: 
Impact Assessment” (Brussels: 17 October 2012). Lack of proper 
infrastructure, as well as low incomes for the rural population, 
are the main challenges for developing countries to efficiently 
produce food. It can be argued that under some circumstances, 
sustainable biofuels production can stimulate food production by 
generating revenue.  
Bloomberg New Energy Finance, 2012 Bioenergy Forum Leaders 
Results Book (London: 1 March 2013). 

58 Global production and Figure 8 based on F.O. Licht, op. cit. note 
24. Ethanol data converted from cubic metres to litres using 
1,000 litres/cubic metre. Biodiesel reported in 1,000 tonnes and 
converted using a density value for biodiesel of 1,136 litres/tonne 
based on NREL, Biodiesel Handling and Use Guide, Fourth Edition 
(Golden, CO: January 2009. There are three major sources of 
biofuel production and consumption data: F.O. Licht, IEA Medium 



62

DRAFT

EnDnotEs 02 markEt anD inDUstry trEnDs By tECHnoLogy – BioEnErgy

Oil Market Reports, and FAO Agricultural Outlook (see OECD, op. 
cit. note 11). The quoted data vary considerably between them. 
For example F.O. Licht calculated 83.1 billion litres of ethanol 
was produced in 2012 (down 1% since 2011) and 22.5 billion 
litres of biodiesel (up 0.05%), whereas the IEA Medium Term Oil 
Market Report (Paris: June 2013) calculated 78.8 billion litres of 
ethanol (down 7%) and 22.2 billion litres of biodiesel (up 2%). To 
assess the trends and production in 2012, F.O. Licht data were 
mainly used as in previous years since 2008. Note, when quoted 
in tonnes, conversion to litres assumed 1,136 litres per tonne of 
biodiesel. 

59 Figure of 21.6 billion litres from F.O. Licht, op. cit. note 24; invest-
ment from Ernst and Young, Renewable Energy Attractiveness 
Indices, November 2012.

60 F.O. Licht, op. cit. note 24.
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88 The project was co-financed through a government award and 
with revenues obtained from the sale of 200 million emission 
allowances from the EU emissions trading scheme, per Bayar, op. 
cit. note 31.

89 Masumi Suga and Yasumasa Song, “JFE unit’s boiler orders 
to surge as biomass takes hold in Japan,” Bloomberg.com, 16 
January 2013.

90 Bioenergy Insight, “North American wood pellet export to Europe 
rises,” 29 January 2013, at www.bioenergy-news.com.

91 Bioenergy Insight, “Renewable energy facility celebrates year 
in production,” 1 March 2013, at www.bioenergy-news.com; 
T. Probert, “Biomass industry 2012 review – a mixed bag,” 
RenewableEnergyWorld.com, 24 December 2012.

92 M. Wild, Principal, Wild and Partners, LLC, Vienna, personal 
communication with REN21, 2013. Note that a single average 
size coal power plant converted to co-fire with torrefied biomass 
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intact, from Lawrence Hurley, “Court Faults EPA Over Cellulosic 
Standards,” E&E News, 25 January 2013; Wald, op. cit. note 102; 
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gEotHErmaL PowEr anD HEat
1 Estimates for direct use of geothermal energy in 2011 are based 

on values for 2010 (50.8 GWth of capacity providing 121.6 TWh 
of heat), from John W. Lund, Derek H. Freeston, and Tonya L. 
Boyd, “Direct Utilization of Geothermal Energy: 2010 Worldwide 
Review,” in Proceedings of the World Geothermal Congress 2010, 
Bali, Indonesia, 25–29 April 2010; updates from John Lund, Geo-
Heat Center, Oregon Institute of Technology, personal communi-
cations with REN21, March, April, and June 2011. Since GHP use 
is growing much faster than other direct-use categories, historical 
average annual growth rates for capacity and energy-use values 
for nine sub-categories of direct heat use were calculated for the 
years 2005–10 and used to project change for each category. 
The resulting weighted average annual growth rate for direct-heat 
use operating capacity is 13.8%, and for thermal energy use is 
11.6%. The resulting estimated aggregate average capacity factor 
is 26.8%.

2 Lund, Freeston, and Boyd, op. cit. note 1; updates from Lund, op. 
cit. note 1.

3 Ibid.

4 Two-thirds based on 64% from Lund, Freeston, and Boyd, op. cit. 
note 1; updates from Lund, op. cit. note 1.  
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Lund, Freeston, and Boyd, op. cit. note 1; updates from Lund, 
op. cit. note 1; United States from U.S. Energy Information 
Administration, Monthly Energy Review (Washington, DC: March 
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Table 10.2c (Consumption: Electric Power Sector), and Table 
A6 (Approximate Heat Rates for Electricity and Heat Content 
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of 227 trillion Btu less 163 trillion Btu for electricity generation, 
yielding 64 trillion Btu for direct use, or 18,757 GWh. Iceland from 
Orkustofnun, Energy Statistics in Iceland 2012 (Reykjavik: 2013). 
Based on 42.2 PJ total geothermal energy use, of which 61%, or 
7,156 GWh, is direct use.

6 Lund, Freeston, and Boyd, op. cit. note 1. 

7 Orkustofnun, op. cit. note 5.

8 Electricity generated by CHP unit drives the electric heat pump, 
allowing for heating and cooling of space and high levels of 
efficiency, per Chris Webb, “Developers Warm to Small-Scale 
Geothermal,” RenewableEnergyWorld.com, 11 September 
2011. Note that some regard the net thermal contribution of 
heat pumps as an efficiency improvement in the heating and 
cooling use of electricity rather than a portion of the thermal 
energy balance. This appears to be the convention in Sweden; 
see Energimyndigheten (Swedish Energy Agency), Energiläget 
2011 (Stockholm: November 2011), p. 67. But the cooling load 
is not always “considered as geothermal” because heat is 
discharged into the ground or groundwater (see, for example, 
Lund, Freeston, and Boyd, op. cit. note 1). Nonetheless, the net 
thermal contribution made possible by the use of heat pumps is 
equally valid whether the desired service is cooling or heating, so 
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9 Doubled from Lund, Freeston, and Boyd, op. cit. note 1; updates 
from Lund, op. cit. note 1.  

10 Europe’s total was 13,998.1 MWth, Sweden’s was 4,314.2 MWth, 
followed by Germany (3,000 MWth), France (1,785.3 MWth), 
and Finland (1,372.5 MWth), per EurObserv’ER, The State of 
Renewable Energies in Europe 2012 (Paris: 2012), p. 51.

11 “Small-scale Renewables: Big Problem, Small Solution,” in REW 
Guide to North American Renewable Energy Companies 2013, 
supplement to Renewable Energy World Magazine, March-April 
2013, pp. 18–24.

12 As of late 2012, the system provided cooling for 47 buildings and 
heat for 22, per ibid., pp. 18–24.

13 Total global installed capacity in 2012 of 11.65 GW based on 
global inventory of geothermal power plants by Geothermal 
Energy Association (GEA) (unpublished), per Benjamin Matek, 
GEA, personal communication with REN21, May 2013. Estimate 
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the global average capacity factor for geothermal generating 
capacity in 2010 (70.44%), derived from 2010 global capacity 
(10,898 MW) and 2010 global generation (67,246 GWh), see 
Ruggero Bertani, “Geothermal Power Generation in the World, 
2005–2010 Update Report,” Geothermics, vol. 41 (2012), pp. 
1–29. Calculation is based on estimated 2012 year-end capacity. 
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The International Energy Agency (IEA) puts geothermal generation 
at 71 TWh in 2011, per Organisation for Economic Co-operation 
and Development (OECD)/IEA, Medium-Term Renewable Energy 
Market Report 2012 (Paris: 2012), p. 144 and Table 80. 

14 The global capacity estimate of 11.65 GW is based on a global 
inventory of geothermal power plants, per GEA, op. cit. note 13. 
Estimated global capacity additions in 2012 were 300 MW as 
noted in this section.

15 Global inventory of geothermal power plants, per GEA, op. cit. 
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35 Benjamin Matek, GEA, Washington, DC, personal communication 
with REN21, April 2013.

36 LX Richter, “Local opposition to geothermal projects in national 
parks in Japan,” ThinkGeoenergy.com, 16 August 2012.

37 LX Richter, “Japan sets feed in tariff for geothermal at $0.22 to 
$.51 per kWh,” ThinkGeoenergy.com, 22 April 2012.

38 “El Salvador to add 689 MW of wind energy, solar power and 
geothermal,” Evwind.es, 12 May 2012; U.S. Geothermal Inc., “U.S. 
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51 Marc Favreau, “Geothermal Industry Continues to Struggle for 
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Meg Cichon, “Geothermal Heating Up in Nevada Despite Frigid 
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HyDroPowEr
1 International Hydropower Association (IHA) estimates a global 

hydropower capacity addition of 26–30 GW during 2012 and 
cumulative capacity of 955 GW at the end of 2011, per IHA, 
London, personal communication with REN21, February 2013. 
The International Journal on Hydropower & Dams’ Hydropower & 
Dams World Atlas 2012 (Wellington, Surrey, U.K.: 2012) estimates 
installed hydropower capacity in 2011 at more than 975 GW, 
including a limited number of pumped storage facilities. Hydro 
Equipment Association (HEA) has documented a total of 35 GW 
of capacity installations in 2012, per HEA, Brussels, personal 
communication with REN21, April 2012. Based on these figures, a 
best estimate of non-pumped storage hydro capacity at year-end 
2012 would be about 990 GW.

2 Estimate is based on global capacity of 990 GW at the end of 
2012, and a total of 515 GW for the top five countries including 
the addition of 19.4 GW in 2012 for these five countries (China 
at 15.51 GW, Brazil at 1.86 GW, United States estimated at 
99 MW, Canada at 968 MW, and Russia at 999 MW). Figure 9 
based on the following sources: China from China Electricity 
Council, http://tj.cec.org.cn/fenxiyuce/yunxingfenxi/yue-
dufenxi/2013-01-18/96374.html, viewed April 2013; State 
Electricity Regulatory Commission, National Bureau of Statistics, 
National Energy Administration, Energy Research Institute, and 
China National Renewable Energy Center, “China Renewables 
Utilization Data 2012,” March 2013, at www.cnrec.org.cn/english/
publication/2013-03-02-371.html. Total installed capacity is 
listed as 248.9 GW, of which 20.31 GW is pumped storage, yield-
ing net hydro capacity of 228.6 GW. For Brazil, an estimated 1,857 
MW was added in 2012, per Brazil National Agency for Electrical 
Energy (ANEEL), “Fiscalização dos serviços de geração,” at www.
aneel.gov.br/area.cfm?idArea=37. Total installed large hydro-
power capacity at the end of 2012 was 79.7 GW and small hydro 
capacity was 4.3 GW, per ANEEL, “Capacidade de geração em 
2012 chega a 121,1 mil Megawatts,” press release (Brasilia: 18 
February 2013). U.S. total capacity at the end of 2011 was 78,194 
MW with 99 MW of anticipated capacity additions for 2012, per 
U.S. Energy Information Administration (EIA), Electric Power 
Annual (Washington, DC: January 2013), Tables 4.3 and 4.5. 
Canada capacity additions in 2011 of 1.34 GW from Marie-Anne 
Sauvé, Hydro-Québec, and from Domenic Marinelli, Manitoba 
Hydro, personal communications via IHA, April 2012; additions 
of 968 MW for 2012 from Canadian Broadcasting Corporation, 
“Wuskwatim Power Station Officially Opens,” 5 July 2012, at www.
cbc.ca, and from Hydro-Québec, Annual Report 2012 (Montreal: 
2012), p. 6; existing capacity in 2010 of 75.08 GW from Statistics 
Canada, “Installed generating capacity, by class of electricity 
producer,” Table 127-0009, at http://www5.statcan.gc.ca. Russia 
from: RusHydro, “RusHydro Launches New Hydropower Unit at 
the Boguchanskaya Hydropower Plant,” press release (Moscow: 
22 January 2013); System Operator of the Unified Energy System 
of Russia, “Boguchan plant produced its first billion kilowatt-hours 
of electricity” [translated from Russian], 21 March 2013, at www.
so-ups.ru/index.php?id=energy_news_view&no_cache=1&tx_
ttnews[tt_news]=4222; capacity of 46 GW on 1 January 2013 
from System Operator of the Unified Energy System of Russia, 
“Operational Data for December 2012,” www.so-ups.ru/fileadmin/
files/company/reports/ups-review/2013/ups_review_jan13.pdf. 

3 U.S. generation from EIA, Electric Power Monthly (Washington, 
DC: March 2013), Table 1.1. Canada generation from Statistics 
Canada, ”Electric Power Generation, by class of electricity 
producer,” Table 127-0002, at http://www5.statcan.gc.ca/cansim.

4 Global estimate for 2012 based on the following sources: 
preliminary estimates from International Energy Agency (IEA), 
Medium-Term Renewable Energy Market Report 2013 (Paris: 
OECD/IEA, forthcoming 2013); IHA, op. cit. note 1; 2011 global 
hydropower generation from BP, Statistical Review of World Energy 
2012 (London: 2012) (expressed in terms of average thermal 
equivalence assuming a 38% conversion efficiency in a thermal 
power plant at 791.5 Mtoe, which translates to 3,498 TWh). This 
value, escalated at the average annual change (7.0%) of aggregate 
hydropower output from 2011 to 2012 for seven top producers 
(China, Brazil, Canada, United States, Russia, Norway, and 
India), would suggest a global estimated value of 3,741 TWh for 
2012. Country generation data from the following sources: China 
Electricity Council, op. cit. note 2; National Electrical System 
Operator of Brazil (ONS), “Geração de Energia,” www.ons.org.
br/historico/geracao_energia.aspx; Statistics Canada, Table 
127-0002, op. cit. note 3; EIA, op. cit. note 3; System Operator of 
the Unified Energy System of Russia, monthly operational data, 

www.so-ups.ru/index.php?id=tech_disc; Statistics Norway, www.
ssb.no; Government of India, Ministry of Power, Central Electricity 
Authority, “Monthly Generation Report,” www.cea.nic.in/
monthly_gen.html (includes only generation from facilities larger 
than 25 MW).

5 Figure 10 based on the following sources: China capacity of 15.51 
GW from China Electricity Council, op. cit. note 2; Turkey from 
“Hydropower Licenses Reign in 2011,” Hurriet Daily News, 24 
October 2012, at www.hurriyetdailynews.com; year-end capacity 
in 2011 of 18.98 GW from Turkish Energy Market Regulatory 
Authority (EPDK), Turkish Electricity Ten-Year Capacity Projection 
(2012-2021) (Ankara: July 2012), Table 2, at www.epdk.org.tr; 
2012 capacity addition of 2,031 MW from HEA, Brussels, personal 
communication with REN21, May 2013; for Brazil, an estimated 
1,857 MW was added in 2012, per ANEEL, “Fiscalização dos 
serviços de geraçãoat,” op. cit. note 2; total installed large hydro 
capacity at end-2012 was 79.7 GW, and small hydro capacity was 
4.3 GW, per ANEEL, “Capacidade de geração em 2012 chega 
a 121,1 mil Megawatts,” op. cit. note 2; for Vietnam, 1,852 MW 
of new hydropower capacity was commissioned in 2012, with 
year-end capacity of 12,951 MW, per National Electricity Center 
of Vietnam, “Báo cáo tông kêt năm 2012,” www.nldc.evn.vn/
News/7/661/Bao-cao-tong-ket-nam-2012.aspx, updated 19 
February 2013; 2011 year-end capacity was merely 10,182 MW, or 
2,769 MW less than 2012 year-end capacity, per idem, “Báo cáo 
năm 2011,” www.nldc.evn.vn/News/7/371/Bao-cao-nam-2011.
aspx, updated 21 February 2012; Russia from RusHydro, op. cit. 
note 2, and from System Operator of the Unified Energy System 
of Russia, “Boguchan plant produced…,” op. cit. note 2; capacity 
of 46 GW on 1 January 2013 from System Operator of the Unified 
Energy System of Russia, “Operational Data for December 2012,” 
op. cit. note 2. 

6 China Electricity Council, op. cit. note 2. Total installed capacity 
is listed as 248.9 GW, of which 20.31 GW is pumped storage, 
yielding net hydro capacity of 228.6 GW.

7 China Electricity Council, op. cit. note 2. The increase of 864.1 
TWh was reportedly 29.3% higher than the previous year.

8 Alstom, “Alstom successfully delivers the first unit of the 
Xiangjiaba hydropower plant,” press release (Levallois-Perret 
Cedex, France: 11 June 2012).

9 “China Reports first big unit installed at 6,400-MW Xiangjiaba,” 
HydroWorld.com, 16 July 2012.

10 “China’s Three Gorges hydroelectric project sets new production 
record,” HydroWorld.com, 10 January 2013. Some 1.4 million 
people were relocated during dam construction; since the 
reservoir reached its full height in 2010, the threat of landslides 
has increased and raised the prospect that tens of thousands of 
people may need to be moved again, from “China’s Three Gorges 
Dam Reaches Operating Peak,” BBC News, 5 July 2012, and 
from Sui-Lee Wee, “Thousands Being Moved from China’s Three 
Gorges – Again,” Reuters, 23 August 2012.

11 Government of China, “IV. Vigorously Developing New and 
Renewable Energy,” in China’s Energy Policy 2012 (Beijing: 2012), 
at www.gov.cn/english/official/2012-10/24/content_2250497_5.
htm. China’s Energy Policy 2012 says: “On the condition that the 
ecological environment is protected and resettlements of local 
people affected are properly handled, China will energetically 
develop hydropower. By integrating hydropower development with 
promotion of local employment and economic development, the 
Chinese government aims to ‘develop local resources, stimulate 
local economic development, improve the local environment and 
benefit local people.’ The country strives to improve its reset-
tlement policies regarding local people affected by hydropower 
projects, and perfect the benefit-sharing mechanism. China 
will strengthen ecological-protection and environmental-im-
pact assessment, strictly implement measures to protect the 
environment of existing hydropower stations, and improve the 
comprehensive utilization level and eco-environmental benefits of 
water resources. In accordance with rational river basin planning 
for hydropower development, China will speed up the construction 
of large hydropower stations on key rivers, develop medium- and 
small-sized hydropower stations based on local conditions, and 
construct pumped-storage power stations in appropriate circum-
stances. The country’s installed hydropower generating capacity 
is expected to reach 290 million kW by 2015.” Sidebar 3 from the 
following sources: 2,000 years from U.S. Department of Energy, 
Office of Energy Efficiency & Renewable Energy, “History of 
Hydropower,” http://www1.eere.energy.gov/water/hydro_history.
html, updated 19 September 2011; specific applications from A. 
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Kumar et al., “Hydropower,” Chapter 5 in O. Edenhofer et al., eds., 
IPCC Special Report on Renewable Energy Sources and Climate 
Change Mitigation (Cambridge, U.K. and New York: Cambridge 
University Press, 2012), p. 484; supporting variable renewables 
from IHA, personal communication with REN21, 25 January 
2013, and from Andreas Lindström and Jakob Granit, Large-Scale 
Water Storage in the Water, Energy and Food Nexus: Perspectives 
on Benefits, Risks and Best Practices (Stockholm: Stockholm 
International Water Institute, August 2012), p. 4; environmental 
and social impacts from World Commission on Dams, Dams 
and Development: A New Framework for Decision Making. The 
Report of the World Commission on Dams (London: Earthscan, 
2000), from Kumar et al., op. cit. this note, p. 463, and from IHA, 
op. cit. this note; maximise positive impacts and Norway from 
Tormod Andrei Schei, Statkraft, personal communication with 
REN21, 20 February 2013; fish-friendly technologies from IEA, 
“Technology Roadmap: Hydropower” (Paris: 2012); optimising 
environmental flows from J.H. Halleraker et al., “Application of 
multi scale habitat modelling techniques and ecohydrological 
analysis for optimized management of a regulated national salmon 
watercourse in Norway,” in Proceedings from the final meeting 
in Silkeborg, Denmark. COST 626, European Aquatic Modelling 
Network, May 2005; new directions for project planning, no-go 
project areas, and protection, from IHA, op. cit. this note; Laos 
from I. Matsumoto, Expanding Failure: An Assessment of the 
Theun-Hinboun Hydropower Expansion Project’s Compliance with 
Equator Principles and Lao Law (BankTrack; FIVAS, International 
Rivers, Les Amis de la Terre; and Justice and International Mission 
Unit, Uniting Church in Australia, 2009); International Finance 
Corporation, Performance Standards on Environmental and Social 
Sustainability (Washington, DC: 2012).

12 “Turkey Turns to Hydropower,” Deutsche Welle, 25 September 
2012.

13 “Hydropower Licenses Reign in 2011,” op. cit. note 5; year-end 
capacity in 2011 of 18.98 GW from EPDK, op. cit. note 5; 2012 
capacity addition of 2,031 MW from HEA, op. cit. note 5.

14 Susanne Güsten, “Construction of Disputed Turkish Dam 
Continues,” New York Times, 27 February 2013.

15 By end-2012, total hydro capacity in Brazil was reported as 84 
GW, including 4.3 GW of small hydro capacity. An estimated 1,857 
MW was added in 2012, per ANEEL, “Capacidade de geração...,” 
op. cit. note 2.

16 ANEEL, “Fiscalização dos serviços de geração,” op. cit. note 2; 
Alcoa, “Alcoa participates in the Inauguration of Estreito Hydro 
Power Plant in Brazil,” press release (New York: 25 October 2012);  
“Brazil’s 362-MW Maua hydropower project gets permit after 
11-year delay,” HydroWorld.com, 24 October 2012; Santo Antonio 
Energia, “Installed capacity of 3,150 MW,” at www.santoantonio-
energia.com.br.

17 GDF Suez and International Power, “Expansion of Jirau Hydro 
Project in Brazil,” press release (London: 18 August 2011); “Ibama 
grants license for 3,750-MW Jirau hydropower plant,” HydroWorld.
com, 24 October 2012.

18 “Hydro Power Latin America,” RenewableEnergyWorld.com, 
21 June 2012. In August 2012, the Supreme Court reversed a 
lower court’s decision to suspend Belo Monte due to insufficient 
consultation with indigenous people, per Michael Harris, 
“Suspension of Brazil’s 11.2-GW Belo Monte Overturned,” 
RenewableEnergyWorld.com, 29 August 2012.

19 “Brazil’s Itaipu hydropower plant sets new production record in 
2012,” HydroWorld.com, 7 January 2013.

20 An estimated 1,852 MW of new hydropower capacity was 
commissioned in 2012, with year-end capacity being 12,951 
MW, per National Electricity Center of Vietnam, “Báo cáo tâng kêt 
năm 2012,” op. cit. note 5; 2011 year-end capacity was merely 
10,182 MW, or 2,769 MW less than 2012 year-end capacity, per 
idem, “Báo cáo năm 2011,” op. cit. note 5; largest from “Son La 
Hydropower Plant-project of the century,” Vietnamplus.vn, 26 
February 2013.

21 RusHydro, op. cit. note 2; System Operator of the Unified Energy 
System of Russia, “Boguchan plant produced...,” op. cit. note 2; 
2012 capacity of 46 GW on 1 January 2013 from System Operator 
of the Unified Energy System of Russia, “Operational Data for 
December 2012,” op. cit. note 2.

22 RusHydro, www.sshges.rushydro.ru/press/news-materials/
presskit/company/.

23 HEA, Brussels, personal communication with REN21, May 2013. 
Also, RusHydro reported installing 3,699 MW in 2012 (see http://

minenergo.gov.ru/press/company_news/14093.html) but, again, 
presumably some of this is repowering.

24 Federal Government of Mexico, Ministry of Energy, electricity 
statistics, at www.energia.gob.mx;  “CFE launches 750MW La 
Yesca hydro plant,” www.bnamericas.com, 7 November 2012.
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put onto operation,” press release (Moscow: 20 December 2012).

26 Canadian Broadcasting Corporation, op. cit. note 2; Hydro-
Québec, op. cit. note 2, p. 6.

27 Additions of large (>25 MW) hydropower facilities of about 591 
MW from Central Electricity Authority of India, Monthly Report of 
Power Sector Reports (Executive Summary), at www.cea.nic.in/
executive_summary.html; additions of small hydropower facilities 
of 157 MW and year-end capacity of about 3.5 GW from Ministry of 
New and Renewable Energy, Annual Report 2012-2013, at http://
mnre.gov.in/mission-and-vision-2/publications/annual-report-2/ 
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38 IHA, op. cit. note 1.
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(Levallois-Perret Cedex, France: 14 May 2012).
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ipo/Corporate Presentation/Corporate Presentation.pdf.
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oCEan EnErgy
1 Total existing (not pending) ocean energy installed capacity in 

2011 was 526,704 kW, per Ocean Energy Systems (OES), Annual 
Report 2011 (Lisbon: 2011), Table 6.2. OES, also known as the 
Implementing Agreement on Ocean Energy Systems, functions 
within a framework created by the International Energy Agency. 

2 Ocean Renewable Power Company, “America’s First Ocean 
Energy Delivered to the Grid,” press release (Portland, ME: 13 
September 2012).

3 Tidal Today, “Tidal emerges as first US grid connected ocean 
energy source,” 26 February 2013, at http://social.tidaltoday.com.

4 AW Energy, “Waveroller concept,” http://aw-energy.com/
about-waveroller/waveroller-concept, and “Project Surge,” http://
aw-energy.com/projects/project-surge/; Toby Price, “Finnish 
wave energy developer on a roll,” Renewable Energy Magazine, 22 
March 2012.

5 Capacity values from OES, “Ocean Energy in the World,” www.
ocean-energy-systems.org/ocean_energy_in_the_world/; OES, 
Annual Report 2012 (Lisbon: 2012), Table 6.1; United Kingdom 
from renewableUK, “Wave & Tidal Energy,” at www.renewableuk.
com/en/renewable-energy/wave-and-tidal/index.cfm.

6 Kwanghee Yeom, Friends of the Earth Korea, personal communi-
cation with REN21, March 2013.

7 Ocean Power Technologies (OPT), “Ocean Power Technologies 
Awarded FERC license for Oregon Wave Power Station,” press 
release (Pennington, NJ: 20 August 2012); OPT, “Ocean Power 
Technologies to Deploy Reedsport PowerBuoy in Spring 2013,” 
press release (Pennington, NJ: 27 September 2012).

8 Verdant Power, “The RITE Project,” http://verdantpower.com/
what-initiative/.

9  Leo Hickman, “Abandoned Severn Tidal Power Project to Be 
Reconsidered,” The Guardian (U.K.), 20 August 2012.

10 Tildy Bayar, “Current Builds Behind Tidal Energy Take-off,” 
RenewableEnergyWorld.com, 26 March 2013.

11 “Atlantis Completes First Narec Tidal Power Turbine Test,” 
RenewableEnergyFocus.com, 16 October, 2012.

12 Karen Dennis, U.K. Department of Energy & Climate Change, 
“United Kingdom country report,” in OES, Annual Report 2012, op. 
cit. note 5; Fiona Harvey, “Crown Estate to Invest £20m in Wave 
and Tidal Power,” The Guardian (U.K.), 16 January 2013.

13 Eoin Sweeney, Sustainable Energy Authority of Ireland, “Ireland 
country report,” in OES, Annual Report 2012, op. cit. note 5.

14 European Marine Energy Centre, “EMEC to Support Development 
of South Korean Marine Energy Centre,” press release (Orkney, 
Scotland: 17 August 2012).

15 Clean Current, “Clean Current and Alstom Terminate Licensing 
Agreements,” 18 November 2012, at www.cleancurrent.com/
news.

16 Alstom, “Alstom broadens its involvement in marine energy by 
acquiring a 40% equity stake in AWS Ocean Energy,” press release 
(Levallois-Perret Cedex, France: 22 June 2011).

17 Andritz Hydro Hammerfest, “Hammerfest Strøm Becomes 
ANDRITZ HYDRO Hammerfest,” press release (Hammerfest, 
Norway: 19 April 2012).

18 Andritz Hydro Hammerfest, “Tidal Turbine Powers Up in Orkney – 
Harnessing Scotland’s Tidal Energy a Step Closer,” press release 
(Hammerfest, Norway: 17 May 2012); ”Andritz obtains majority 

stake in ocean power manufacturer,” HydroWorld.com, 9 March 
2012.

19 Marine Current Turbines (MCT) Web site, www.marineturbines.
com; MCT, “Siemens Strengthens Its Position in Ocean Power,” 
press release (Camberley, Surrey, U.K.: 16 February 2012).

20 MCT, “SeaGen celebrates its 5th Birthday in Strangford Lough,” 
press release (Camberley, Surrey, U.K.: 2 April 2013).

21 Pelamis Wave Power, “Viking Wind Farm Approved,” press release 
(Edinburgh: 4 April 2012).

22 ”Vattenfall, Pelamis Secure Last Site at European Marine Energy 
Centre,” HydroWorld.com, 19 March 2012.

23 Elaine Maslen, “Meygen Lodges Plans for Tidal Array,” 27 July 
2012, at www.atlantisresourcescorporation.com.

24 Atlantis Resources Corporation, “Atlantis Completes Narec 
Testing Programme,” press release (Blyth, Northumberland, U.K.: 
16 October 2012); Atlantis Resources Corporation, “Statement 
of Clarification on Recent MEAD Announcement,” press release 
(Blyth, Northumberland, U.K.: 4 March 2013).

25 Atlantis Resources Corporation, “Canadian Government Supports 
Atlantis Resources Corporation Tidal Energy Project,” press 
release (Blyth, Northumberland, U.K.: 15 February 2013); tidal 
range from Government of Canada, Natural Resources Canada, 
“Discovering the Bay of Fundy’s Seafloor,” www.nrcan.gc.ca/
earth-sciences/about/organization/organization-structure/geolog-
ical-survey-of-canada/7700, updated 1 March 2011.

soLar PHotovoLtaiCs (Pv) 
1 Based on data from Gaëtan Masson, European Photovoltaic 

Industry Association (EPIA) and International Energy Agency (IEA) 
Photovoltaic Power Systems Programme (IEA-PVPS), personal 
communications with REN21, February–May 2013; from IEA-
PVPS, PVPS Report: A Snapshot of Global PV 1992-2012 (Paris: 
April 2013); from EPIA, Global Market Outlook for Photovoltaics 
2013-2017 (Brussels: May 2013), p. 13; and from national data 
sources cited throughout this section. Global capacity was a mini-
mum of 96.5 GW, with some missing countries, from IEA-PVPS, 
op. cit. this note, and 102,156 MW from EPIA, op. cit. this note. 
EPIA data were used as the basis for calculating the total capacity 
number, adjusted according to national-level data used where 
taken from other sources. Note that data reported by both EPIA 
and IEA-PVPS are provided in direct current (DC) capacity. EPIA 
data include only systems connected to the grid and in operation 
(plus off-grid remote capacity).

2 More than 29.4 GW added based on the following sources: 
Masson, op. cit. note 1; IEA-PVPS, op. cit., note 1; EPIA, op. cit. 
note 1; and national data sources cited throughout this section. 
Less capacity and higher shipments from Masson, op. cit. note 
1. Estimates of capacity added are wide ranging, including 31.1 
GW from EPIA, op. cit. note 1,  p. 5; “Solarbuzz: PV demand 
reaches 29 GW in 2012,” SolarServer.com, 21 February 2013; 
more than 31 GW installed and over 27 GW connected to grids 
in 2012 from “IHS Report Forecasts Global PV to Exceed 35 GW 
in 2013,” SolarNovus.com, 8 April 2013; 30.9 GW added, up 
from 29.6 GW in 2011, from Ron Pernick, Clint Wilder, and Trevor 
Winnie, Clean Energy Trends 2013, Clean Edge, March 2013; and 
28.8 GW from Shyam Mehta, “29th Annual Cell and Module Data 
Collection Results,” PV News, May 2013, p. 1. Figure 11 based on 
the following: data through 1999 from Paul Maycock, PV News, 
various editions; 2000–2010 data from EPIA, op. cit. note 1, p. 13; 
2011–2012 data from sources in Endnote 1.

3 Estimate of 15% in 2011 from GTM Research, PV News, May 
2012; 13% in 2012 from Masson, op. cit. note 1. The thin-film 
share dropped from 11.9% in 2010 to 11.3% in 2011, per Photon 
International, cited in EurObserv’ER, Photovoltaic Barometer 
(Paris: April 2012), p. 127. Thin film’s share of the market peaked 
in 2009 (at least for the 2001–11 period), according to data from 
Paula Mints, “12 Solar Power Myths and the Saving Grace of a 
Worthwhile Cause,” RenewableEnergyWorld.com, 10 December 
2012.

4 The eight countries in 2012 include Australia (although final 
numbers may later fall just under 1 GW), Germany, China, Italy, 
the United States, Japan, France, and the United Kingdom, per 
Masson, op. cit. note 1. This was up from six in 2011, per EPIA, 
Market Report 2011 (Brussels: January 2012).
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5 Top markets from IEA-PVPS, op. cit. note 1, p. 11, from EPIA, op. 
cit. note 1, p. 5, and from national data sources cited throughout 
this section; leaders for total capacity from Masson, op. cit. note 
1, and from IEA-PVPS, op. cit. note 1. Note that China ranks third, 
ahead of the United States, per EPIA, op. cit. note 1, p. 13. Spain 
fell from fourth to sixth according to all sources in this note.

6 This was up from eight in 2011; European countries were 
Germany, Italy, Spain, France, Belgium, the Czech Republic, the 
U.K., and Greece; Asian countries were China, India, and Japan, 
from EPIA, op. cit. note 1, and from IEA-PVPS, op. cit. note 1. 

7 Germany had 398 Watts per inhabitant, Italy 273 W, Belgium 241 
W, the Czech Republic 196 W, Greece 144 W, and Australia 105 
W, per EPIA, op. cit. note 1, pp. 15, 18. Some U.S. states also have 
relatively high capacity per inhabitant, including Arizona (167 W), 
Nevada (146 W), Hawaii (137 W), and New Jersey (110), per Solar 
Energy Industries Association (SEIA), “Solar Energy Facts: 2012 
Year-In-Review,” 14 March 2013, at www.seia.org.

8 Capacity added from IEA-PVPS, op. cit. note 1, from Masson, op. 
cit. note 1, and from EPIA, “World’s Solar Photovoltaic Capacity 
Passes 100-Gigawatt Landmark After Strong Year,” press release 
(Brussels: 11 February 2013); year-end total from Masson, op. cit. 
note 1. EU-27 capacity at year’s end was 69.1 GW, per idem.

9 Capacity additions for 2011 from IEA-PVPS, op. cit. note 1, and 
from EPIA, op. cit. note 1; 2011 share of market from Reinhold 
Buttgereit, “Editorial: Market Evolution,” February 2013, at www.
epia.org, and from EPIA, op. cit. note 1, p. 14; first decline since 
2000 from EPIA, op. cit. note 1; causes of decline from Masson, 
op. cit. note 1. The EU accounted for 60% of global demand 
in 2012, down from 68% in 2011, per “Solarbuzz: PV demand 
reaches 29 GW in 2012,” op. cit. note 2.

10 European Wind Energy Association (EWEA), Wind in Power: 2012 
European Statistics (Brussels: February 2013). This is down from 
47% in 2011, from EWEA, Wind in Power: 2011 European Statistics 
(Brussels: February 2012), and from EPIA, personal communica-
tion with REN21, 3 April 2012.

11 Structure and management from EPIA, op. cit. note 1, p. 6; 
barriers from Masson, op. cit. note 1, and from Tim Murphy, 
“Addressing PV Grid-Access Barriers Across Europe,” NPD 
Solarbuzz, 7 February 2013, at www.renewableenergyworld.com.

12 Almost a quarter based on the following sources: estimated solar 
PV capacity in operation at year’s end in Germany and Italy and 
on an estimated wind capacity of 8,144 MW in Italy, from Global 
Wind Energy Council, Global Wind Report, Annual Market Update 
2012 (Brussels: April 2013); 31,315 MW in Germany from Federal 
Ministry for the Environment, Nature Conservation and Nuclear 
Safety (BMU), “Renewable Energy Sources 2012,” with data from 
Working Group on Renewable Energy-Statistics (AGEE-Stat), pro-
visional data, 28 February 2013, at www.erneuerbare-energien.
de; and 100 GW of global solar PV capacity. Figure 12 based on 
the following sources: global total from sources in Endnote 1; 
national data from elsewhere in this section, except for Spain and 
the Czech Republic: Spain added 223 MW for a total of 5,100 
MW, per IEA-PVPS, op. cit. note 1, added 276 MW for a total of 
5,166 MW, per EPIA, op. cit. note 1, and added 237 MW for a total 
of 4,298 MW, per Red Eléctrica de España, “Potencia Instalada 
Peninsular (MW),” updated 29 April 2013; Czech Republic added 
113 MW in 2012 for a total of 2,085 MW, per IEA-PVPS, op. cit. 
note 1, and added 113 MW in 2012 for a total of 2,072 MW, per 
EPIA, op. cit. note 1.

13 Based on the following: Germany added 7,604 MW for 32,411 MW 
at year’s end, from EPIA, op. cit. note 1, p. 20, and from IEA-PVPS, 
op. cit. note 1; Germany added 7,604 MW for a total of 32,643 
MW from BMU, op. cit. note 12; and year-end 2012 capacity of 
PV systems installed under the EEG was 32,388.6 MW (based on 
end-March data and monthly installations in 2013), per German 
Federal Network Agency (Bundesnetzagentur), “Monatliche 
Veröffentlichung der PV-Meldezahlen,” at “Photovoltaikanlagen: 
Datenmeldungen sowie EEG-Vergütungssätze,” at www.bundes-
netzagentur.de, viewed 18 May 2013.  

14 BMU, op. cit. note 12. 

15 Based on 12,773.4 MW in operation at the end of 2011 and 
16,419.8 MW at the end of 2012, from Gestore Servizi Energetici 
(GSE), Rapporto Statistico 2012 - Solare Fotovoltaico, 8 May 2013, 
p. 8, at www.gse.it. Note that 3,337 MW was added for a total 
of 16,250 MW per IEA-PVPS, op. cit. note 1; 3,577 MW added 
for a total of 16,350 MW from Gestore Servizi Energetici (GSE), 
“Impianti a Fonti Rinnovabili in Italia: Prima stima 2012,” edizione 
28/02/2013, at www.gse.it/it/Statistiche/Pages/default.aspx; and 

3,438 MW added for a total of 16,361 MW per EPIA, op. cit. note 
1, p. 28. Annual additions in 2011 were 9.3 GW, but 3.7 GW of this 
amount was installed in a rush in late 2010 and connected to the 
grid in 2011. GSE, “Impianti a fonti rinnovabili in Italia: Prima stima 
2011,” 6 March 2012, at www.gse.it.

16 France installed an estimated 1,079 MW in 2012 (down from 
2,923 MW in 2011) for a year-end total of 4,003 MW, from 
Commissariat Général au Développement Durable, Ministère de 
l’Écologie, du Développement durable et de l’Énergie, “Chiffres 
et statistiques,” No. 396, February 2013; and from IEA-PVPS, 
op. cit. note 1; United Kingdom added 1,000 MW for a total of 
1,830 MW per IEA-PVPS, op. cit. note 1, and added 925 MW for a 
total of 1,829 MW, per EPIA, op. cit. note 1, p. 20; Greece (added 
912 MW; total of 1,536 MW), Bulgaria (added 767 MW; total of 
908 MW), and Belgium (added 599 MW; total of 2,650 MW), 
per IEA-PVPS, op. cit. note 1, and all data were the same except 
Belgium’s year-end total of 2,567 MW from EPIA, op. cit. note 
1, p. 28; Greece also from Hellenic Association of Photovoltaic 
Companies, “Greek PV Market Statistics 2012,” January 2013, 
at www.helapco.gr. Another source shows Greece adding 1,126 
MW grid-connected in 2012, from Hellenic Transmission (grid 
operator), cited in Mercom Capital Group, “Greece Reaches Over 
1 GW of Installed Capacity in December 2012,” Market Intelligence 
Report – Solar, 4 February 2013.

17 Based on data from EPIA, op. cit. note 1, and from IEA-PVPS, op. 
cit. note 1.

18 Figure of 12.5 GW added based on global additions of 29.4 GW 
less the 16.9 GW added in Europe, on data from sources provided 
in Endnote 1, and on sources for national data throughout this 
section.

19 China added 3,510 MW per IEA-PVPS, op. cit. note 1; 5 GW per 
EPIA, op. cit. note 1, p. 5; and 1.19 GW per China State Electricity 
Regulatory Commission, cited in Peng Peng, “China Market 
Focus: Solar PV and Wind Market Trends in 2012,” in U.S.-China 
Market Review, 2012 Year End Edition (American Council on 
Renewable Energy (ACORE) and Chinese Renewable Energy 
Industries Association (CREIA): 2013), p. 24. Total PV capacity 
installed in China in 2012, including systems not connected to the 
grid, was 4–4.5 GW, per CREIA cited in Peng, op. cit. this note. 
The United States added 3,313 MW, per GTM Research and SEIA, 
U.S. Solar Market Insight Report, 2012 Year in Review (Washington, 
DC: 2013), p. 6. Japan added 1,718 MW per IEA-PVPS, provided 
by Masson, op. cit. note 1; 2 GW from EPIA, op. cit. note 1, p. 31. 
Australia added 1 GW, from IEA-PVPS, op. cit. note 1, and from 
EPIA, op. cit. note 1, p. 31. India added 980 MW, from IEA-PVPS, 
op. cit. note 1; and 1,090 MW per Bridge to India, India Solar 
Compass, January 2013 Edition. 

20 Asia additions based on capacity added in China (3,510 MW), 
Japan (1,718 MW), South Korea (252 MW), Malaysia (22 MW), 
India (980 MW), and Thailand (210 MW), from IEA-PVPS, op. cit. 
note 1, and from Masson, op. cit. note 1; in Taiwan (104 MW) and 
other Asia-Pacific (201 MW), from EPIA, op. cit. note 1; and from 
EPIA database, May 2013; North America and Asia rising from 
Masson, op. cit. note 1.

21 Total U.S. capacity came to 7,219 MW at the end of 2012, from 
GTM Research and SEIA, op. cit. note 19, p. 21; capacity was 
7,221 MW, per IEA-PVPS, op. cit. note 1; and 7,777 MW, per EPIA, 
op. cit. note 1, p. 13.

22 California from GTM Research and SEIA, op. cit. note 19, p. 21.

23 Spreading from Larry Sherwood, “Five Key Takeaways from the 
U.S. Solar Market Trends Report,” RenewableEnergyWorld.com, 
17 August 2012; drivers from SEIA and GTM Research, “Solar 
Market Insight 2012: Q3 Executive Summary,” December 2012, 
and from Jeremy Bowden, “PV Policy and Markets – Impact of US 
Tariffs on LCOE,” Renewable Energy World, November–December 
2012, p. 7.

24 Diane Cardwell, “Solar Panel Payments Set Off a Fairness 
Debate,” New York Times, 4 June 2012; Felicity Carus, “Net 
Energy Metering Battle Fires Up Solar Industry,” PV-tech.com, 5 
February 2013; Travis Bradford, Prometheus Institute, New York, 
personal communication with REN21, 27 March 2013.

25 Utilities accounted for 54% of capacity additions from GTM 
Research and SEIA, op. cit. note 19, p. 10. Utility installations 
surpassed the commercial sector (31.5% of the total market) for 
the first time, and the residential share (15%) held steady relative 
to 2011, per idem; utility projects totaled 2,710 MW by year’s end, 
based on “Utility-Scale Project Pipeline (As of January 15, 2013),” 
PV News, February 2013, p. 14, capacity under construction from 
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GTM Research and SEIA, op. cit. note 19, p. 18.

26 GTM Research and SEIA, op. cit. note 19, p. 19.

27 Figure of 7 GW and below expectations from Masson, op. cit. note 
1; 7 GW also from IEA-PVPS, op. cit. note 1; 8,300 MW from EPIA, 
op. cit. note 1, p. 13. Below expectations also from Peng, op. cit. 
note 19. Note that China added 1.06 GW of on-grid PV capacity 
in 2012 for a total of 3.28 GW, per Wang Wei, China National 
Renewable Energy Center (CNREC), “China renewables and 
non-fossil energy utilization,” www.cnrec.org/cn/english/publica-
tion/2013-03-02-371.html, viewed April 2013.

28 One-third of panel shipments from Michael Barker, “China 
Consumes 33% of Global Photovoltaic Panel Shipments in Q4’12, 
According to NPD Solarbuzz,” RenewableEnergyWorld.com, 22 
January 2013; exceeded Germany from “Solarbuzz: PV demand 
reaches 29 GW in 2012,” op. cit. note 2; government efforts from 
Ucilia Wang, “First Solar, SunPower Ink Major Deals in China,” 
Forbes, 3 December 2012.

29 About 25% of capacity in operation by mid-2012 was considered 
distributed, according to the State Grid Corporation, cited in 
Frank Haugwitz, “January 2013-Briefing Paper-China Solar 
Development,” Asia Europe Clean Energy (Solar) Advisory Co., Ltd, 
contribution to REN21, 21 February 2013.

30 To help achieve China’s Energy Policy 2012, the National Energy 
Administration issued the “12th Five-Year Plan for Solar Power 
Development,” which includes a focus on the construction of 
distributed solar systems linked to buildings or facilities in eastern 
and central China, per Gary Wigmore, James Murray, and Shepard 
Liu, “China Policy: Strategic Developments in Solar and Wind 
Power Policies,” in U.S.-China Market Review..., op. cit. note 19, 
p. 15. At year’s end, a pipeline of projects under the Golden Sun 
and Solar Rooftop programmes was expected to bring more than 
2.5 GW of capacity into operation during 2013, per Steven Han, 
“Distributed PV Power Generation to Accelerate China Market 
Growth,” NPD SolarBuzz, 6 December 2012, at www.renewa-
bleenergyworld.com.

31 An estimated 1,718 MW was added for a total of 6,632 MW, per 
IEA-PVPS, provided by Masson, op. cit. note 1. This number was 
used as it was the latest data available. Note that estimates for 
Japan were wide ranging, including 2,000 MW added for a total 
of 7,000 MW at the end of 2012, per IEA-PVPS, op. cit. note 1; 
6,914 MW per EPIA, op. cit. note 1, p. 32; and as high as 7.3 GW, 
per Japan Photovoltaic Energy Association (JPEA), provided by 
Matsubara Hironao, Institute for Sustainable Energy Policies 
(ISEP), Tokyo, personal communication with REN21, 21 April 
2013; 90% in the FIT system (with 40% for projects >1 MW) from 
www.enecho.meti.go.jp/saiene/kaitori/index.html (in Japanese), 
provided by Hironao, op. cit. this note.

32 Yuriy Humber and Tsuyoshi Inajima, “Japan’s Aggressive 
FIT Already Unlocking Gigawatts of Wind and Solar Power,” 
Bloomberg, 1 October 2012, at www.renewableenergyworld.com.

33 Australia added an estimated 1,000 MW for a total of 2,400 MW, 
per IEA-PVPS, op. cit. note 1; and added 1,000 MW for a total of 
2,412 MW, per EPIA, op. cit. note 1, p. 32. Note, however, that final 
numbers could come in lower, per Masson, op. cit. note 1.

34 “Rooftop PV in South Australia Lowers Energy Demand,” PV 
News, September 2012, p. 8. Grid electricity demand fell about 
5% in 2011–12, due greatly to these systems, according to South 
Australian Electricity Report, August 2012, cited in idem. 

35 India’s capacity increased from 225 MW at year-end 2011 to 
1,205 MW at year-end 2012, from PVPS, op. cit. note 1, and from 
EPIA, op. cit. note 1, p. 32.

36 Namibia (237 kW; largest in country, on roof of supermarket), 
South Africa 630 kW (largest roof-installed solar PV system 
in Africa); also, in Botswana (1 MW partially installed by early 
2013, from “SolarWorld Expands its International Business,” 
SonnenSeite.com, 8 February 2013. Also, there are two larger 
PV installations in South Africa (1 MW Dilokong Chrome and 850 
kW Cape Town Solar), per PLATTS UDI World Electric Power 
Plants Database, provided by Caspar Priesemann, Deutsche 
Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH, 
personal communication with REN21, 19 April 2013. Note that 
South Africa has approved solar PV projects under the Renewable 
Energy IPP Programme (REIPPP), has signed agreements with 
“window 1” bidders, and is about to reach project closure under 
“window 2”; none of the plants have been commissioned as 
yet, per W. Jonker Klunne, Council for Scientific and Industrial 
Research, Pretoria, personal communication with REN21, 21 
April 2013. Chinese companies from Bloomberg New Energy 

Finance (BNEF), “Germany and US Report Strong Growth in Solar 
Installations,” Energy: Week in Review, 12–18 June 2012. Most 
projects are for powering street lamps, from idem.

37 EPIA, op. cit. note 1, p. 31.

38 Scott Burger, “Turkey Solar Market Outlook, 2013-2017,” PV 
News, February 2013, p. 1; Matt Carr, “Photovoltaic Opportunities 
in Saudi Arabia Growing,” RenewableEnergyWorld.com, 5 
February 2013; Wael Mahdi, “Saudi Arabia Plans $109 Billion 
Boost for Solar Power,” Bloomberg.com, 22 November 2012; 
“Saudi Arabia’s Largest PV System Installed,” PV News, March 
2013, p. 13; Isofoton signed a joint venture agreement for 300 MW 
in August, per “Isofoton to Develop PV Plants in MENA, India with 
INDSYS,” PV News, November 2012, p. 12.

39 IMS Research, “Thailand and Indonesia to Drive South East Asia 
PV Market,” press release (Shanghai: 1 November 2012); Malaysia 
had an estimated 22 GW by the end of 2012, per EPIA, op. cit. 
note 1, p. 31. Thailand ranks fifth in the Asia-Pacific region, after 
China, Japan, India, and Australia, from idem.

40 Masson, op. cit. note 1; NPD Solarbuzz, Emerging PV Markets 
Report: Latin America & Caribbean, cited in Chris Sunsong, “Latin 
America and Caribbean PV Demand Growing 45% Annually Out 
to 2017,” NPD Solarbuzz, 2 January 2013, at www.renewableen-
ergyworld.com; commercial (e.g., IKEA) and industrial (e.g., 
Grupo Mesa) sectors from Bea Gonzalez, “Off-grid CPV in Latin 
America,” 13 February 2013, at http://news.pv-insider.com; and 
“Solar in Latin America & The Caribbean 2013: Markets, Outlook 
and Competitive Positioning,” PV News, February 2013, p. 13. 
Chile went from zero grid-connected capacity in early 2012 to 3.6 
MW in operation in January 2013, with 1.3 MW under con-
struction, per Rodrigo Escobar Moragas, Pontificia Universidad 
Católica de Chile, personal communication with REN21, 18 April 
2013. 

41 See, for example, International Renewable Energy Agency 
(IRENA), International Off-grid Renewable Energy Conference: Key 
Findings and Recommendations (Abu Dhabi: forthcoming 2013).

42 Becky Beetz, “Tokelau Officially Becomes World’s First 100% PV 
Powered Territory,” PV Magazine, 15 November 2012, at www.
pv-magazine.com.

43 Australia, Israel, Norway, and Sweden from Solar Server, 
“Electricity for the rest of the world – opportunities in off-grid 
solar power,” www.solarserver.com/solar-magazine/solar-report/
solar-report/electricity-for-the-rest-of-the-world-opportunities-in-
off-grid-solar-power.html. Australia had an estimated 16.1 MW of 
rural off-grid capacity by the end of 2012, up from 13.7 MW at the 
end of 2011, per Green Energy Markets, “Small-Scale technology 
certificates data modeling for 2013 to 2015,” February 2013. 
Off-grid systems accounted for 10% of the U.S. market in 2009 
but have declined since then; Australia and South Korea also 
installs dozens of MW of off-grid capacity each year, per EPIA, op. 
cit. note 1, p. 10.

44 Paula Mints, “12 Solar Power Myths and the Saving Grace of a 
Worthwhile Cause,” RenewableEnergyWorld.com, 10 December 
2012.

45 Figures of 1% and 100 MW from Masson, op. cit. note 1. The 
market is about 1% from GTM Research, cited in Dave Levitan, 
“Will Solar Windows Transform Buildings to Energy Producers?” 
Yale Environment 360, 3 May 2012, at http://e360.yale.edu. The 
market was an estimated 400 MW at a value of just over USD 600 
million from Pike Research, cited in “BIPV, BAPV Markets to Grow 
Five-Fold by 2017,” PV Intelligence Brief, 20 December 2012–8 
January 2013, at http://news.pv-insider.com.

46 BCC Research, “Building-integrated Photovoltaics (BIPV): 
Technologies and global markets,” cited in “BIPV technology 
and markets: Explosive growth now predicted for BIPV players,” 
Renewable Energy World, November-December 2011, p. 10.

47 Robin Whitlock, “Report: BIPV to Be One of the Fastest Growing 
PV Segments,” RenewableEnergyFocus.com, 21 August 2012.

48 Elisa Wood, “Gardens that Grow Gigawatts: Community Solar 
Poised to Hit Big Time,” Large Scale Solar Supplement, Renewable 
Energy World, September–October 2012, pp. 18–20. Most 
projects are in the 1 MW range, from idem.

49 By the end of 2012 or early 2013, the first phase (37 kW) of the 
project had been installed, per “Australian Community Solar 
Project Begins Operation,” PV News, January 2013, p. 11.

50 Figure of 30 MW and up from Denis Lenardic, pvresources.com, 
personal communication with REN21, 31 March 2013; 10 MW and 
up from Philip Wolfe, “The Rise and Rise of Utility-scale Solar,” 
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Large Scale Solar Supplement, Renewable Energy World, March–
April 2013, pp. 4–6.

51 More than 4 GW and at least 12 from Denis Lenardic, pvresources.
com, personal communications with REN21, 24 February and 31 
March 2013, and from “Large-scale Photovoltaic Power Plants 
Ranking 1-50,” www.pvresources.com/PVPowerPlants/Top50.
aspx, updated 21 January 2013. The countries are Canada, China, 
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PVPS, op. cit. note 1; in May 2012, distributed solar PV systems 
in Germany produced 10% of the country’s total electricity con-
sumption, up 40% over May of 2011, per Stephen Lacey, “Solar 
Provides 10 Percent of Germany’s Electricity in May,” Climate 
Progress, 12 June 2012, at www.renewableenergyworld.com; 
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EPIA, op. cit. note 1, p. 54; 75.8 GW of modules and 61.2 GW of 
cells in 2012, up from 65.9 GW of modules and 56.2 GW of cells 
in 2011, from GTM Research Competitive Intelligence Tracker, 
April 2013; 70 GW of modules according to SEIA and GTM 
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counting, per EPIA, op. cit. note 1, p. 52.

67 Based on China representing 64% of global production in 2012, 
per GTM Research Competitive Intelligence Tracker, April 2013; 
and on estimate that mainland China alone has capacity for more 
than 59 GW of annual production, and Taiwan has about 8 GW, 
per Tim Ferry, “Capacity Control: How Will China and Taiwan Solar 
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February 2013; U.S. thin-film manufacturer Konarka Technologies 
from Jennifer Runyon, “Thin Film Organic Solar PV Maker Konarka 
Technologies Files for Chapter 7,” RenewableEnergyWorld.com, 
4 June 2012; Abound Solar (USA) from GTM Research, cited 
in Ucilia Wang, “Q2 Report Shows US Solar Market Booming, 
Utility-Scale Projects Leading,” RenewableEnergyWorld.com, 10 
September 2012; amorphous silicon thin-film startup Signet Solar 
(USA) from Ucilia Wang, “No End In Sight? The Struggle of Solar 
Equipment Makers,” RenewableEnergyWorld.com, 30 November 
2012, and from BNEF, op. cit. this note; a-Si manufacturing pio-
neer UniSolar (USA) from Paula Mints, “PV Still Facing a Bumpy 
Ride: Working in a Low-incentive World,” Navigant Consulting, 
10 September 2012, at www.renewableenergyworld.com. In 
addition, Schüco International KG (Germany) reported plans to 
stop production and R&D of thin-film products, per “Schüco shuts 
doors on thin film,” PV Intelligence Brief, 1–14 August 2012, at 
http://news.pv-insider.com; Schott Solar (Germany) withdrew 
from crystalline silicon sector but remained in thin-film, BIPV, and 
CSP market, per Sile McMahon, “Solar shakeout: Schott Solar 
announces surprise exit from c-Si manufacturing,” PV-tech.org, 
29 June 2012.

78 U.S. estimate from Coalition for American Solar Manufacturing, 
cited in Jennifer Runyon, “Can We Really Blame China for 
Solar Manufacturer Bankruptcies?” RenewableEnergyWorld.
com, 6 November 2012; European and Chinese companies 
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July/August 2012. For example, SunPower agreed to form a joint 
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l’Électricité Web site, www.one.org.ma, viewed 7 March 2012; 
10 MW in Chile from Abengoa Solar, “Minera El Tesoro Brings 
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SolarPaces, www.nrel.gov/csp/solarpaces/project_detail.cfm/
projectID=207, updated 5 September 2012. Note that year-end 
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year-end capacity from sources provided in note 1.

4 “Cost Drivers Fuel Technology Switch for Concentrated Solar,” 
Renewable Energy Focus, July/August 2012, p. 42.

5 “Ibid., p. 42; under development from Elena Dufour, ESTELA, 
personal communication with REN21, 24 January 2013.

6 Year-end total for 2012 from REE, op. cit. note 1; additions (951 
MW) derived from idem, and from CNE, op. cit. note 1, and from 
REE, op. cit. note 2.

EnDnotEs 02 markEt anD inDUstry trEnDs By tECHnoLogy – CsP



R e n e w a b l e s  2 0 1 3  G l o b a l  s t a t u s  R e p o R t 73

02

DRAFT

7 Technology dominates from Protermosolar (the Spanish Solar 
Thermal Electricity Industry Association), “Localización de 
centrales solares termoélectricas en España,” April 2012, at www.
protermosolar.com/boletines/23/Mapa.pdf; the Puerto Errado II 
(30 MW) Linear Fresnel Plant came into operation in late 2012, 
per Beatriz Gonzalez, “Makkah Announces $640m Solar Energy 
Project,” in CSP Today, Weekly Intelligence Brief, 1–8 October 
2012; world’s first from “TÜV Rheinland examines Puerto Errado 2 
plant,” in CSP Today, Weekly Intelligence Brief, 19–26 November.

8 A 22.5 MW parabolic trough capacity combined with biomass 
boilers, per “World’s first hybrid CSP-Biomass plant comes 
on-line,” CSP-World.com, 13 December 2012. In addition, a 
commercial-scale pilot hybrid solar power tower-natural gas plant 
began operating in 2012, per “SOLUGAS, a new hybrid solar-gas 
demonstration facility comes on-line,” CSP-World.com, 27 June 
2012.

9 Protermosolar estimates that policy changes will reduce expected 
revenues by 33%, per “International Investment Funds to Take 
Spain to International Courts,” CSP-World.com, 18 February 2013.

10 SEIA, op. cit. note 1; Morse, op. cit. note 1.

11 No new capacity added and more than 1,300 MW (1,317 MW) 
from SEIA, op. cit. note 1; all due on line from Morse, op. cit. 
note 1, and from SEIA and GTM Research, Solar Market Insight 
Report Q3 (Washington, DC: 2012). Plants with about 1,200 MW 
of capacity were under construction at the end of 2012, per CSP 
World, “CSP 2012, A Review,” January 2013, at www.csp-world.
com.

12 Estimate of 75% complete from Ivanpah Solar, “Ivanpah Team 
Installs 100,000th Heliostat,” 28 December 2012, at http://
ivanpahsolar.com; 140,000 homes from BrightSource Energy, 
“Ivanpah Project Overview,” www.brightsourceenergy.com/
ivanpah-solar-project, viewed 7 March 2013.

13 SEIA and GTM Research, op. cit. note 11; “Abengoa’s 280 MW 
Solana Project 80% Complete,” in CSP Today, Weekly Intelligence 
Brief, 26 November–2 December 2012. This plant will have six 
hours of molten salt thermal energy storage, per Abengoa Solar, 
“Solana, The Largest Solar Power Plant in the World,” www.
abengoasolar.com/web/en/nuestras_plantas/plantas_en_con-
struccion/estados_unidos#seccion_1, viewed 13 March 2013.

14 The Liddell plant, in New South Wales, first became operational 
in 2004 with 1 MW electric capacity and was expanded to 9 MWth 
by 2008 by Areva Solar; Novatec Solar expanded the plant with 
another 9.3 MWth, which was completed in 2012, from “Liddell 
Solar Thermal Station,” op. cit. note 1, and from Novatec Solar, 
op. cit. note 1. There is conflicting information about how much 
of this capacity is electric versus thermal, with one source saying 
that there are 6 MW of power capacity and 18 MWth, per Keith 
Lovegrove et al., “Realising the Potential of Concentrating Solar 
Power in Australia – Summary for Stakeholders,” prepared by IT 
Power (Australia) PTY LTD for the Australian Solar Institute, May 
2012. It is expected that the Chilean plant will substitute more 
than 55% of the diesel fuel that was previously used for the copper 
electro-extraction process at the mine, per Abengoa Solar, op. cit. 
note 1. The plant was inaugurated in November 2012, per Chilean 
Ministry of Energy, op. cit. note 1.

15 Abengoa Solar, op. cit. note 1; New Energy Algeria, op. cit. note 
1; Egypt’s 20 MW CSP El Kuraymat hybrid plant began operat-
ing in December 2010, from Fuchs, op. cit. note 1, and from “A 
newly commissioned...,” op. cit. note 1; Ain Beni Mathar began 
generating electricity for the Moroccan grid in late 2010, from 
World Bank, op. cit. note 1, and from Moroccan Office Nationale 
de l’Électricité, op. cit. note 1; TSE 1 began operation in Thailand 
in late 2011, per “Concentrating Solar Power: Thai Solar Energy 
Completes Nation’s First CSP Plant,” SolarServer.com, 7 
December 2011.

16 Plants include China (about 2.5 MW), France (at least 0.75 MW), 
Germany (1.5 MW), India (as much as 5.5 MW), Israel (6 MW), 
Italy (5 MW), and South Korea (0.2 MW). China’s Beijing Badaling 
Solar Tower plant, with 1–1.5 MW capacity (depending on the 
source), began operating in 2012, per “China’s first megawatt-size 
power tower is complete and operational,” CSP-World.com, 30 
August 2012; China information also from the following sources: 
CSP World, “Yanqing Solar Thermal Power (Dahan Tower Plant),” 
www.csp-world.com/cspworldmap/yanqing-solar-thermal-power-
dahan-tower-plant; “Hainan, China builds second concentrating 
solar project,” GreenProspectsAsia.com, 2 November 2012 (has 
1.5 MW); NREL, “Beijing Badaling Solar Tower,” SolarPaces, 
www.nrel.gov/csp/solarpaces/project_detail.cfm/projectID=253, 
updated 12 February 2013; Dong Chunlei, “Mirror: By Sunlight 

Producing Green Electricity,” Xinmin Evening News, 29 July 2010, 
at www.e-cubetech.com/News_show.asp?Sortid=30&ID=204 
(using Google Translate); France’s capacity includes two small 
Fresnel pilot plants (totaling <1 MW), from EurObserv’ER, The 
State of Renewable Energies in Europe, 12th EurObserv’ER Report 
(Paris: 2012), p. 88, and from “Fresnel Pilot Plant Commissioned 
at CEA Cadarache, France,” CSP-World.com, 30 October 2012; 
Germany from NREL, “Jülich Solar Tower,” SolarPaces, www.nrel.
gov/csp/solarpaces/project_detail.cfm/projectID=246, updated 
12 February 2013, and from Deutschen Zentrum für Luft- und 
Raumfahrt (DLR), Institute für Solarforschung, “Solarthermisches 
Versuchskraftwerk Jülich,” www.dlr.de/sf/desktopdefault.aspx/
tabid-7160/11955_read-33199, viewed 5 May 2013; India from 
Bridge to India, India Solar Compass, October 2012 Edition, p. 3; a 
2.5 MW power tower became operational in April 2011, per NREL, 
“ACME Solar Tower,” SolarPaces, www.nrel.gov/csp/solarpaces/
project_detail.cfm/projectID=262, updated 12 February 2013; 
Israel from CSP World, “BrightSource SECD,” www.csp-world.
com/cspworldmap/brightsource-sedc, viewed 5 May 2013; Italy 
has a 5 MW prototype, from Archimedes Solar Energy Web site, 
at www.archimedesolarenergy.it, viewed 6 March 2012, and 
from EurObserv’ER, op. cit. this note, p. 88; South Korea from 
CSP World, “Daegu Solar Power Tower,” www.csp-world.com/
cspworldmap/daegu-solar-power-tower, viewed 5 May 2013.

17 Daniel Fineren, “UAE Opens First Big Solar Energy Plant,” Reuters, 
18 March 2013; first full-size pure CSP from “Concentrating 
Solar Power: Masdar to Inaugurate Shams 1 Plant on March 17th, 
2013,” HeliosCSP.com, 7 March 2013.

18 Most active from Herman K. Trabish, “CSP 2012: Concentrated 
Solar Power Review,” Greentechmedia.com, 13 December 2012; 
50 MW solar power tower plant (Khi Solar One) and 100 MW 
parabolic trough plant (KaXu Solar One), per “Abengoa Kicks Off 
South Africa’s First CSP Plants Construction,” CSP-World.com, 6 
November 2012. ACWA will build another 50 MW plant, per CSP 
World, op. cit. note 11.

19 Funding will come from various sources including the 
Development Bank of Southern Africa, the Clinton Climate 
Initiative, and Namibian institutions, per “Namibia’s First CSP 
Plant Gets Closer,” CSP-World.com, 20 February 2013.

20 World Bank and Asian Development Bank (ADB) funded projects 
are planned to be built in Algeria, Egypt, Jordan, Morocco, and 
Tunisia, per “Developing countries embrace CSP technology,” 
in CSP Today, Weekly Intelligence Brief, 3–10 December 2012. 
The MENA CSP Scale-Up Initiative among Algeria, Egypt, Jordan, 
Morocco, and Tunisia aims for 1 GW of capacity, per Allison 
Ebbage, “CSP in MENA: Challenges and Opportunities,” CSP 
Today, December 2012, at http://social.csptoday.com; The 
Mediterranean Solar Plan has been announced in most northern 
African countries, calling for 100s to 2,000 MW of capacity 
per country, per Dufour, op. cit. note 5. In addition, financing 
contracts for a 160 MW CSP plant in Morocco were signed in late 
2012. KfW (on behalf of the German Government), the European 
Commission, the European Investment Bank (EIB), Agence 
Française de Developpement (AfD), the World Bank, and the 
African Development Bank will provide financing for the USD 
990 million (EUR 750 million) cost for the parabolic trough plant 
in Quarzazate. This project is the first phase, with an even larger 
second phase to follow, per Jens Drillisch, KfW, personal com-
munication with REN21, April 2013. 

21 Reserve oil from Ebbage, op. cit. note 20. It is expected that about 
900 MW will be allocated in Saudi Arabia for the first round (to be 
announced during 2013) and 1,200 MW for the second round; all 
must provide at least four hours of storage, per CSP Today, “Saudi 
Arabia Solar Programs Gives Massive Boost to Concentrated Solar 
Power Industry,” 25 February 2013, at http://social.csptoday.com. 
Jordan from Eduardo Garcia Iglesias, Protermosolar, personal 
communication with REN21, 3 April 2013.

22 Complete 500 MW from “Developing countries embrace CSP 
technology,” op. cit. note 20. See also NREL, “Concentrating 
Solar Power Projects in India,” SolarPaces, www.nrel.gov/csp/
solarpaces/by_country_detail.cfm/country=IN. Some projects 
have been delayed and some cancelled because developers 
have been unable to obtain heat-transfer fluid from U.S. suppliers 
due to a backlog of orders, and because it has been determined 
that high dust levels in areas where some plants were to be built 
diffuse the necessary solar radiation, per Natalie Obiko Pearson, 
“Completion of Concentrating Solar Power Plants in India 
Delayed,” RenewableEnergyWorld.com, 16 November 2012; see 
also Natalie Obiko Pearson, “India May Defer Penalties on $1 
Billion of Solar Thermal Plants, RenewableEnergyWorld.com, 8 
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May 2013.

23 Information on 44 MW plant from Piers Evans, “Strong on Solar: 
Australia Eyes CSP Leadership,” RenewableEnergyWorld.com, 29 
August 2012, and from “Kogan Creek Solar Boost Project – Case 
Study,” CleanEnergyActionProject.com, viewed 26 April 2013.

24 Argentina plans for a 20 MW trough plant, but no target date 
has been set and financing is a challenge, from Jason Deign, 
“Argentina moves into CSP with 20MW plant,” CSP Today, 
November 2012, at http://social.csptoday.com, and from Jason 
Deign, “Argentina Salta Plant Developer Responds,” CSP Today, 
15 February 2013, at http://social.csptoday.com; Chile launched 
a tender in February 2013 for the country’s first CSP plant for 
electricity generation, per “Chile Launches Tender for CSP Plant,” 
CSP-World.com, 28 February 2013; 12 MW (net) Agua Prieta II 
parabolic trough under construction in Mexico is due for comple-
tion in 2013, per NREL, “Agua Prieta II,” SolarPaces, www.nrel.
gov/csp/solarpaces/project_detail.cfm/projectID=135, updated 
24 January 2013; four projects have been selected for funding 
under the EU Emissions Trading System framework—in Cyprus, 
Greece, and Spain—that total just over 225 MW (two large-scale 
dish Stirling power plants and two large central receivers), per 
European Commission, “Questions and Answers on the Outcome 
of the First Call for Proposals Under the NER300 Programme,” 
press release (Brussels: 18 December 2012); France’s 12 MW 
Alba Nova 1 linear Fresnel demonstration plant is under construc-
tion with completion scheduled for 2014, per NREL, “Alba Nova 
1,” SolarPaces, www.nrel.gov/csp/solarpaces/project_detail.cfm/
projectID=221, updated 12 February 2013; there is also a 9 MW 
plant in the pipeline in France, per Dufour, op. cit. note 5; Israel 
from CSP World, op. cit. note 11; China plans to begin construction 
on 250 MW of plants with more than 4,000 MW in the pipeline 
awaiting clearly defined policies, per Dufour, op. cit. note 5.

25 Joyce Laird, “Is CSP Still on Track,” RenewableEnergyFocus.com, 
26 June 2012.

26 Fred Morse and Florian Klein, Abengoa Solar, Washington, DC 
and Madrid, personal communications with REN21, March 2012; 
Laird, op. cit. note 25.

27 See, for example, “First harvest of CSP-grown cucumbers in Qatar 
served to COP18 attendees,” CSP-World.com, 11 December 
2012.

28 ESTELA, Report on The First 5 Years of ESTELA (Brussels: February 
2012); Morse and Klein, op. cit. note 26; Dufour, op. cit. note 1.

29 Dufour, op. cit. note 5. 

30 Laura Hernandez, “CSP’s Growth Directly Connected to the 
Industry’s Diversification,” RenewableEnergyWorld.com, 24 
September 2012.

31 Dufour, op. cit. note 5

32 CSP World, op. cit. note 11; alliance from Dufour, op. cit. note 1.

33 China is expanding its manufacturing capacity, per Dufour, op. 
cit. note 5. Development in China has been relatively slow due to 
challenges such as vast distances between solar resources and 
demand centers, lack of necessary transmission infrastructure, 
and the government’s focus on solar PV and wind power, per Paul 
French, “China to Remain the Dominant Component Supplier to 
CSP ‘Indefinitely’ Says Analyst,” CSP Today, September 2012, at 
http://social.csptoday.com. 

34 “Protermosolar: CSP Spanish Companies involved in 64% of 
the Solar Thermal Power Projects in the World,” HelioCSP.com, 
7 March 2013. By the end of 2012, Abengoa alone had more 
than 740 MW in operation and 910 MW under construction, per 
“Extremadura Solar Complex inaugurated,” in CSP Today, Weekly 
Intelligence Brief, 3–10 December 2012.

35 Solar Millennium and SolarHybrid from Rikki Stancich, “Solar 
Trust of America Files for Bankruptcy,” in CSP Today, Weekly 
Intelligence Brief, 2–9 April 2012; Steve Leone, “Developer 
of 1,000-MW Blythe Solar Project Files for Chapter 11,” 
RenewableEnergyWorld.com, 2 April 2012; BrightSource from 
CSP World, op. cit. note 11; Siemens from Bank Sarasin, “Working 
Towards a Cleaner and Smarter Power Supply – Prospects for 
Renewables in the Energy Revolution” (Basel, Switzerland: 
December 2012), p. 11. Siemens entered in 2009 by acquiring 
Archimede Solar Energy and Solel Solar Systems, per Bloomberg 
New Energy Finance, “China Redirects State Support to Solar 
Power Developers,” in Energy: Week in Review, 23–29 October 
2012.

36 One millionth from “Schott Solar Achieves a Milestone,” in CSP 
Today, Weekly Intelligence Brief, 19–26 November 2012; seeking 

bids from “Update 1 – Schott Expects Bids for Solar Ops in 
February – Source,” Reuters, 8 February 2013.

37 Morse and Klein, op. cit. note 26.

38 “German Company Unveils Its New Plant Type,” in CSP Today, 
Weekly Intelligence Brief, 26 November–2 December 2012.

39 “3M and Gossamer inaugurate the world’s largest aperture para-
bolic trough demonstration facility,” CSP-World.com, 3 May 2012.

40 Solar Power Group and Sopogy from Kris De Decker, “The bright 
future of solar thermal powered factories,” LowTech Magazine, 26 
July 2011, at www.lowtechmagazine.com. See also Solar Power 
Group Web site, www.solar-power-group.de, and Sopogy Web 
site, http://sopogy.com; Abengoa from Abengoa Solar, “Minera El 
Tesoro...” op. cit. note 1.

41 Paul Denholm and Mark Mehos, Enabling Greater Penetration 
of Solar Power via the Use of CSP with Thermal Energy Storage 
(Golden, CO: NREL, November 2011); Dufour, op. cit. note 5.

42 Jorge Alcauza, “To store or not to store, that is NOT the question 
(anymore),” CSP-World.com, 1 February 2013. Note that steam 
storage has been operating for years in some plants, per Elisa 
Prieto Casaña, Abengoa Solar, personal communication with 
REN21, April 2013.

43 Bank Sarasin, Solar Industry: Survival of the Fittest in the Fiercely 
Competitive Marketplace (Basel, Switzerland: November 2011); 
Protermosolar, op. cit. note 7.

44 Abengoa Energy, “Abengoa Awarded Two CSP Projects by Africa’s 
Department of Energy,” press release (Seville: 7 December 2011); 
Andrew Eilbert, “The Trade-off Between Water and Energy: 
CSP Cooling Systems Dry Out in California,” ReVolt (Worldwatch 
Institute blog), 31 December 2010; Jordan Macknick, Robin 
Newmark, and Craig Turchi, NREL, “Water Consumption Impacts 
of Renewable Technologies: The Case of CSP,” presentation at 
AWRA 2011 Spring Specialty Conference, Baltimore, MD, 18–20 
April 2011; Strategic Energy Technologies Information System 
(SETIS), “Concentrated Solar Power Generation,” http://setis.
ec.europa.eu/newsroom-items-folder/concentrated-solar-pow-
er-generation, viewed 24 May 2012. 

45 Fred Morse, Abengoa Solar, Washington, DC, personal communi-
cation with REN21, March 2013.

46 Heba Hashem, “Grid Parity Solar: CSP Gains on PV,” CSP Today, 
25 May 2012, at http://social.csptoday.com.

soLar tHErmaL HEating anD CooLing
1 Total additions and capacity based on Franz Mauthner, AEE – 

Institute for Sustainable Technologies (AEE-INTEC), Gleisdorf, 
Austria, personal communication with REN21, 14 May 2013, 
and on Werner Weiss and Franz Mauthner, Solar Heat Worldwide: 
Markets and Contribution to the Energy Supply 2011, edition 
2013 (Gleisdorf, Austria: International Energy Agency (IEA) Solar 
Heating and Cooling Programme, May 2013). The Weiss and 
Mauthner report covers 56 countries and is assumed to represent 
95% of the global market. Data provided were 48.1 GWth added 
(68.6 million m2) for a total of 234.6 GWth, which were adjusted 
upwards to 100% for the GSR to reach 50.6 GWth added (72.2 
million m2) and 246.9 GWth total. Note that collector area (and 
respective capacity) in operation were estimated by Weiss and 
Mauthner based on official country reports regarding the lifetime 
basis used; where such reports were not available, a 25-year life-
time was assumed except in the case of China, where the Chinese 
Solar Thermal Industry Federation (CSTIF) considers lifetime 
to be below 10 years. Also, note that in 2004 the represented 
associations from Austria, Canada, Germany, the Netherlands, 
Sweden, and the United States, as well as the European Solar 
Thermal Industry Federation (ESTIF) and the IEA Solar Heating 
and Cooling Programme agreed to use a factor of 0.7 kWth/m2 to 
derive the nominal capacity from the area of installed collectors; 
this conversion rate is also used in the GSR.

2 Glazed water collectors accounted for a 96.4% share of the global 
market in 2011 (unglazed water systems accounted for about 
3.2% of the global market in 2011, and glazed and unglazed air 
systems for 0.2%), and global capacity added in 2011 was 46.4 
GWth, per Mauthner, op. cit. note 1, and Weiss and Mauthner, op. 
cit. note 1. The 46.4 GWth was adjusted upwards by REN21 from 
an estimated 95% of the global market to 100%, to reach 48.9 
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GWth.

3 Weiss and Mauthner, op. cit. note 1, p. 2. 

4 Ibid., p. 2. 

5 Franz Mauthner, AEE-INTEC, Gleisdorf, Austria, personal commu-
nication with REN21, 4 April 2013.

6 Based on an estimated global capacity of 211.5 GWth glazed water 
collectors at the end of 2011, producing an estimated 183,545 
MWh (660,761 TJ), from Weiss and Mauthner, op. cit. note 1, p. 
23, and adjusted from an estimated 95% of the global market up 
to 100% to reach 222.6 GWth and output of 193.2 GWh (695.5 PJ). 

7 Weiss and Mauthner, op. cit. note 1, pp. 9, 17. Figures 15 and 16 
based on data from idem. Global numbers are adjusted upwards 
by REN21 from an estimated 95% of the global market to 100%.

8 Total solar thermal capacity in operation and gross additions 
based on preliminary estimate of 268.1 GWth of total global 
capacity at the end of 2012, and gross capacity additions of 52.6 
GWth, from Mauthner, op. cit. note 1, and Weiss and Mauthner, 
op. cit. note 1. Estimates for 2012 are based on available market 
data from Austria, Brazil, China, Germany, and India; data for 
the remaining countries were estimated by Weiss and Mauthner 
according to their trends for the previous two years. Data were 
adjusted upwards by REN21 from an estimated 95% of the global 
market to 100% (i.e., 268.1 GWth/0.95 = 282.2 GWth) to reach 282 
GWth of total solar thermal capacity in operation and 55.4 GWth of 
gross additions.

9 Glazed water collector capacity is based on the above estimate 
of 282.2 GWth for all types of collectors in operation worldwide 
at the end of 2012, and the assumption that glazed collectors 
accounted for 90.2% of total global collector capacity in 2012, 
as they did in 2011, per Mauthner, op. cit. note 1, and Weiss and 
Mauthner, op. cit. note 1. (In other words, estimated 2012 glazed 
water collector capacity = 282.2 GWth * 0.902 = 254.5 GWth.) 
Net additions totaled about 32 GWth, derived by subtracting the 
estimated 2011 total (223 GWth) from the estimated 2012 total. 
Gross added capacity of glazed water collectors in 2012 is based 
on 55.4 GWth gross additions of all collectors and assumption that 
glazed water collectors represented 96.4% of the global market 
in 2012, as they did in 2011, per Mauthner, op. cit. note 1. This 
brings gross additions of glazed water collectors to an estimated 
53.4 GWth for 2012. Figure 17 based on data from Weiss and 
Mauthner, op. cit. note 1, and from IEA, SHC Solar Heat Worldwide 
Reports (Gleisdorf, Austria: 2005–2013 editions), revised figures 
based on long-term recordings from AEE-INTEC, supplied by 
Franz Mauthner, 18 April 2013; and from Mauthner, op. cit. note 
1. Global data adjusted upwards from 95% to 100% per Franz 
Mauthner, AEE-INTEC, Gleisdorf, Austria, personal communica-
tions with REN21, 18 April and 14 May 2013.

10 China’s installations and total capacity from Zhentao Luo, CSTIF, 
presentation (in Chinese) for Annual CSTIF meeting, Beijing, 
16 December 2012; two-thirds based on 67% share from Franz 
Mauthner, AEE - Institute for Sustainable Technologies, personal 
communication with REN21, 4 April 2013, and on China’s share of 
the estimated 282.2 GWth in operation at the end of 2012. China 
added 44.73 GWth in 2012, and total capacity increased by 28.3 
GWth (from 152.1 GWth to 180.4 GWth), implying that 16.43 GWth 
were taken out of service during the year, based on data from 
CSTIF, op. cit. this note.

11 Solar heaters cost an estimated 3.5 times less than electric water 
heaters and 2.6 less than gas heaters over the system lifetime, 
per CSTIF, cited in Bärbel Epp, “Solar Thermal Competition Heats 
Up in China,” RenewableEnergyWorld.com, 10 September 2012; 
and Bärbel Epp, “Solar Thermal Shake-Out: Competition Heats 
Up in the Chinese Market,” Renewable Energy World, July–August 
2012, pp. 47–49. Annual market growth has increased fairly 
steadily year-by-year, up from 4,480 MWth in 2000, per Weiss and 
Mauthner, op. cit. note 1.

12 Slowdown and since 2009 from Luo, op. cit. note 10; causes from 
Bärbel Epp, “China: Trends in the Largest Solar Thermal Market 
Worldwide,” presentation for Intersolar Europe 2012, Munich, 
June 2012.

13 Most demand is residential (85% of market in 2011) from Jiuwei 
Wang, Deputy General Manager, Himin, cited in Bärbel Epp, “Solar 
Thermal Scales New Heights in China,” RenewableEnergyWorld.
com, 27 June 2012; growing share from idem.

14 Walls and balconies from Epp, op. cit. note 13; 60% and falling 
per Yunbin Le, Deputy General Manager, Linuo Paradigma, cited 
in idem.

15 EurObserv’ER, Solar Thermal and Concentrated Solar Power 

Barometer (Paris: May 2012), p. 55; Pedro Dias, Deputy Secretary 
General, European Solar Thermal Industry Association (ESTIF), 
Brussels, personal communication with REN21, 4 May 2013. 
In 2011, Europe added 3.92 GWth; China and Europe together 
accounted for 92.2% of the global market, per Weiss and Mauthner, 
op. cit. note 1; in 2012, Europe added an estimated 2.2 MWth 
(based on preliminary statistics covering 93% of the market), per 
Dias, op. cit. this note.

16 EurObserv’ER, op. cit. note 15, p. 65.

17 Additions in 2011 of 889 MWth (1.27 million m2) and in 2012 of 
805 MWth, (1.15 million m2) and total capacity of 11.41 GWth (16.3 
million m2) from German Federal Ministry for the Environment, 
Nature Conservation and Nuclear Safety (BMU), “Renewable 
Energy Sources 2012,” with data from Working Group on 
Renewable Energy-Statistics (AGEE-Stat), provisional data, 28 
February 2013, at www.erneuerbare-energien.de. Total capacity 
in 2012 was 12,350 MWth per ESTIF, provided by Dias, op. cit. 
note 15. Additions and year-end total in 2012 were 805 MWth and 
11.5 GWth, respectively, from Bundesverband Solarwirtschaft 
e.V. (BSW-Solar), “Statistische Zahlen der deutschen 
Solarwärmebranche (Solarthermie),” February 2013, at www.
solarwirtschaft.de. The German market peaked towards the end of 
2011 in anticipation of lower incentive rates starting in 2012, per 
ESTIF, Solar Thermal Markets in Europe, Trends and Market Statistics 
2011 (Brussels: June 2012). 

18 Dias, op. cit. note 15. Austria’s market shrank 11% in 2012 
following a 17% decline in 2011, from Mauthner, op. cit. note 
10. However, Austria achieved the milestone of 5 million square 
metres installed in September, from Solid, “5 Million Square 
Meters of Solar Thermal Collectors in Austria Installed,” SDH Solar 
District Heating/ Intelligent Energy Europe, Newsletter October 
2012 (25 October 2012), at www.solar-district-heating.eu.

19 Data for 2011 ESTIF, op. cit. note 17, p. 7; 2012 and despite 
economic turmoil from Dias, op. cit. note 15; rising electricity and 
heating oil prices per Greek Solar Industry Association (EBHE), 
cited in Yorgos Karahalis, “Solar Water Heating Exports Proves a 
Success for Recession-Mired Greece,” Reuters, 29 April 2013.

20 More diversified from Bank Sarasin, Solar Industry: Survival of the 
Fittest in a Fiercely Competitive Marketplace (Basel, Switzerland: 
November 2011); growth in developing markets from Mauthner, 
op. cit. note 10, and from Dias, op. cit. note 15. Note that the mar-
ket for small-scale applications in Denmark has been declining, 
and growth has been led by solar district heating plants, which 
account for the vast majority of the Danish market, from Dias, op. 
cit. note 15.

21 Weiss and Mauthner, op. cit. note 1.

22 Raquel Costa, “Turkey: Kutay Ülke Speaks About Ezinç and the 
Turkish Market during ESTEC 2011,” SolarThermalWorld.org, 26 
January 2012.

23 Eva Augsten, “Turkey: High-quality Solar Hot Water Systems 
Across Earthquake Area,” SolarThermalWorld.org, 26 November 
2012.

24 Based on 0.91 million m2 added for total of 6.92 million m2 in 
operation at the end of February, from Government of India 
Ministry of New and Renewable Energy (MNRE), “Achievements—
Cumulative deployment of various renewable energy systems/
devices in the country as on 28/02/2013,” http://mnre.gov.in/
mission-and-vision-2/achievements/, viewed 24 March 2013. 

25 Japanese Solar System Development Association, cited in Bärbel 
Epp, “Japan: Stagnating Market Despite Renewables’ Image 
Boost,” SolarThermalWorld.org, 30 October 2012. Note that Japan 
added about 0.12 GWth in fiscal year 2011 for a cumulative total 
of about 3.7 GWth at the end of the fiscal year, from Matsubara 
Hironao, Institute for Sustainable Energy Policy, personal com-
munication with REN21, April 2013; South Korea’s installations 
peaked in 2009 and have slowed since; 54,732 m2 were added in 
2011 for a total of 1,649,322 m2 at year’s end, from KEMCO (Korea 
Energy Management Corporation), New & Renewable Energy 
Statistics 2011 (2012 Edition).

26 Thailand subsidised 11,155 m2 in 2012, up from 9,879 m2 in 2011, 
from Thailand Department of Alternative Energy Development 
and Efficiency, cited in Stephanie Banse, “Thailand: Government 
Continues Subsidy Programme in 2013,” SolarThermalWorld.org, 
15 February 2013.

27 Based on 0.8 million m2 added and 8.11 million m2 cumulative 
at year’s end, from DASOL (National Solar Heating Department), 
ABRAVA (Brazilian Association for HVAC&R), “Sector’s Data,” 
2013.
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28 DASOL, ABRAVA, “Sector’s Data 2011,” 2012, at www.dasol-
abrava.org.br.

29 Argentina from Eva Augsten, “Argentina: Solar Water Heaters 
for Rural Schools,” SolarThermalWorld.org, 29 October 2011, 
and from Eva Augsten, “Argentina: ASADES’ Network for Solar 
Energy,” SolarThermalWorld.org, 6 April 2012; Mexico, Chile, and 
Uruguay from DENA (German Energy Agency), cited in “Overview 
of Solar Power and Heat Markets,” RenewablesInternational.net, 1 
October 2013. In Chile, more than 10,000 m2 installed were within 
two years, more than doubling cumulative capacity, in response to 
tax rebates, from Asociacion Chilena de Energia Solar (ACESOL), 
Christian Antunovic, “Columna de Presidente de ACESOL 
Publicada en le Tercera,” 10 January 2012, at www.acesol.cl/
noticias/columna-de-presidente-de-acesol-publicada-en-la-ter-
cera (using Google Translate). Chile added about 11 MWth (15,869 
m2) in 2012, for a total of 17.3 MWth (24,685 m2) installed during 
2010–12, from Ministry of Energy of Chile, Estudio de Mercado de 
la Industria Solar Térmica en Chile y Propuesta Metodológica para 
su Actualización Permanente (Santiago: September 2012), p. 10.  

30 The United States had 13,987 MWth of unglazed water collectors 
in operation in 2011, from Weiss and Mauthner, op. cit. note 1.

31 The United States added 138.1 MWth of glazed water collectors 
in 2011 compared with 157.8 MWth in 2010. Data for 2011 from 
Weiss and Mauthner, op. cit. note 1; data for 2010 from Werner 
Weiss and Franz Mauthner, Solar Heat Worldwide: Markets and 
Contribution to the Energy Supply 2010, edition 2012 (Gleisdorf, 
Austria: IEA Solar Heating and Cooling Programme, 2012). The 
United States ranked 10th worldwide in 2009 for total capacity 
of glazed water collectors, 12th in 2010, and 13th in 2011, from 
Weiss and Mauthner, op. cit. note 1 and past editions of the same 
report.

32 “California Solar Statistics” (www.californiasolarstatistics.ca.gov), 
cited in Bärbel Epp, “USA: More Incentives and Marketing in 
California,” SolarThermalWorld.org, 21 August 2012.

33 “Small-scale Renewables: Big Problem, Small Solution,” in REW 
Guide to North American Renewable Energy Companies 2013, 
special supplement in Renewable Energy World, March–April 
2013, pp. 18–24.

34 Weiss and Mauthner, op. cit. note 1. Egypt has a small market, 
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Energy Development Association (SEDA), cited in Eva Augsten, 
“Egypt: Solar Water Heaters to Help Cut Down Energy Subsidies,” 
SolarThermalWorld.org, 11 October 2012; and 42,046 high-pres-
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to 29 November 2012, with 13,548 systems installed in the first 11 
months of 2012; South Africa also had about 200,000–300,000 
low-pressure SWHs, based on number of claims processed by 
Deliotte for Eskom, provided by Mike Mulcahy, Green Cape, South 
Africa, personal communication with REN21, 27 March 2013.

35 Based on 92,000 m2, from Eva Augsten, “Egypt: Solar Water 
Heaters to Help Cut Down Energy Subsidies,” SolarThermalWorld.
org, 11 October 2012.

36 Israel, Jordan, and Lebanon rankings from Weiss and Mauthner, 
op. cit. note 1; 13% penetration and market drivers from 
Lebanese Center for Energy Conservation, Central Bank of 
Lebanon, and Ministry of Energy and Water, cited in Pierre El 
Khoury, “Solar Water Heaters in Lebanon: An Emerging $100 
Million Market,” RenewableEnergyWorld.com, 11 January 2013; 
Lebanese Republic, Ministry of Energy and Water, United Nations 
Development Programme, and Global Environment Facility, “The 
Residential Solar Water Heaters Market in Lebanon in 2011” 
(Beirut: September 2012).

37 Weiss and Mauthner, op. cit. note 1. Also among the top 10 were 
Turkey, Germany, Australia, China, and Jordan. Rankings were 
slightly different considering capacity for glazed and unglazed 
capacity combined: Cyprus remained in first place, followed by 
Austria, Israel, Barbados, and Greece. For unglazed systems, 
Australia ranked first for per capita capacity in 2011, followed by 
Austria, the United States, the Czech Republic, and Switzerland. 

38 Ibid. Considering newly installed capacity for all water collectors 
(glazed and unglazed), Israel ranked first, followed by Australia, 
China, Austria, and Cyprus.

39 Ibid.; Uli Jakob, Solem Consulting/ Green Chiller, personal 
communication with REN21, April 2013. For example, combi-sys-
tems, which provide both domestic hot water and space heating, 
accounted for more than 40% of the market in Germany and 

Austria as of 2011, per Weiss and Mauthner, op. cit. note 1.

40 This is particularly true in Austria, Germany, and Switzerland, 
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conditions, per “Solar + Heat Pump Systems,” Solar Update (IEA 
Solar Heating and Cooling Programme), January 2013.

41 Market share from Weiss and Mauthner, op. cit. note 1, p. 3; 
established markets from Weiss and Mauthner, op. cit. note 31.

42 Other heat sources from Jan-Olof Dalenbäck and Sven Werner, 
CIT Energy Management AB, Market for Solar District Heating, 
supported by Intelligent Energy Europe (Gothenburg, Sweden: 
September 2011, revised July 2012); cost-competitive from 
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about USD 0.05 (4 Eurocent/kWh) without subsidies as of 2010, 
and not much more in Austria, from Jan-Olof Dalenbäck, CIT 
Energy Management AB, Success Factors in Solar District Heating, 
prepared for Intelligent Energy Europe (Gothenburg, Sweden: 
December 2010). 

43 Systems across Europe from Solar District Heating, SDHtake-
off—Solar District Heating in Europe, Global Dissemination Report, 
edited by Solites, Steinbeis Research Institute for Solar and 
Sustainable Thermal Energy Systems, supported by Intelligent 
Energy Europe (Stuttgart, Germany: 2012), p. 2; France from Eva 
Augsten, “France: Solar District Heating with Energy Costs Around 
0.06 EUR/kWh,” SolarThermalWorld.org, 4 December 2012; 
Austrian Climate and Energy Fund, cited in Bärbel Epp, “Austria: 
More and Less Successful Subsidy Schemes,” SolarThermalWorld.
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Square Meters of Solar Thermal Collectors in Austria Installed,” 
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off…,” op. cit. note 42, p. 2; Europe’s 10 largest from Weiss and 
Mauthner, op. cit. note 1.

45 The University of Pretoria’s 672 m2 solar thermal system provides 
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Banse, “South Africa: University of Pretoria’s 672 m2 Solar 
Thermal System,” SolarThermalWorld.com, 12 April 2012; China’s 
“Utopia Garden” project in Dezhou covers 10 blocks of apartment 
buildings with 5.025 m2 combined with seasonal storage beneath 
the complex, per Bärbel Epp, “China: Utopia Garden Sets New 
Standard for Architectural Integration,” SolarThermalWorld.
org, 10 April 2012; 97% of community’s needs was over a 
one-year period, per Natural Resources Canada, “Canadian 
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and Innovation,” press release (Okotoks, Alberta: 5 October 
2012); first large seasonal storage from “Solar Community Tops 
World Record,” in Solar Update (IEA Solar Heating and Cooling 
Programme), January 2013, p. 16; Government of Canada, 
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DLSC_Brochure_e.pdf, viewed 23 March 2013.
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as of 2012. All based on data from Jakob, op. cit. note 39, and 
from Uli Jakob, “Status and Perspective of Solar Cooling Outside 
Australia,” in Proceedings of the Australian Solar Cooling 2013 
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Domestic Applications,” SolarThermalWorld.org, 17 August 2012.
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“USA: Contractor Runs 7,804 m2 Collector System at Prestage 
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SolarThermalWorld.org, 15 February 2013.

52 Weiss and Mauthner, op. cit. note 1, p 3.
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62–65; Chris Laughton, “Great Britain: Insolvency of Collector 
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June 2012.
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December 2012, pp. 28–39.

55 Ibid.
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SolarThermalWorld.org, 5 December 2012; in the U.K., companies 
are turning to repairs of existing systems, per Chris Laughton, 
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Crash,” SolarThermalWorld.org, 21 June 2012; close produc-
tion capacity from Epp, op. cit. note 54, pp. 28–39, and from 
Bank Sarasin, op. cit. note 20; Bärbel Epp, “Germany: Schüco 
Closes Bielefeld Collector Factory,” SolarThermalWorld.org, 17 
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57 Epp, op. cit. note 54; ; Berner, op. cit. note 56; Augsten, op. cit. 
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47–49; Bärbel Epp, “China: Sunrain Group Goes Public,” 
SolarThermalWorld.org, 29 May 2012.
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74 Trouble competing and costs declined from Jakob, op. cit. note 
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1 A total of 44,799 MW was added in 2012, bringing the year-end 

total to 282,587 MW, according to Global Wind Energy Council 
(GWEC), Global Wind Report – Annual Market Update 2012 
(Brussels: April 2013); 44,951 MW added for total of 285,761 
MW from Navigant’s BTM Consult, International Wind Energy 
Development: World Market Update 2012 (Copenhagen: March 
2013); 44,712 MW added from C. Ender, “Wind Energy Use in 
Germany – Status 31.12.2012,” DEWI Magazine (German Wind 
Energy Institute), February 2013, p. 31. Up 19% (18.7%) based 
on data for 2011 and 2012 from GWEC, op. cit. this note, and from 
Navigant’s BTM Consult, op. cit. this note. Figure 18 based on 
GWEC, op. cit. this note, and on Navigant’s BTM Consult, op. cit. 
this note.

2 Key markets with policy uncertainty included the United States, 
Europe (Spain, Italy, France, Portugal, the U.K.), Asia (India, 
Japan), and Australia.

3 Estimate of 86% based on GWEC, op. cit. note 1, and on 
Navigant’s BTM Consult, op. cit. note 1.

4 Figures of 44, 64, and 24 countries from GWEC, op. cit. note 
1; 24 also from Navigant’s BTM Consult, op. cit. note 1. The 24 
countries include 15 in Europe, four in the Americas, three in Asia, 
plus Australia and Turkey. Note that GWEC has 79 countries in its 
database, per GWEC, personal communication with REN21, April 
2013, and that there are 100 countries or regions with wind power 
capacity, per World Wind Energy Association (WWEA), World Wind 
Energy Report 2012 (Brussels: May 2013).

5 Estimate of 24.9% from Navigant’s BTM Consult, op. cit. note 1; 
24.7% from GWEC, op. cit. note 1.

6 GWEC, op. cit. note 1.

7 The United States added 13,131 MW, per American Wind 
Energy Association (AWEA), “AWEA U.S. Wind Industry Annual 
Market Report, Year Ending 2012” (Washington, DC: April 2013), 
Executive Summary. It was followed by China (12,960 MW), 
Germany (2,415 MW), India (2,336 MW), and the United Kingdom 
(1,897 MW), per GWEC, op. cit. note 1, and Navigant’s BTM 
Consult, op. cit. note 1. Note that data from both sources agree for 
all countries except the U.K., which added 1,958 MW according to 
Navigant’s BTM Consult.

8 Additions were Italy (1,273 MW), Spain (1,122 MW), Brazil (1,077 
MW), Canada (935 MW), and Romania (923 MW), per GWEC, op. 
cit. note 1. Rankings are the same with only slight differences 
in added capacity, per Navigant’s BTM Consult, op. cit. note 1. 
Mexico was in the top 10 according to WWEA, op. cit. note 4.

9 Share of the global market was 26.6% and share of total global 
capacity was 37.5%, based on data from GWEC, op. cit. note 1; 
share of global market was 28.5% and share of the global total 
was 38.5%, based on data from Navigant’s BTM Consult, op. cit. 
note 1.

10 AWEA, op. cit. note 7. Figure 19 based on various sources 
throughout this section.

11 The United States added 13,131 MW in 2012, according to AWEA, 
op. cit. note 7; 6.8 MW were added in 2011, per AWEA, “Annual 
industry report preview: supply chain, penetration grow,” Wind 
Energy Weekly, 30 March 2012.

12 Vince Font, “AWEA Reports 2012 the Strongest Year on 
Record for U.S. Wind Energy, Continues Success Uncertainty,” 
RenewableEnergyWorld.com, 23 October 2012.

13 Wind accounted for more than 45% of U.S. electric capacity 
additions in 2012 (based on 12,799 MW of wind capacity added), 
per U.S. Energy Information Administration (EIA), “Wind Industry 
Brings Almost 5,400 MW of Capacity Online in December 2012,” 
www.eia.gov/electricity/monthly/update/?scr=email, viewed 25 
April 2013. Wind was nearly 41% and natural gas accounted for 
33% of U.S. capacity additions in 2012, based on data from U.S. 
Federal Energy Regulatory Commission, Office of Energy Projects, 
“Energy Infrastructure Update for December 2012” (Washington, 
DC: 2013). Wind accounted for 42% (based on preliminary 13,124 
MW added), according to AWEA, “4Q report: Wind energy top 
source for new generation in 2012; American wind power installed 
new record of 13,124 MW,” Wind Energy Weekly, 1 February 2013. 
The United States ended 2012 with 60,007 MW, per AWEA, op. 
cit. note 7.

14 Texas added 1,826 MW, followed by California (1,656 MW), 
Kansas (1,440 MW), Oklahoma (1,127 MW), and Illinois (823 MW), 
per AWEA, “4Q report..,” op. cit. note 13; more than 12 GW in 
Texas and 15 states from AWEA, op. cit. note 7. 

15 China added an estimated 12,960 MW of capacity in 2012, from 
Chinese Wind Energy Association (CWEA), with data provided 
by Shi Pengfei, personal communication with REN21, 14 March 
2013; from GWEC, op. cit. note 1; and from Navigant’s BTM 
Consult, op. cit. note 1. Note that 15,780 MW of capacity was 
brought into operation (including capacity previously installed), 
per China Electricity Council, with data provided by Pengfei, op. 
cit this note. Share of world market was about 27% in 2012, down 
from 43% in 2011 and 49.5% in 2010, per GWEC, op. cit. note 1. 
Decline relative to 2009–2011 based on data from GWEC, op. cit. 
note 1.

16 Shruti Shukla, GWEC, personal communication with REN21, 13 
February 2013; Zoë Casey, “The Wind Energy Dragon Gathers 
Speed,” Wind Directions, June 2012, pp. 32, 34.

17 CWEA, op. cit. note 15.

18 Figure of 75,324 MW installed by year-end from GWEC, op. 
cit. note 1, and from CWEA, op. cit. note 15. About 14.5 GW of 
installed capacity was not yet officially operating at year’s end, 
based on data from CWEA and from China Electricity Council, 
provided by Pengfei, op. cit. note 15; most of the capacity added 
in 2012 was feeding the grid, per Steve Sawyer, GWEC, personal 
communication with REN21, 2 April 2013. Note that the process 
of finalising the test phase and getting a commercial contract with 
the system operator takes time, accounting for delays in reporting. 
The difference is explained by the fact there are three prevailing 
statistics in China: installed capacity (turbines installed according 
to commercial contracts); construction capacity (constructed 
and connected to grid for testing); and operational capacity 
(connected, tested, and receiving tariff for electricity produced). 
Liming Qiao, GWEC, personal communication with REN21, 26 
April 2013.

19 Figures of 100.4% and 37%, and exceeding nuclear from China 
Electricity Council, provided by Pengfei, op. cit. note 15.

20 CWEA, op. cit. note 15; 14 with more than 1 GW from GWEC, op. 
cit. note 1.

21 The EU added 11,895 MW for a total of 106,041 MW, from 
European Wind Energy Association (EWEA), Wind in Power: 
2012 European Statistics (Brussels: February 2013); new record 
from GWEC, “Release of Global Wind Statistics: China, US vie for 
market leader position at just over 13 GW of new capacity each” 
(Brussels: 11 February 2013). All of Europe added 12,744 MW for 
a total of 109,581 MW, from EWEA, op. cit. this note. Accounting 
for closings and repowering, the EU’s net capacity increase was 
lower, per idem.

22 EWEA, op. cit. note 21. Wind’s share of capacity added was up 
from 21.4% in 2011, and its share of total electric generating 
capacity in 2012 was up from 2.2% in 2000 and 10.4% in 2011.

23 NREAP targets for end-2012 totaled 107.6 GW, from EWEA, op. 
cit. note 21, and from Shruti Shukla, GWEC, personal communi-
cation with REN21, 13 February 2013. Market in 2012 does not 
reflect growing uncertainty because most capacity was previously 
permitted and financed, per EWEA, op. cit. note 21.

24 Some emerging markets are spurred by rapid increases in 
electricity demand, a desire for independence from Russian 
gas, good wind resources, and new support policies, from Tildy 
Bayar, “Can Emerging Wind Markets Compensate for Stagnating 
European Growth?” RenewableEnergyWorld.com, 25 January 
2013, and from EWEA, “Eastern Winds: Emerging European 
Wind Power Markets” (Brussels: February 2013); challenges from 
Steve Sawyer, GWEC, personal communication with REN21, 4 
September 2012. 

25 Germany installed 2,415 MW in 2012, EWEA, op. cit. note 21; 
year-end total of 31,315 MW (31,035 MW onshore plus 280 MW 
offshore) and highest additions since 2002 or 2003 based on 
data from German Federal Ministry for the Environment, Nature 
Conservation and Nuclear Safety (BMU), “Renewable Energy 
Sources 2012,” data from Working Group on Renewable Energy-
Statistics (AGEE-Stat), provisional data (Berlin: 28 February 2013), 
p. 18. Much of the capacity added was for repowering: 1,433 MW 
of new turbines replaced 626 MW of old ones, per “German wind 
sector strong again in 2012,” RenewablesInternational.net, 1 
February 2012.

26 The United Kingdom added 1,897 MW (854 MW offshore) for 
a total of 8,445 MW, from EWEA, op. cit. note 21, and from 
GWEC, op. cit. note 1. It added 1,958 MW for a total of 9,113 MW, 
according to Navigant’s BTM Consult, op. cit. note 1.

27 Italy added 1,273 MW for a total of 8,144 MW; Spain added 1,122 
MW for a total of 22,796 MW; Romania added 923 MW for a total 
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of 1,905 MW; and Poland added 880 MW for a total of 2,497 MW, 
all from EWEA, op. cit. note 21. Italy added 1,272 MW for a total of 
7,998 MW, and Spain added 1,112 MW for a total of 22,462 MW, 
from Navigant’s BTM Consult, op. cit. note 1.

28 EWEA, op. cit. note 21.

29 India added an estimated 2,336 MW in 2012 for a year-end total of 
18,421 MW, from GWEC, op. cit. note 1. This compares with about 
3 GW installed during 2011, from GWEC, Global Wind Report: 
Annual Market Update 2011 (Brussels: March 2012).

30 Steve Sawyer, GWEC, personal communication with REN21, 5 
December 2012; Natalie Obiko Pearson, “India Wind Investment 
May Stall on Tax-Break cut, Industry Says,” Bloomberg News, 2 
April 2012, at www.businessweek.com.

31 Asia (almost entirely China and India) added 15,510 MW in 2012, 
and North America (not including Mexico) added 14,059 MW, 
per GWEC, op. cit. note 1. Europe (not including Russia or Turkey) 
added 12,238 MW (EU-27 added 11,895 MW), per EWEA, op. cit. 
note 21. Note that Europe lost its position as top regional installer 
in 2012, per Navigant’s BTM Consult, op. cit. note 1.

32 Brazil added an estimated 1,077 MW in 2012 for a total of 
2,508 MW and 4 million, from GWEC, op. cit. note 1, and from 
Associacão Brasileira de Energia Eólica, Boletim Mensal de Dados 
do Setor Eólico – Publico,” January 2013, p. 2, at www.abeeolica.
org.br. The strong market in Brazil has attracted European 
developers as subsidies decline at home, per Vittorio Perona, Grup 
BTG Pactual SA, cited in Stephan Nielsen, “Cheapest wind energy 
spurring renewables deals in Brazil,” RenewableEnergyWorld.
com, 29 January 2013.

33 Wind increasing faster than grid from Steve Sawyer, GWEC, 
personal communication with REN21, 4 September 2012. 

34 Mexico added 801 MW for a total of 1,370 MW, from GWEC, 
op. cit. note 1; largest project from Lindsay Morris and Jennifer 
Runyon, “Wind in 2012: booming in North America; tops 100 
GW in Europe,” RenewableEnergyWorld.com, 21 December 
2012. Mexico added 0.4 GW for a total of 1.5 GW, per Navigant’s 
BTM Consult, op. cit. note 1. The difference between GWEC and 
Navigant data is probably a matter of accounting (in which year 
capacity is counted).

35 GWEC, op. cit. note 1, p. 15.

36 Canada added 935 MW for total of 6,200 MW, from GWEC, op. 
cit. note 1; provinces from Richard Baillie, “Is it crunch time 
for Canada’s wind sector?” RenewableEnergyWorld.com, 27 
December 2012. Canada added more capacity during 2011 than 
2012, per GWEC, op. cit. note 1.

37 Tunisia (added 50 MW for a total of 104 MW) and Ethiopia from 
GWEC, op. cit. note 1; South Africa from GWEC, “Release of Global 
Wind Statistics: China, US vie for market leader position at just 
over 13 GW of new capacity each” (Brussels: 11 February 2013).

38 Turkey added 506 MW for a total of 2,312 MW, per EWEA, op. 
cit. note 21; Australia added 358 MW for a total of 2,584 MW, per 
GWEC, op. cit. note 1.

39 The 13 countries include 10 in Europe plus China, Japan, and 
South Korea, with 1,296 MW added worldwide for a total 5,415 
MW in operation at the end of 2012, per GWEC, op. cit. note 1, p. 
40. Ten countries had offshore capacity with a total of 5.1 GW, per 
Navigant’s BTM Consult, op. cit. note 1.

40 Europe added 1,166 MW of offshore capacity for a year-end total 
of 4,995 MW; 10 countries include Belgium with a total of 379.5 
MW, Denmark (921 MW); Finland (26.3 MW), Germany (280.3 
MW), Ireland (25.2 MW), the Netherlands (246.8 MW), Norway 
(2.3 MW), Portugal (2 MW), Sweden (163.7 MW), the United 
Kingdom (2,947.9 MW), and a European total (4,995 MW), per 
GWEC, op. cit. note 1, p. 40. The global offshore market added 
1,131 MW in 2012, with 66% of this in the U.K., according to 
Navigant’s BTM Consult, op. cit. note 1.

41 The United Kingdom’s share of additions based on 854 MW added 
in the U.K. and a total of 1,166 MW added in Europe, followed by 
Belgium (185 MW added), Germany (80 MW), and Denmark (46.8 
MW), all from GWEC, op. cit. note 1, p. 40; “London Array: All the 
Latest News and Developments,” January 2013, at www.londonar-
ray.com/wp-content/uploads/LONDON-ARRAY-NEWS-JAN-2013-
Email-version.pdf; Sally Bakewell, “Largest Offshore Wind Farm 
Generates First Power in U.K.,” Bloomberg, 29 October 2012, at 
www.renewableenergyworld.com.

42 All from GWEC, op. cit. note 1, p. 40; China also from CWEA, with 
data provided by Liming Qiao, GWEC, personal communication 
with REN21, 26 April 2013. Note that China added 127 MW (7 

projects) of intertidal and near-short capacity in 2012, per CWEA. 
China added three projects with a combined total of 110 MW, 
per Navigant’s BTM Consult, op. cit. note 1. Note that offshore 
capacity was added in the United Kingdom (756 MW), Belgium 
(184.5 MW), China (110 MW), and Germany (80 MW) only, per 
Navigant’s BTM Consult, , op. cit. note 1. Totals differ between 
GWEC and Navigant for China, for which Navigant has 329 MW 
total in operation, Denmark (833 MW), the U.K. (2,861 MW), and 
includes the Republic of Ireland (25 MW).

43 Cost considerations include cost of infrastructure such as 
sub-stations or grid connection points as well as licencing and 
permitting costs.

44 Fantanele-Cogealac wind farm in Romania, per Morris and 
Runyon, , op. cit. note 34; “Caithness Shepherds Flat Commences 
Official Operations; Becomes One of the World’s Largest Wind 
Farms,” PRNewswire.com, 22 September 2012.

45 Clients from Sarasin, “Working Towards a Cleaner and Smarter 
Power Supply: Prospects for Renewables in the Energy 
Revolution” (Basel, Switzerland: December 2012); Australia et 
al. from Stefan Gsänger, WWEA, Bonn, personal communication 
with REN21, 29 February 2012; Europe also from Richard 
Cowell, “Community Wind in Europe – Strength in Diversity?” 
WWEA Quarterly Bulletin, December 2012, pp. 10–15, and 
from Tildy Bayar, “Community Wind Arrives Stateside,” 
RenewableEnergyWorld.com, 5 July 2012.

46 Iowa projects (1.6–3.2 MW in size) from AWEA, “American wind 
power reaches 50-gigawatt milestone: 2012 sets red-hot pace, 
but layoffs hit supply chain amid policy uncertainty for 2013,” 
Wind Energy Weekly, 10 August 2012; Australia from Taryn Lane 
(Hepburn Wind & Embark), “Community Wind: The Australian 
Context,” WWEA Quarterly Bulletin, September 2012, pp. 22–25.

47 Shota Furuya, Institute for Sustainable Energy Policies, “Energy 
Policy Reform and Community Power in Japan,” WWEA Quarterly 
Bulletin, September 2012, pp. 26–29.

48 Stefan Gsänger, WWEA, Bonn, personal communication with 
REN21, 1 April 2013.

49 Drivers from Andrew Kruse, Southwest Windpower Inc., personal 
communication with REN21, 21 May 2011; from Andrew Kruse, 
Endurance Wind Power Inc., Surrey, Canada, personal communi-
cation with REN21, 21 April 2013; and from WWEA, Small World 
Wind Power Report 2013 (Bonn: March 2013), Summary. Feed-in 
tariffs in the United Kingdom, Italy, Canada, and the United States 
are driving the distributed-scale market. The most common is the 
50 kW class, which is often used by rural farmers to both offset 
energy production and for investing, per Kruse, Endurance Wind 
Power Inc., op. cit this note.

50 Off-grid and mini-grid from WWEA, op. cit. note 49, and from 
Simon Rolland, “Campaigning for Small Wind—Facilitating 
Off-Grid Uptake,” Renewable Energy World, March-April 2013, pp. 
47–49.

51 Pike Research, “Small Wind Power,” www.pikeresearch.com/
research/small-wind-power, viewed March 2013; WWEA, op. cit. 
note 49.

52 Kruse, Endurance Wind Power Inc., op. cit. note 49.

53 Ibid.

54 Note that the total excludes data for Italy and India, both of which 
are important markets, per WWEA, op. cit. note 49.

55 WWEA, op. cit. note 49; WWEA, “WWEA Releases the 2013 Small 
Wind World Report Update,” press release (Husum/Bonn: 21 
March 2013). 

56 AWEA, op. cit. note 7.

57 WWEA, op. cit. note 49.

58 More than 2.6% is a 2013 forecast based on 2012 installed 
capacity, per Navigant’s BTM Consult, op. cit. note 1; more than 
3% from Gsänger, op. cit. note 48.

59 EWEA, op. cit. note 21.

60 Unless otherwise noted, 2012 data from EWEA, op. cit. note 21; 
Denmark 2012 data from GWEC, op. cit. note 1, p. 34; Portugal 
2012 and 2011 data from APREN - Portuguese Renewable Energy 
Association and from Redes Energéticas Nacionais (REN), “Dados 
Técnicos Electricidade 2012,” at www.centrodeinformacao.ren.
pt/PT/InformacaoTecnica/Paginas/DadosTecnicos.aspx; Germany 
from BMU, op. cit. note 25; 2011 data for Denmark, Spain, and 
Ireland from EWEA, op. cit. note 21. Spain covered an average of 
17.2% of its production with wind, and Denmark covered 29.5%, 
per MERCOM, Market Intelligence Report, “Wind Energy,” 5 
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February 2013. The output in Spain over a 100-day period from 
November to early February averaged 26% of total electricity, 
enough to cover all households in Spain, per Spanish Wind Energy 
Association, cited in National Public Radio, Morning Edition, 
“Spain’s Wind Farms Break Energy Record,” 8 February 2013, at 
www.npr.org.

61 German states included Mecklenburg-Vorpommern (54.3%), 
Sachsen-Anhalt (49.8%), Schleswig-Holstein (49.5%), and 
Brandenburg (49.3%); in addition, Niedersachsen is at 25.5% 
of its electricity needs, all based on year-end capacity and from 
Ender, op. cit. note 1, p. 38; South Australia from Giles Parkinson, 
“Wind, Solar Force Energy Price Cuts in South Australia,” 
RenewEconomy.com, 3 October 2012.

62 Figure of 3.5% of U.S. generation from EIA, op. cit. note 13; 2011 
share of generation from AWEA, “Annual industry report preview: 
supply chain, penetration grow,” Wind Energy Weekly, 30 March 
2012; state 2012 data from AWEA, “Wind Now 10% of Electricity 
in Nine States, Over 20% in Iowa, South Dakota,” Wind Energy 
Weekly, 15 March 2013; AWEA, op. cit. note 7. Note that AWEA 
statistics counted all MWh generated in a state as going to that 
state.

63 Bloomberg New Energy Finance (BNEF), “Wind turbines prices 
fall to their lowest in recent years,” press release (London and New 
York: 7 February 2011); materials included steel and cement, per 
IRENA, Renewable Power Generation Costs in 2012: An Overview 
(Abu Dhabi: January 2013), p. 31; BNEF, “Onshore wind energy 
to reach parity with fossil-fuel electricity by 2016,” press release 
(London and New York: 10 November 2011); JRC Scientific and 
Technical Reports, 2011 Technology Map of the European Strategic 
Energy Technology Plan (Petten, The Netherlands: Institute for 
Energy and Transport, JRC, European Union, 2011); Ryan Wiser et 
al., “Recent developments in the levelized cost of energy from U. 
S. wind power projects” (Golden, CO: National Renewable Energy 
Laboratory (NREL), February 2012). 

64 David Appleyard,” Supply Chain Quality Play – Industry Switches 
to Oversupply,” Renewable Energy World, Wind Technology 
Supplement, March-April 2012, pp. 5–7; “Vestas Sells Factory to 
Titan Wind Energy,” Reuters, 13 June 2012; GWEC, op. cit. note 1.

65 Estimate of 20–25% in western markets and more than 35% in 
China (compared with 2008 peak prices) from BTM Consult—A 
Part of Navigant, “Preliminary Data Indicates Change in Global 
Wind Turbine OEM Market Leader,” press release (Chicago, IL: 
11 February 2013); average global decline of 25% from Eduardo 
Tabbush, BNEF, cited in Stephan Nielsen, “Uruguay Boosts Wind-
power Estimate to 1,000 Megawatts by 2015,” Bloomberg, 21 
June 2012, at www.renewableenergyworld.com. Preliminary data 
suggest that quotes in the United States fell about 25% relative to 
peak prices, per IRENA, op. cit. note 63, p. 31. Over the two years 
leading up to late 2012, the price of onshore wind turbines fell by 
10–15%, per Sarasin, op. cit. note 45. Data from CWEA suggest 
that turbine prices in China stabilised in 2011, per Michael Taylor, 
IRENA, personal communication with REN21, April 2013, with 
reference to IRENA, op. cit. note 63, p. 31.

66 Data analyzed by BNEF and from a survey of 38 developers and 
service providers in more than 24 markets showed that operations 
and maintenance contracts for onshore wind farms fell from EUR 
30,900/MW in 2008 to EUR 19,200/MW in 2012, per Louise 
Downing, “Wind Farm Operating Costs Fall 38% in Four Years, 
BNEF Says,” Bloomberg, 1 November 2012, at www.renewa-
bleenergyworld.com.

67 In Australia, unsubsidised renewable energy is now cheaper 
than electricity from new-build coal- and gas-fired power 
stations (including cost of emissions under new carbon pricing 
scheme), per BNEF, “Renewable energy now cheaper than new 
fossil fuels in Australia,” 7 February 2013, at http://about.bnef.
com/2013/02/07/renewable-energy-now-cheaper-than-new-
fossil-fuels-in-australia/. The best wind projects in India can 
generate power and the same costs as coal-fired power plants 
and cheaper in some locations, per Ravi Kailas, CEO of India’s 
third-largest wind farm developer, cited in Natalie Obiko Pearson, 
“Wind Installations ‘Falling Off a Cliff’ in India,” Bloomberg, 26 
November 2012, at www.renewableenergyworld.com; cheaper 
in some locations from Greenko Group Plc, cited in Natalie Obiko 
Pearson, “In Parts of India, Wind Energy Proving Cheaper Than 
Coal,” Bloomberg, 18 July 2012, at www.renewableenergyworld.
com; United States from Michael Taylor, IRENA, personal 
communication with REN21, April 2013. Note that a recent study 
concluded that, although wind power has higher upfront costs in 
EUR/MWh than natural gas, the net cost of wind is lower than that 

of combined-cycle gas turbines, per Ernst & Young, “Analysis of 
the value creation potential of wind energy policies,” July 2012, at 
www.ey.com.

68 Offshore wind remains about twice as expensive as onshore, 
according to BNEF, and is 26–75% more expensive (assuming 
15% higher capacity factor), according to IRENA; both cited 
in Robin Yapp, “Offshore Wind Embarks Beyond Europe,” 
RenewableEnergyWorld.com, 31 December 2012. In western 
countries, offshore costs about 2.3 times more than onshore, per 
Navigant’s BTM Consult, op. cit. note 1.

69 GE had a 15.5% share of the world market and Vestas 14%, 
per Navigant’s BTM Consult, op. cit. note 1. Note that Make 
Consulting of Denmark puts Vestas in the lead with 14.6% com-
pared with GE’s 13.7%, per Alex Morales, “Vestas Vies with GE for 
Wind Market Lead in Rival Studies,” RenewableEnergyWorld.com, 
26 March 2013.

70 Navigant’s BTM Consult, op. cit. note 1. Note that Make 
Consulting puts Siemens third (10.8%), followed by Gamesa 
(8.2%), Enercon (7.8%) and Suzlon (6.5%), per Morales, op. cit. 
note 69.

71 Navigant’s BTM Consult, op. cit. note 1. Make Consulting’s ranking 
of the final four (all Chinese) in the same, per Morales, op. cit. note 
69. Figure 20 based on Navigant’s BTM Consult, op. cit. note 1.

72 Figure of 550 from AWEA, op. cit. note 7; the share was up from 
35% in 2005–2006, and from 60% in 2010 to 67% in 2011, 
per Ryan Wiser et al., 2011 Wind Technologies Market Report, 
prepared for NREL (Golden, CO: August 2012), p. v. According to 
data from the U.S. International Trade Commission and analysis 
from the U.S. Department of Energy, the domestic content of 
wind turbines was less than 25% prior to 2005 and approximately 
67% at the end of 2011, cited in AWEA, op. cit. note 7; transport 
costs from AWEA, cited in “U.S. Wind Manufacturing,” Renewable 
Energy World, November-December 2012, p. 61.

73 GWEC, op. cit. note 29. The United Kingdom, for example, added 
significant manufacturing capacity for on- and offshore wind in 
2012, per GWEC, op. cit. note 1, p. 64. 

74 Brazil from Morris and Runyon, op. cit. note 34; India from GWEC, 
op. cit. note 1, p. 44. Another source puts India’s total at 24, 
nearly double the number in 2010, from Indian Wind Turbine 
Manufacturers Association (IWTMA) data, cited in Natalie Obiko 
Pearson, “GE Wind Indian Wind Share as Suzlon, Vestas Suffer 
Market Shift,” Bloomberg, 12 November 2012, at www.renewa-
bleenergyworld.com.

75 Rising costs, overcapacity, and reduced support from “Vestas 
Sells Factory to Titan Wind energy,” op. cit. note 64. For 
example, Siemens delayed a turbine factory in Hull, U.K., and 
eliminated a number of jobs, from Ben Warren and Klair White, 
Ernst and Young, “Renewable Energy Review: United Kingdom,” 
RenewableEnergyWorld.com, 1 January 2013, and from Richard 
Weiss, “Siemens to Cut 615 US Wind Energy Jobs as New Orders 
Dry Up,” Bloomberg, 19 September 2012, at www.renewableen-
ergyworld.com; turbine maker Fuhrländer filed for bankruptcy, per 
BNEF, “Europe Skirmishes With America on Airline Emissions, and 
With China on Solar,” Energy: Week in Review, 18–24 September 
2012. 

76 Carl Levesque, “U.S. wind energy layoffs continue in Colorado, 
Iowa as federal policy uncertainty continues” in AWEA, Wind 
Energy Weekly, August 24, 2012; also, BP announced in early 
2013 its intention to exit the U.S. wind industry, following its exit 
from solar a year earlier, per James Montgomergy, “BP Selling 
US Wind Unit, Pares Renewable Energy Interests to Fuels,” 
RenewableEnergyWorld.com, 3 April 2013.

77 Restructure from Pearson, op. cit. note 67; layoffs from Nichola 
Groom, “Tax break extension breathes new life into U.S. wind 
power,” Reuters, 3 January 2013; Alex Morales and Stefan Nicola, 
“Vestas, Gamesa Advance After U.S. Extends Wind Power Tax 
Break,” Bloomberg, 2 January 2013, at www.renewableener-
gyworld.com; kW machines from “More job losses at Vestas 
as it closes China factory and restructures Asia businesses,” 
RenewableEnergyFocus.com, 27 June 2012.

78 “Sinovel to Put 351 Workers on Leave Amid Slump in Turbine 
Sales,” Bloomberg.com, 15 November 2012; edge of collapse 
from Appleyard, op. cit. note 64, pp. 5–7; overcapacity and 
smaller manufacturers from GWEC, op. cit. note 1.

79 BNEF, op. cit. note 75; Natalie Obiko Pearson and Anurag Joshi, 
“Wind Turbine Manufacturer Suzlon to Default on Bond Debt,” 
Bloomberg, 11 October 2012, at www.renewableenergyworld.
com.
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80 Navigant’s BTM Consult, “Preliminary Data Indicates Change in 
Global Wind Turbine OEM Market Leader,” press release (Chicago, 
IL: 11 February 2013). For example, Suzlon (India) plans to build in 
Brazil and South Africa, per BNEF, “Star shines bright for China as 
Europe’s subsidies fade,” Energy: Week in Review, 9–16 July 2012.

81 Package deals from Stephan Nielsen, “China Grabs Share in 
Latin America Wind with Cheap Loans,” Bloomberg.com, 20 
November 2012; subsidiaries and partnerships from Elisa 
Wood, “China Focuses on Overseas Wind Partnerships,” 
RenewableEnergyWorld.com, 2 October 2012.

82 Navigant’s BTM Consult, op. cit. note 80.

83 Longer blades and lower wind speeds from David Appleyard, 
“Turbine Tech Turn Up: Machines for an Evolving Market,” 
RenewableEnergyWorld.com, 19 June 2012. Concrete is cheaper 
than steel and can be manufactured locally; Enercon has 
manufactured its own concrete rings for several years, and JUWI 
and Acconia Windpower are starting to opt for concrete, using 
it in Spain, Latin America, and United States. Concrete has the 
potential to reduce tower costs by 30–40%, from Crispin Aubrey, 
“Towers: Concrete Challenges Steel,” Wind Directions, September 
2012, pp. 48–50, and from AWEA, op. cit. note 13; carbon fibre 
for blades from David Appleyard and Dan Shreve, “Wind Turbine 
Blades,” Renewable Energy World, March-April 2012, p. 8.

84 Gamesa, “Gamesa launches a new turbine, the G114-2.0 MW: 
maximum returns for low-wind sites,” press release (Vizcaya, 
Spain: 12 April 2012); Suzlon 2.1 MW S111 low-wind turbine from 
David Appleyard, “New Turbine Technology: Key Players On- and 
Offshore,” RenewableEnergyWorld.com, 11 April 2013; GE, “GE 
Developing Wind Blades That Could Be the “Fabric” of Our Clean 
Energy Future,” press release (Niskayuna, NY: 28 November 
2012). Turbines for low-wind sites have enabled capacity factors 
to be maintained, or even raised, even as less-ideal wind resource 
sites are developed.

85 Automated from James Lawson, “Blade Materials,” Renewable 
Energy World, Wind Technology Supplement, May-June 2012, pp. 
5–6; shift back from Navigant’s BTM Consult, op. cit. note 80.

86 Average size delivered to market (based on measured rated 
capacity) was 1,847 kW in 2012, up an average 170 kW over 2011, 
from Navigant’s BTM Consult, op. cit. note 1. 

87 Germany from MERCOM, op. cit. note 60; Denmark (3,080 kW), 
United States (1,930 kW), China (1,646 kW), and India (1,229 kW) 
from Navigant’s BTM Consult, op. cit. note 1.

88 Offshore Europe’s increase based on 3.5 MW average size turbine 
connected to the grid during 2011 from EWEA, The European 
Offshore Wind Industry: Key 2011 Trends and Statistics (Brussels: 
January 2012), p. 15; and on 4 MW average in 2012 from EWEA, 
The European Offshore Wind Industry – Key Trends and Statistics 
2012 (Brussels: January 2013), p. 3; 31 countries from EWEA, 
idem, p. 4.

89 Most manufacturers and 7.5 GW from JRC Scientific and Technical 
Reports, op. cit. note 63. Note that Siemens introduced a 6 MW 
direct-drive machine for the offshore market in 2011, and Vestas 
and Mitsubishi announced production of 7 MW machines, while 
Enercon is offering a 7.5 MW machine exclusively for on-shore use. 
Vestas has a multi-stage gear drive, and Mitsubishi a hydraulic 
drive, per Steve Sawyer, GWEC, technology contribution to REN21, 
March 2012; Enercon from “E-126 / 7.5 MW,” www.enercon.de/
en-en/66.htm; Stefan Gsänger, WWEA, personal communication 
with REN21, May 2012. Even larger turbines based on Siemens 
testing a 6 MW machine and considering developing a 10 MW 
turbine, from Stefan Nicola and Gelu Sulugiuc, “Vestas and 
Mitsubishi Planning to  Build Biggest Offshore Wind Turbine,” 
Bloomberg, 27 November 2012, at www.renewableenergyworld.
com; Vestas announced plans to develop an 8 MW machine with 
Mitsubishi Heavy Industries and DONG Energy for offshore use, 
from idem, and from Vestas, “DONG Energy advances its involve-
ment in Vestas’ prototype testing of the V164-8.0 MW turbine in 
Østerild” (Aarhus: 11 December 2011).

90 “REpower Commissions its Tallest Wind Turbine,” Renewable 
Energy Focus, July/August 2012, p. 10; also getting higher from 
AWEA, cited in David Shaffer, “Wind Farm Towers Rise to New 
Heights, With More Power,” IndependentMail.com, 12 September 
2012; “Siemens Unveils ‘World’s Longest’ Wind Turbine Blade,” 
RenewableEnergyFocus.com, 14 June 2012.

91 In Europe, average water depth for new wind farms was slightly 
lower than in 2011, but these trends continue in general, from 
EWEA, op. cit. note 88.

92 Yoshinori Ueda, Japan Wind Energy Association and Japan 

Wind Power Association, personal communication with REN21, 
14 February 2013. The United States and United Kingdom 
announced plans in 2012 to develop floating offshore turbines, per 
“Wind Updates – UK-US Boost Floating Tech,” Renewable Energy 
World, Wind Technology Supplement, May-June 2012, p. 20.

93 EWEA, op. cit. note 88, p. 3.

94 Frank Wright, “Offshore Potential – Five Years to Grow 
Offshore Wind,” Renewable Energy World, September-October 
2012, pp. 85–88. Korea’s largest ship builders—including 
Daewoo Shipbuilding and Marine Engineering, Hyundai Heavy 
Industries, Samsung Heavy Industries, and STX shipbuild-
ing—are moving onto wind power, building five installation 
vessels for offshore wind facilities, per Korea Wind Energy 
Industry Association, cited in “Korea Shifts to a Wind Energy 
Powerhouse,” 27 June 2012, at www.evwind.es/2012/06/27/
korea-shifts-to-a-wind-energy-powerhouse/19402/.

95 Pike Research, op. cit. note 51. By the end of 2011, more than 
330 manufacturers around the world offered commercial systems 
and more than 300 companies supplied parts and services, per 
WWEA, op. cit. note 49.

96 WWEA, op. cit. note 49.

97 Natalie Obiko Pearson, “RRB Energy Targets African Market 
with Smaller Wind Turbines,” Bloomberg, 24 July 2012, at www.
renewableenergyworld.com.

98 Bayar, op. cit. note 45.

statUs of rEnEwaBLE EnErgy tECHnoLogiEs: 
CHaraCtEristiCs anD Costs
1 POWER SECTOR 

Biomass power: Bioenergy levelised costs of energy for power 
generation vary widely with costs of biomass feedstock (typically 
USD 0.50–9/GJ), complexity of technologies, plant capacity factor, 
size of plant, co-production of useful heat (CHP), regional 
differences for labour costs, life of plant (typically 30 years), 
discount rate (typically 7%), etc. In some non-OECD countries, lack 
of air emission regulations for boilers means capital costs are lower 
due to lack of control equipment. So before developing a new 
bioenergy plant, individual cost analysis is essential. Details of cost 
analyses can be found at: IRENA, Renewable Power Generation 
Costs in 2012 – An Overview (Abu Dhabi: 2013); Frankfurt School 
– UNEP Collaborating Centre for Climate & Sustainable Energy 
Finance and Bloomberg New Energy Finance (BNEF), Global 
Trends in Renewable Energy Investment 2012 (Frankfurt: 2012); 
Intergovernmental Panel on Climate Change (IPCC), Special Report 
on Renewable Energy Resources and Climate Change Mitigation 
(Cambridge, U.K. and New York: 2011); Joint Research Centre of 
the European Commission (JRC), 2011 Technology Roadmap of the 
European Strategic Energy Technology Plan (Petten, The 
Netherlands: 2011).  
Geothermal power: Capacity factor and per kWh costs from IPCC, 
op. cit. this note, pp. 425–26 and 1004–06. Cost ranges are for 
greenfield projects, at a capacity factor of 74.5%, a 27.5-year 
economic design lifetime, assuming a discount rate of 7%, and 
using the lowest and highest investment cost, respectively; capital 
cost range was derived from IPCC (condensing flash: USD 
2,110–4,230; binary: USD 2,470–6,100) and from worldwide 
ranges (condensing flash: USD 2,075–4,150; and binary: USD 
2,480–6,060) for 2009 from C.J. Bromley, et al., “Contribution of 
geothermal energy to climate change mitigation: The IPCC 
renewable energy report,” in Proceedings World Geothermal 
Congress 2010, Bali, Indonesia, 25–30 April 2010, at www.
geothermal-energy.org/pdf/IGAstandard/WGC/2010/0225.pdf. (All 
monetary units converted from USD 2005 to USD 2012 dollars.) 
IRENA estimates the LCOE of a typical project to be USD 
0.09–0.14/kWh, per IRENA, op. cit. this note, p. 17. In 2010, the 
International Energy Agency (IEA) estimated the LCOE of a binary 
plant to be USD 0.08–0.11/kWh, per IEA Energy Technology 
Systems Analysis Programme, Geothermal Heat and Power, 
Technology Brief E07 (Paris: May 2010), Table 5.  
Hydropower: Characteristics based on IPCC, op. cit. this note, and 
on Arun Kumar, Alternate Hydro Energy Centre, Indian Institute of 
Technology Roorkee, personal communication with REN21, March 
2012. For grid-based projects, capital cost ranges and LCOE for 
new plants of any size provided in table are from IEA, Deploying 
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Renewables: Best and Future Policy Practice (Paris: 2011). Note 
that IPCC, op. cit. this note, estimates capital costs in the range of 
USD 1,175–3,500, and LCOE in the range USD 0.021–0.129/kWh 
assuming a 7% discount rate. IRENA notes a LCOE range of USD 
0.012–0.19/kWh for projects larger than 1 MW, with 80% of 
evaluated projects in the range of USD 0.018–0.085/kWh, and a 
median of USD 0.05/kWh, from IRENA, op. cit. this note, p. 46. 
Investment costs for hydropower projects can be as low as USD 
400–500/kW, but most realistic projects today are in the range of 
USD 1,000–3,000 per kW, per IPCC, op. cit. this note, p. 1006. 
Off-grid capital costs and LCOE from REN21, Renewables 2011 
Global Status Report (Paris: 2011). Note that the cost for 
hydropower plants is site-specific and may have large variations. 
Small capacity plants in some areas even may exceed these limits. 
The cost is dependent on several factors especially plant load 
factor, discount rate, and life of the project. Normally, small-
scale hydro projects last 20–50 years compared to large-scale 
hydro plants, which may last 30–80 years. Hydro facilities that are 
designed to be load-following (rather than baseload) have lower 
capacity factors and therefore higher generation costs per kWh, on 
average.  
Ocean Energy: All data are from IPCC, op. cit. this note. Note that 
this is based on a very small number of installations to date; LCOE 
range assumes a 7% discount rate. Electricity generation costs are 
in the range of USD 0.31–0.39/kWh (EUR 0.24–0.30/kWh), from 
Sarasin, Working Towards a Cleaner and Smarter Power Supply: 
Prospects for Renewables in the Energy Revolution (Basel, 
Switzerland: December 2012), p. 11.  
Solar PV: Rooftop solar systems: peak capacities are based on 
Europe and drawn from European Photovoltaic Industry Association 
(EPIA), Market Report 2011 (Brussels: January 2012), and from 
EPIA, personal communication with REN21, 3 April 2012. Capacity 
factor from IRENA, op. cit. this note, p. 56. Note that values outside 
of this range are possible for exceptional sites (higher) or where 
siting is suboptimal (lower); adding tracking systems can raise 
these capacity factors significantly, from IRENA, idem. Capital 
costs based on: average of EUR 1,750/kW (using exchange rate of 
EUR 1 = USD 1.3) for residential systems up to 10 kWp, in fourth 
quarter of 2012, from German Solar Industry Association 
(BSW-Solar), “Statistic Data on the German Solar Power 
(Photovoltaic) Industry,” February 2013, at www.solarwirtschaft.
de; U.S. range of 4,300–5,000 by end of 2012, with low end being 
average cost for non-residential systems (USD 5.04/W) and high 
end being average cost for residential systems (USD 4.27/W), from 
U.S. Solar Energy Industries Association (SEIA) and GTM Research, 
“U.S. Solar Market Grows 76% in 2012; Now an Increasingly 
Competitive Energy Source for Millions of Americans Today,” press 
release (Washington, DC and Boston, MA: 14 March 2013); Japan 
based on average of about 437,000 JPY/kW for systems of 10–50 
kW, and about 375,000 JPY/kW (converted using JPY 1 = USD 
0.099) for systems of 50–500 kW, from Japanese Ministry of 
Economy, Trade and Industry (METI), “Procurement Prices 
Calculation Committee,” www.meti.go.jp/committee/gizi_0000015.
html (in Japanese); typical global range for industrial systems 
based on EUR 1,150–2,000/kW (converted using EUR 1 = USD 
1.3), from Gaëtan Masson, EPIA and IEA Photovoltaic Power 
Systems Programme (IEA-PVPS), personal communication with 
REN21, April 2013. Note that costs were down significantly from 
the second quarter of 2012, when capital costs in Germany for 
fixed-tilt rooftop systems averaged USD 2,200/kW, and in the 
United States average prices for residential systems were USD 
5,500/kW, with a range of USD 4,000–8,000, per IRENA, op. cit. 
this note, pp. 7, 54, 55. Note that the IEA puts capital costs for 
small-scale systems in the range of USD 2,400–6,000/kW, per IEA, 
Tracking Clean Energy Progress 2013 (Paris: OECD/IEA, 2013), p. 
30. LCOE costs for OECD and non-OECD are 2012 USD, from 
lowest to highest, and based on 7% cost of capital, from IRENA, op. 
cit. this note, from IRENA Renewable Cost Database, 2013, and 
from Michael Taylor, IRENA, personal communication with REN21, 
May 2013; Europe based on costs in the range of EUR 0.12–0.29/
kWh (converted using EUR 1 = USD 1.3) for residential, commer-
cial, and industrial projects in the south and north of France, 
Germany, Italy, Spain, and the United Kingdom, from EPIA 
database, provided by Masson, op. cit. this note. Ground-mounted 
utility-scale systems: peak capacity from EPIA, Market Report 
2011, op. cit. this note, from David Renne, International Solar 
Energy Society (ISES), personal communication with REN21, April 
2013, and from Denis Lenardic, pvresources.com, personal 
communication with REN21, April 2013; also see relevant section 
and endnotes in Market and Industry Trends by Technology. 
Conversion efficiency low of 10% is for amorphous silicon and high 
of 30% is for concentrating PV, from Gaetan Masson, EPIA and 

IEA-PVPS, personal communication with REN21, 21 March 2013. 
Note that conversion efficiency for ground-mounted utility-scale 
was noted as 15–27% in EPIA, Market Report 2011, op. cit. this 
note. Capital costs based on the following: typical global costs 
based on 1,000–1,500 Euros/kW (converted using EUR 1 = USD 
1.3) from Masson, April 2013, op. cit. this note; USD 2,270/kW was 
the weighted average in the United States at the end of 2012, from 
SEIA and GTM Research, op. cit. this note; Japan based on average 
capital cost of 280,000 JPY/kW (converted using JPY 1 = USD 
0.099) for systems over 1 MW, from Japanese METI, op. cit. this 
note; and China (USD 2,200/kW) and India (USD 1,700/kW) from 
IRENA, op. cit. this note, pp. 54–55. Note that the U.S. range in the 
second quarter of 2012 was USD 2,000–3,600, with a capacity 
weighted average of USD 2,900/kW, from IRENA, op. cit. this note. 
Also note that the IEA puts capital costs for large-scale systems in 
the range of USD 1,300–3,500/kW, from IEA, Tracking Clean 
Energy…, op. cit. this note, p. 30. LCOE based on the following: 
OECD and non-OECD cost ranges are 2012 USD, with 7% discount 
rate, from IRENA, Renewable Power Generation Costs in 2012…, 
op. cit. this note, from IRENA Renewable Cost Database, 2013, and 
from Michael Taylor, IRENA, personal communication with REN21, 
May 2013; Europe based on LCOE in the range of EUR 0.11–0.26/
kWh (using exchange rate of EUR 1 = USD 1.3) for ground-
mounted systems in the south and north of France, Germany, Italy, 
Spain, and the United Kingdom, from EPIA database, provided by 
Masson, op. cit. this note. Note that the LCOE in Thailand is 
estimated to be in the range of USD 0.15–0.18/kWh, based on 
input from project developers and former Thai Minister of Energy 
Piyasvasti Amranand, per Chris Greacen, Palang Thai, personal 
communication with REN21, April 2013. While PV module prices 
are global, balance of system costs are much more local. Also, note 
that prices have been changing rapidly.  
CSP: Characteristics including plant sizes from European Solar 
Thermal Electricity Association (ESTELA), personal communication 
with REN21, 22 March 2012 and 24 January 2013; from 
Protermosolar, the Spanish Solar Thermal Electricity Industry 
Association, April 2012; and based on parabolic trough plants that 
are typically in the range of 50–200 MW; tower 20–70 MW; and 
Linear Fresnel in the range of 1–50 MW, per Bank Sarasin, Solar 
Industry: Survival of the Fittest in the Fiercely Competitive 
Marketplace (Basel, Switzerland: November 2011). Note that 
multiple systems can be combined for higher-capacity plants. 
Capacity factors based on ESTELA, op. cit. this note, and on 
Michael Mendelsohn, Travis Lowder, and Brendan Canavan, 
Utility-Scale Concentrating Solar Power and Photovoltaics Projects: 
A Technology and Market Overview (Golden, CO: U.S. National 
Renewable Energy Laboratory (NREL), April 2012); on 20–28% 
capacity factor for plants without storage and 40–50% for plants 
with 6–7.5 hours storage, from U.S. Department of Energy, 
SunShot Vision Study, prepared by the NREL (Golden, CO: February 
2012), p. 105; on 20–30% for parabolic trough plants without 
storage and 40% to as high as 80% for tower plants with 6–15 
hours of storage, from IRENA, Renewable Power Generation Costs 
in 2012…, op. cit. this note, p. 19; and on the capacity factor of 
parabolic trough plants with six hours of storage, in conditions 
typical of the U.S. Southwest estimated to be 35–42%, per IPCC, 
op. cit. this note, pp. 1004, 1006. Note that the Gemasolar plant, 
which began operation in Spain in 2011, has storage for up to 15 
hours, per Torresol Energy, “Gemasol,” www.torresolenergy.com/
TORRESOL/gemasolar-plant/en. Capital costs based on: U.S. 
parabolic trough and tower plants without storage in the range of 
USD 4,000–6,000/kW, and trough and towers with storage in the 
range of USD 7,000–10,000/kW, from U.S. Department of Energy, 
Loans Programs Office, www.lgprogram.energy.gov, provided by 
Fred Morse, Abengoa Solar, personal communication with REN21, 
April 2013; and on parabolic trough plants with storage capital 
costs of USD 4,700–7,300/kW in OECD countries, and 3,100–
4,050/kW in non-OECD (based on costs of five projects), and costs 
with storage all from IRENA, Renewable Power Generation Costs in 
2012…, op. cit. this note, pp. 19, 59–60; and on range of about 
3,900–8,000/kW from IEA, Tracking Clean Energy…, op. cit. this 
note. LCOE estimates in table all assume a 10% cost of capital and 
come from IRENA, Renewable Power Generation Costs in 2012…, 
op. cit. this note, p. 65. Other LCOE estimates include: range of 
USD 0.12–0.16/kWh from GTM Research, Concentrating Solar 
Power 2011: Technology, Costs and Markets (Boston: 15 February 
2011); range of USD 0.19–0.29/kWh (assuming a 7% discount 
rate) from IPCC, op. cit. this note, p. 1004, assuming 7% discount 
rate; and EUR 0.15–0.20/kWh per ESTELA, The Essential Role for 
Solar Thermal Electricity (Brussels: October 2012), p. 3.  
Wind power: Characteristics based on the following: turbine sizes 
from JRC, 2011 Technology Map…, op. cit. this note; on- and 
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offshore capacity factors from IPCC, op. cit. this note, p. 1005; and 
from IRENA, Renewable Power Generation Costs in 2012…, op. cit. 
this note, p. 36. Note that weighted average capacity factors range 
from around 25% for China to an average 33% in the United States 
(with a range of 18–53%); ranges in Africa and Latin America are 
similar to the United States, whereas ranges in Europe are closer to 
China. Curtailments in China due to grid constraints put the 
average capacity factor for dispatched generation closer to 20%, all 
from IRENA, Renewable Power Generation Costs in 2012…, op. cit. 
this note, p. 36. Capital costs for onshore wind based on: range of 
USD 1,750–2,200/kW in major OECD markets in 2011, and 
average U.S. costs in the first half of 2012 around USD 1,750/kW 
(and as low as USD 1,500/kW), from IRENA, Renewable Power 
Generation Costs in 2012…, op. cit. this note, pp. 18, 32–37; on 
Navigant’s BTM Consult, International Wind Energy Development: 
World Market Update 2012 (Copenhagen: 2013); on a range of 
about USD 1,250–2,300/kW from IEA, Tracking Clean Energy…, 
op. cit. this note; and on R. Wiser and M. Bolinger, 2011 Wind 
Technologies Market Report (Washington, DC: U.S. Department of 
Energy, Office of Energy Efficiency and Renewable Energy, 2012). 
LCOE for onshore wind assume 7% discount rate and are from 
IRENA, Renewable Power Generation Costs in 2012…, op. cit. this 
note, p. 37; IRENA Renewable Cost Database, 2013, and from 
Michael Taylor, IRENA, personal communication with REN21, May 
2013; also based on range of USD 0.04–0.16 U.S. cents/kWh from 
IEA, Deploying Renewables…, op. cit. this note. Note that the 
lowest-cost onshore wind projects have been installed in China; 
higher costs have been experienced in Europe and the United 
States. Offshore capital costs based on: average costs in the range 
of USD 4,000–4,500/kW from IRENA, Renewable Power 
Generation Costs in 2012…, op. cit. this note, p. 18; on Navigant’s 
BTM Consult, op. cit. this note; and on range of USD 3,000–6,000/
kW from IEA, Tracking Clean Energy…, op. cit. this note. Offshore 
LCOE based on USD 0.15–0.17 assuming a 45% capacity factor, 
USD 0.035/kWh operations and maintenance cost, and 10% cost 
of capital, and on USD 0.14-0.15/kWh assuming a 50% capacity 
factor, from IRENA, Renewable Power Generation Costs in 2012…, 
op. cit. this note, p. 38; also from the low LCOE for offshore wind in 
the OECD is about USD 0.15/kWh and the high is USD 0.23/kWh, 
assuming a 7% discount rate, per IRENA, Renewable Power 
Generation Costs in 2012…, op. cit. this note, p. 37; IRENA 
Renewable Cost Database, 2013, and from Michael Taylor, IRENA, 
personal communication with REN21, May 2013. All small-scale 
wind data from World Wind Energy Association (WWEA), 2012 
Small Wind World Report (Bonn: March 2012). Note that in 2011, 
installed costs of the top 10 small wind turbine models in the 
United States were in the range of USD 2,300–10,000/kW in 2011, 
and the average installed cost of all small-scale wind turbines was 
USD 6,040/kW; in China, the average was USD 1,900/kW, per 
WWEA, Small Wind World Report 2013 (Bonn: March 2013). 
 
HEAT AND COOLING SECTOR 
Biomass heat: Cost variations between heat plants are wide for 
reasons similar to those listed above for bio-power. Further details 
can be found at: Fachagentur Nachwachsende Rohstoff e.V. (FNR), 
“Faustzahlen Biogas,” www.biogasportal.info/daten-und-fakten/
faustzahlen/, viewed May 2013; and Pellet Fuels Institute, 
“Compare Fuel Costs,” http://pelletheat.org/pellets/compare-fuel-
costs/, viewed May 2013.  
Geothermal heat: Geothermal space heating from IPCC, op. cit. 
this note, pp. 427 and 1010–11 (converted from USD 2005 to 
2012), assuming 7% discount rate. Also, for building heating, 
assumptions included a load factor of 25–30%, and a lifetime of 20 
years; and for district heating, the same load factor, a lifetime of 25 
years, and transmission and distribution costs are not included. For 
ground-source heat pumps, IPCC shows capital costs of USD 
(2012) 1,095–4,370/kW, and USD 20–65/GJ assuming 25–30% 
as the load factor and 20 years as the operational lifetime. In 2011, 
IEA indicated a range of USD 439–4,000/kW based on 2007 data 
and operating efficiency of 250–500% (COP of 2.5–5.0), from IEA, 
Technology Roadmap Energy – Efficient Buildings: Heating and 
Cooling Equipment (Paris: OECD/IEA, 2011), Table 5. It is worth 
taking into account that actual LCOH are influenced by electricity 
market prices. Drilling costs are included for commercial and 
institutional installations, but not for residential installations.  
Solar thermal heating: Solar heating plant sizes and efficiency 
rates for hot water systems and combi systems, based on 2007 
data, from IEA, Technology Roadmap…, op. cit. this note, pp. 
12–13, and district heat plant sizes from Werner Weiss, AEE – 
Institute for Sustainable Technologies (AEE-INTEC), Gleisdorf, 
Austria, personal communication with REN21, April 2012. Capital 
costs for OECD new-build and for OECD retrofit (for year 2007) from 

IEA, Technology Roadmap…, op. cit. this note; LCOH for domestic 
hot water, and capital costs and LCOH for China (all converted from 
USD 2005 to USD 2012, and LCOH assuming 7% discount rate) 
from IPCC, op. cit. this note, p. 1010. European district heat capital 
costs from Weiss, op. cit. this note, and from Andreas Häberle, PSE 
AG, Freiburg, personal communication with REN21, 25 April 2013. 
Note that the low of USD 470/kW is for district heat systems in 
Denmark, where costs start at about USD 370/kW (EUR 200/m2) 
and storage costs a minimum of USD 100/kW. LCOH for district 
heat starts USD 11/GJ in Denmark based on EUR 0.03/kWh 
(converted using EUR 1 = USD 1.3), from Häberle, op. cit. this note. 
According to the IEA, the most cost-effective solar district heating 
systems in Denmark have had investment costs in the USD 
350–400/kW range, resulting in heat prices of USD 35–40/MWhth, 
from IEA, Technology Roadmap – Solar Heating and Cooling (Paris: 
OECD/IEA, 2012), p. 21. Industrial process heat data all from 
Häberle, op. cit. this note. LCOH of USD/GJ based on USD 0.4-016/
kWh, from idem.  
Solar cooling: capacity data, efficiency, and capital cost in the 
range of USD 2,925–5,850/kW from Uli Jakob, “Status and 
Perspective of Solar Cooling Outside Australia,” in Proceedings of 
the Australian Solar Cooling 2013 Conference, Sydney, 12 April 
2013. Efficiency based on coefficient of performance (COP) 
ranging from 0.50 to 0.70, depending on the system used and on 
driving, heat rejection, and cold water temperatures. Capital cost 
ranges based on EUR 2,250/kW for large-scale kits to EUR 4,500/
kW for small-scale kits. Low-end of capital costs based on range of 
USD 1,600–3,200/kW for medium- to large-scale systems from 
IEA, Technology Roadmap – Solar Heating and Cooling, op. cit. this 
note, p. 21.  
 
TRANSPORT SECTOR 
Biofuel costs vary widely due to fluctuating feedstock prices (see, 
for example, Agriculture Marketing Resource Center (AgMRC), 
“Tracking Ethanol Profitability,” www.agmrc.org/renewable_
energy/ethanol/tracking_ethanol_profitability.cfm). Costs quoted 
exclude value of any co-products. Data sources include: 
Ernst and Young, Renewable Energy Attractiveness Indices 
(London: November 2012); IRENA analysis (forthcoming 2013); 
JRC, 2011 Technology Roadmap ..., op. cit. this note. 
 
RURAL ENERGY 
Wind capital cost data based on what is representative for Africa, 
from B. Klimbie, “Small and Medium Wind for Off-Grid 
Electrification,” presentation at International Off-Grid Renewable 
Energy Conference and Exhibition (IOREC), 2 November 2012, 
cited in IRENA, Renewable Power Generation Costs in 2012…, op. 
cit. this note, p. 34; LCOE from Alliance for Rural Electrification, 
cited in Simon Rolland, “Campaigning for Small Wind: Facilitating 
Off-Grid Uptake,” Renewable Energy World, March–April 2013, pp. 
47–49. All other data from past editions of REN21, Renewables 
Global Status Report (Paris: REN21 Secretariat, various years).
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Wind turbines on the eastern slopes of 
the San Gorgonio Pass in California, 
United States. Global new investment 
in renewable power and fuels reached 
USD 244 billion in 2012, down 12% 
relative to 2011, due to policy uncer-
tainties and falling costs. The balance 
of investments shifted dramatically, 
with developing countries accounting 
for nearly half of the global total. Pi
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Global new investment in renewable power and fuels was 
USD 244 billion in 2012, down 12% from the previous year’s 
record amount of USD 279 billion.1 i (See Figure 21 and Sidebar 
5.) Despite the setback, the total in 2012 was the second 
highest ever and 8% above the 2010 level. If the unreported 
investments in hydropower projects larger than 50 MW and in 
solar hot water collectors are included, total new investment 
in renewable energy exceeded USD 285 in 2012.ii This is lower 
than the equivalent estimate for 2011, however.

The decline in investment – after several years of growth –
resulted from uncertainty over support policies in Europe and 
the United States, as well as from actual retroactive reductions 
in support. On a more positive note, it also resulted from sharp 
reductions in technology costs.

A major theme of 2012 was a further movement in activity from 
developed to developing economies, although the former group 
still accounted for more than half of global investment. In 2007, 
developed economies invested two-and-a-half times more in 
renewables (excluding large hydro) than developing countries 
did; in 2012, the difference was only 15%. China was once 
again the dominant country for renewable energy investment. 

The other major theme of 2012 was a further, significant reduc-
tion in the costs of solar PV technology. In fact, the continued 
improvements in cost-competitiveness for solar and wind power 
helped to support demand in many markets.

■■ Investment by economy 
The year 2012 saw the most dramatic shift yet in the balance of 
renewable energy investment worldwide, with the dominance 
of developed countries waning and the importance of devel-
oping countries growing. In the developing world, renewable 
energy outlays reached USD 112 billion, up from USD 94 billion 
in 2011, and represented some 46% of the world total (up 
from 34% in 2011 and 37% in 2010). By contrast, outlays by 
developed economies fell sharply (29%), from USD 186 billion 
in 2011 to USD 132 billion in 2012, the lowest level since 2009.

This shift reflects three important trends: a reduction in 
subsidies for wind and solar project development in Europe 
and the United States; increasing investor interest in emerging 
markets that offer both rising power demand and attractive 

03 Investment FLoWs

i This section is derived from Frankfurt School – UNEP Collaborating Centre for Climate & Sustainable Energy Finance (FS-UNEP) and Bloomberg New Energy 
Finance (BNEF), Global Trends in Renewable Energy Investment 2013 (Frankfurt: 2013), 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 generation 
projects of more than 1 MW; all hydro projects of between 1 and 50 MW; all solar power 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 an annual production capacity of 1 million litres or 
more. For more detailed information, please refer to the FS-UNEP/BNEF Global Trends report. 
ii Investment in large hydropower (>50 MW) and solar water collectors is not included in the overall total for investment in renewable energy. BNEF tracks only 
hydropower projects of between 1 MW and 50 MW, and solar water collectors are not included with small-scale projects because they do not generate power.
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2004 2005 2006 2007 2008 2009 2010 2011 2012

EUROPE 112.3

79.9

101.3

74.772.9
61.7

38.4
29.4

19.6

2004 2005 2006 2007 2008 2009 2010 2011 2012

ASOC (excl. China & India)

23.8 29.0
18.113.211.511.08.98.36.7

2004 2005 2006 2007 2008 2009 2010 2011 2012

CHINA

54.7
66.6

40.037.2
25.0

15.810.25.82.6

2004 2005 2006 2007 2008 2009 2010 2011 2012

MIDDLE EAST & AFRICA

3.5
11.5

5.01.72.71.71.20.60.6

2004 2005 2006 2007 2008 2009 2010 2011 2012

BRAZIL

8.6 5.47.97.912.510.3
4.22.20.5

2004 2005 2006 2007 2008 2009 2010 2011 2012

INDIA

13.0
6.58.74.45.26.35.53.22.4

2004 2005 2006 2007 2008 2009 2010 2011 2012

UNITED STATES
54.8

36.034.6
23.3

36.234.5
28.2

11.9
5.7

2004 2005 2006 2007 2008 2009 2010 2011 2012

AMER (excl. USA & Brazil)

8.3 9.511.55.95.65.03.43.41.4

renewable energy resources; and falling technology costs of 
wind and solar PV. 

Several regions of the world experienced a reduction in 
investment in 2012 relative to 2011; the exceptions were Asia 
and the Middle East, the Americas excluding the United States 
and Brazil, and Africa.2 (See Figure 22.) Europe and China 
continued to be the most significant investors; together, they 
accounted for 60% of the world total in 2012, even though it 
was Europe’s weakest year since 2009.

At the national level, the top investors included four developing 
countries (most of the BRICS countries) and six developed 
countries. China was in the lead with USD 64.7 billion invested, 
followed by the United States (USD 34.2 billion), Germany 
(USD 19.8 billion), Japan (USD 16.0 billion), and Italy (USD 
14.1 billion). The next five were the United Kingdom (USD 8.8 
billion), India (USD 6.4 billion), South Africa (USD 5.7 billion), 
Brazil (USD 5.3 billion), and France (USD 4.6 billion).i 

China accounted for USD 66.6 billion (including R&D) of 
renewable energy new investment, up 22% from 2011 levels. It 

was fuelled by strong growth in the solar power sector, including 
both utility-scaleii and small-scale projects (<1 MW). 

In the United States, overall asset finance dropped to USD 23.4 
billion, which is 49% below the 2011 total. This was due primar-
ily to the decline in large solar project financing, from USD 26.7 
billion to USD 6.9 billion, which resulted from the expiration of 
two renewable energy incentives in late 2011. There was a high 
level of wind asset finance in 2011, driven by a rush to install 
projects before expected expiration of the U.S. production tax 
credit at the end of 2012. Due to the time lag between financing 
and construction, this translated into record capacity additions 
in 2012; but the financing of wind rose only 5% in 2012, from 
USD 14.1 billion in 2011 to USD 14.8 billion. 

Although Germany’s total investment in renewables slipped 
35%, it remained the third largest investor, installing far more 
solar PV capacity than any other country, most of it small-scale. 
The value of Germany’s investment in small-scale solar PV 
projects fell by 15% to USD 15 billion, reflecting the sharp 
reductions in module prices during the year. 

i National investment totals do not include government and corporate R&D because such data are not available for all countries.
ii Utility-scale refers to wind farms, solar parks, and other renewable power installations of 1 MW or more in size, and biofuel plants of more than 1 million litres’ 
capacity.

Figure 22. global New iNvestmeNt iN reNewable eNergy by regioN, 2004-2012

Investment in Billion US Dollars

Coloured circles on the map are not to scale.
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Germany invested more than any other country in small-
scale renewables, but there was a fairly narrow gap between 
Germany’s input and investments in Japan and Italy. The United 
States and China took fourth and fifth places for investment in 
small-scale capacity.

Japan’s utility-scale finance jumped 229% to USD 3 billion, and 
the country saw spectacular investment in small-scale projects, 
which grew 56% to USD 13.1 billion. These significant increases 
in both sectors reflect Japan’s decision after the March 2011 
Fukushima nuclear disaster to encourage renewable energy 
deployment more vigorously. Japan’s feed-in tariff (FIT) for solar 
PV installations has been particularly attractive for investors. 

In Italy, investment in renewable energy fell 53% in 2012, to 
USD 14.1 billion. This was due to lower payments under Italy’s 
feed-in tariff and to the strict limits put on the amount of new 
wind and solar power capacity eligible for FIT support. Small-
scale investment accounted for most of this total, at USD 13 
billion.

While investment was down in most leading developed country 
markets, it increased substantially in a number of new markets 
around the world. There is striking momentum in the Middle 
East and Africa, where annual investment in renewable energy 
has risen from less than USD 1 billion in the middle of the last 
decade to USD 11.5 billion in 2012. South Africa experienced 
a stunning leap in 2012, increasing its investment in renewable 
energy from a few hundred million dollars to USD 5.7 billion. 
Elsewhere in Africa, Morocco saw a jump in outlays from USD 
297 million to USD 1.8 billion, while Kenya saw commitments 
rise from almost zero in 2011 to USD 1.1 billion in 2012. 

In Latin America, Brazil continued to be the leading investor 
despite a 38% decline in 2012. But investment in renewable 
energy is growing rapidly elsewhere. Mexico’s investment 
increased more than fivefold, from USD 352 million in 2011 
to USD 2 billion in 2012, and Chile and Peru turned out to be 
attractive new markets. 
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sIDebAR 5. Investment t yPes AnD teRmInoLogy

Investments in renewable energy are made by a range of public 
and private entities and throughout the financing continuum, 
from the birth of an idea or technology, to the construction 
of renewable energy plants, to sale of the companies that 
manufacture renewable energy equipment. Types and levels of 
investment differ depending on the stage in the process:

1. Technology Research: Focused on the development of 
new knowledge and potential products or ideas. Funding 
comes from private and (primarily) public R&D funds looking 
towards a long-term investment horizon with relatively 
uncertain returns. The share of global new investment in 
research in renewables technology in 2012 was about 4%. 

2. Technology Development/Commercialisation: Promising 
ideas or knowledge that emerge from R&D activities are 
developed into commercially viable products, processes, 
or services. Large corporations fund these development 
activities in-house, whereas smaller entities usually must 
raise external financing, typically from high-risk investors 
seeking higher returns such as venture capitalists (VC) 
and, to a limited extent, private equity investors. The share 
of global new investment in technology development and 
commercialisation in 2012 was 1.5%. 

3. Manufacturing: Commercialised technology is produced 
at scale through the mobilisation of assets and the estab-
lishment of manufacturing facilities. Funding for this stage 
is derived from public equity markets (stock markets). The 
share of global new investment in manufacturing in 2012 
was about 1.5%.  

4. Project (Roll-out): The most capital-intensive phase, during 
which technology is installed and commercially operated 
(requiring expenditure on land, permits, and licenses, 
as well as engineering, procurement, and construction). 
Projects are either small-scale distributed capacity (<1 MW) 
or utility-scale projects. Utility-scale project funding typically 
comes from corporate finance (e.g., utility balance sheets) 
or public equity, bonds, and to a limited extent carbon 
markets. The share of global new investment for utility-scale 
project finance was 61%, and for small-scale projects it was 
33%.) 

5. Mergers and Acquisitions (M&A): Refinancing and the 
sale of companies and projects. Merger refers to the 
joining together of two companies to form a new enterprise; 
acquisition is the takeover or purchase of one business or 
company by another.

New investment refers to all money invested in renewable 
energy projects during stages 1–4 (VC, private equity, public 
equity markets, debt markets, etc.). Total investment is a larger 
figure that includes new investment plus M&A activity.

Other Useful Terms:

Asset finance. All money invested in generation projects, 
whether from internal company balance sheets, from debt 
finance, or from equity finance. 

Investment, net and gross. Net investment is investment in 
additional capacity installed. Gross investment also includes 
investment in new capacity that replaces existing capacity. 

Private equity (expansion capital). Equity capital that is 
not publicly traded on a stock exchange or used to advance 
technology, strengthen the balance sheet, or advance other 
needs within a corporation. Private equity expansion capital is 
finance for the growth or expansion of a company to increase 
production capacity or market or product development, or to 
provide additional working capital.

Public markets. Markets organised for trading the equity of 
publicly quoted companies. 

Venture capital (VC). Financial capital invested in early-stage, 
high-potential, and high-risk startup companies in exchange for 
owning equity in those companies.

Source: See Endnote 1 for this section.
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i Includes all waste-to-power technologies, but not waste-to-gas.

■■ Investment by tecHnoLogy
In 2012, solar power was the leading sector by far in terms of 
money committed; at USD 140.4 billion, solar accounted for 
more than 57% of total new investment in renewable energy. 
Wind power was second with USD 80.3 billion, representing 
almost 33%. The remaining 10% of total new investment was 
made up of biomass and waste to energyi (USD 8.6 billion), 
small-scale hydropower (<50 MW) (USD 7.8 billion), biofuels 
(USD 5 billion), geothermal power (USD 2 billion), and ocean 
energy (USD 0.3 billion). With the exception of small-scale 
hydropower and ocean energy, investment in 2012 declined 
relative to 2011 in all renewable sectors tracked by Bloomberg 
New Energy Finance (BNEF), with the biggest setback in 
biofuels.3 (See Figure 23 and Table R9.)

Approximately 96% of investment in the solar sector went 
to solar PV (USD 135.1), with the remaining share going to 
concentrating solar thermal power (CSP) (USD 5.3 billion). 
Solar investment dropped in 2012, due primarily to a slump in 
financing of CSP projects in Spain and the United States (down 
USD 14 billion from 2011), as well as to sharply lower PV system 
prices.

Solar power investment continued to be dominated by devel-
oped economies, which together accounted for 63% of the total 
(down from 80% in 2011).4 Germany, the United States, Japan, 
and Italy were four of the five largest investors in solar power 
capacity in 2012. Even so, China accounted for the largest 
share, at 22% of global investment. The USD 31.3 billion that 
China invested in 2012 was up sharply from USD 17.8 billion in 
2011. Overall, solar power investment in developing countries 

rocketed up 72% to USD 51.7 billion, while investment in 
developed markets fell 31% to USD 88.7 billion. 

Aside from solar energy, developed countries maintained a lead 
only in biofuels and the embryonic sector of ocean energy. In all 
other technologies—including wind power, small-scale hydro, 
biomass and waste-to-energy, and geothermal power—devel-
oping economies were at the forefront. This represents a dra-
matic break from previous years; in 2011, developing countries 
were the major investors only in small-scale hydropower.5

Detailed statistics are not available for solar water heating 
technologies or large hydropower projects over 50 MW in size. It 
is estimated that about 55 GWth of solar collector capacity was 
added during 2012, with about 80% of this capacity installed 
in China.6 The value of this investment is hard to estimate, 
given the wide range of prices paid for different solar collector 
technologies, but it is likely to have exceeded USD 10 billion. 

Investment in large hydropower projects of more than 50 
MW continued to be significant in 2012, exceeding all other 
renewable energy sectors except wind and solar power. 
Translating capacity additions into asset finance dollars per 
year is not straightforward, because the average project takes 
four years to build, but it is estimated that asset financing for 
large hydro projects commissioned in 2012 totalled at least 
USD 33 billion—over a fifth of the USD 148.5 billion value of 
asset finance excluding large hydro.7
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■■ Investment by t yPe
Global research and development (R&D) spending on renewable 
energy inched 1% higher to USD 9.6 billion in 2012, marking 
the eighth consecutive year rise. (See Table R9.) Global R&D 
investment has almost doubled since 2004 in absolute terms 
(up 93%); however, R&D spending by OECD governments as 
a proportion of GDP is scarcely a quarter of its level 30 years 
ago.8 Europe remained the largest centre for R&D in total, but 
China moved ahead on government spending. The United 
States was the only region to show positive, although modest, 
trends in both corporate and government outlays during 2012.  

On the whole, government R&D spending rose 3% to USD 
4.8 billion, while corporate R&D fell 1% to just below USD 4.8 
billion, making public and private spending broadly equal for 
the third year in a row. Solar power continued to dominate at 
USD 4.9 billion, claiming just over half (51%) of all research 
dollars spent, despite a 1% fall relative to 2011. It was followed 
by wind power (up 4% to USD 1.7 billion), and biofuels (up 2% to 
USD 1.7 billion). 

Venture capital and private equity investment (VC/PE) in 
renewable energy fell by 30% to USD 3.6 billion, the lowest level 
since 2005, as VC/PE investors faced a bleak economic outlook 
in Europe, China, and the United States. Other factors driving 
the decline were overcapacity, plunging product prices, subsidy 
reductions, and continuing policy uncertainty. Three-quarters 
of the decline was in private equity expansion capital, and most 
of the remaining decrease was in early-stage venture capital. 
By contrast, seed funding, the earliest stage of VC, rose 146% 
over 2011. While solar remained the largest sector for VC/PE, 
it suffered the steepest decline, down 40% to USD 1.5 billion, 
followed by investment in biomass and waste-to-energy, which 
halved to USD 500 million.

Amid the economic gloom, new public market investment (in 
stock markets) in renewable energy slumped by more than 
60% to just over USD 4 billion, scarcely a fifth of the peak level 
established in 2007. The main reasons for under-performance 
of renewables shares were distress in the wind and solar supply 
chains due to overcapacity and unease about policy devel-
opments in Europe and the United States. Wind suffered the 
most, down 72% to USD 1.3 billion. This left solar power as the 
biggest issuer of new stocks, at USD 2.3 billion, despite the fact 
that it was down 50% relative to 2011. Biofuels took third place 
with USD 400 million, but shrank 43%.

Asset finance of utility-scale projects again made up the lion’s 
share (61%) of total investment in renewable energy, totalling 
USD 148.5 billion in 2012. This was down 18% from the record 
USD 180.1 billion in 2011, but ahead of the USD 143.7 billion in 
2010. The utility-scale share of all renewable energy investment 
was down 4% from 2011, reflecting the rising share of total 
investment going to small (<1 MW) residential and commercial 
solar projects.  

Small-scale distributed capacity was the renewable energy 
stalwart of the year. Investment in small-scale installations rose 
by 3% to USD 80 billion, compared with the 12% decline in total 
new investment in renewable energy. This means that projects of 
less than 1 MW capacity attracted almost a third of the total new 
investment—up from 28% in 2011 and 27% in 2004. Although 
the 3% rise was far below the 24% growth seen in 2011, it came 
despite a further significant drop in solar PV module prices.

Even as global investment in this sector increased, it declined 
in every European country on the top 10 list for investment in 
small-scale projectsi, with the exception of Greece, as aus-
terity-hit governments sought to limit pressure on electricity 
consumers by cutting renewable power subsidies. Greece, 
which ranked eighth for small-scale investment in 2012, saw a 
195% increase, as did China. Investment in small-scale projects 
also rose in the United States and Japan.

A new mechanism has evolved in recent years to raise capital 
for projects from a large number of small investors. “Crowd 
funding,” first developed in the United States, is now being 
applied to renewable energy and spreading through western 
Europe, and it is particularly well suited to small-scale projects. 

Mergers and acquisition (M&A) activity—which is not counted 
as part of the USD 244 in new investment—fell sharply (29%) 
in 2012 to USD 52.3 billion, from an all-time high of USD 73.4 
billion in 2011. The decline was almost entirely due to a collapse 
in corporate mergers and acquisitions caused by the general 
economic slowdown.

i The top 10 countries for small distributed capacity investment are Germany, Japan, Italy, the United States, China, Australia, the United Kingdom, Greece, 
Belgium, and France.
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■■ ReneWAbLe eneRgy Investment In 
PeRsPectIve
Gross investment in renewable electric generating capacity 
(not including hydro >50 MW) was USD 227 billion in 2012. This 
compares with gross investment in fossil fuel-based capacity of 
USD 262 billion. By this measure, the gap between renewables 
and fossil fuels narrowed in 2012, with investment in renewable 
power capacity down 10% relative to 2011 and fossil fuel 
investment down about 13%.

Further, net investment in additional fossil fuels capacity is less 
than gross investment, which includes spending on replace-
ment plants. By contrast, almost all investment in renewable 
capacity is net, meaning that it adds to overall generating 
capacity. Considering only net fossil fuel investment in 2012, 
renewable power was in the lead for the third consecutive year, 
with its USD 227 billion taking a wide lead over fossil fuels’ 
estimated USD 147.7. If investment in hydropower projects >50 
MW is included, then global investment in renewable power 
capacity was one and a half to two times the net investment in 
fossil fuels in 2012. 

■■ DeveLoPment AnD nAtIonAL bAnk FInAnce
Development banks provided USD 60 billion of finance for 
clean energy (including renewables, energy efficiency, and 
grid finance) in 2012, down 5% from 2011 in response to wider 
economic pressures. The largest player was Germany’s KfW, 
which lent USD 20 billion, down 10% relative to 2011 levels. In 
second place was the China Development Bank, with USD 15 
billion (up 1%), followed by BNDES of Brazil (USD 11.9 billion), 
the European Investment Bank (USD 6 billion), and the World 
Bank Group (USD 5 billion). Looking at core renewable energy 
lending, the European Investment Bank made some USD 4.2 
billion (EUR 3.3 billion) available in 2012.

One key new trend in 2012 was the increasing role of smaller 
and newer development banks in renewable energy financing. 
These included the Development Bank of Southern Africa, 
which approved loan facilities totalling USD 1 billion earmarked 
for renewable energy projects, and the African Development 
Bank, which granted Morocco USD 800 million in loans to 
support renewable energy programmes.

■■ eARLy Investment tRenDs In 2013 
Global new investment in renewable energy in the first quarter 
(Q1) of 2013 amounted to USD 40 billion, down 36% relative 
to the final quarter of 2012, and the lowest level in any quarter 
since Q1 2009. 

Although the first quarter has often been the weakest of the 
four in recent years, reflecting the fact that subsidies tend to 
expire at the end of December, the weakness in Q1 2013 was 
not just seasonal. Asset finance of utility-scale projects, venture 
capital and private equity investment, and public markets 
investment together totalled USD 21 billion in the first quarter, 
down more than a third from the equivalent in the first three 
months of 2012.

Small-scale project investment was USD 18.5 billion in the first 
quarter of 2013, down slightly from a USD 20 billion quarterly 
average in 2012. This reflected the further reduction in PV 
module costs between Q1 2012 and Q1 2013. 
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1 Sidebar 5 from the following sources: Frankfurt School – UNEP 

Collaborating Centre for Climate & Sustainable Energy Finance 
(FS-UNEP) and Bloomberg New Energy Finance (BNEF), Global 
Trends in Renewable Energy Investment 2013 (Frankfurt: 2013); C. 
Mitchell et al., “Policy, Implementation and Financing,” Chapter 
11 in O. Edenhofer et al., eds., IPCC Special Report on Renewable 
Energy Sources and Climate Change Mitigation (Cambridge, U.K. 
and New York: Cambridge University Press, 2012); International 
Energy Agency (IEA), Harnessing Variable Renewables – A Guide to 
the Balancing Challenge (Paris: 2011), pp. 877–78. Figure 21 from 
FS-UNEP and BNEF, op. cit. this note.

2 Figure 22 from FS-UNEP and BNEF, op. cit. note 1.

3 Figure 23 from ibid.

4 Figure of 80% for 2011 from ibid.

5 Ibid.

6 Estimates of 55.4 GWth and 80% based on data from Franz 
Mauthner, AEE – Institute for Sustainable Technologies, Gleisdorf, 
Austria, personal communication with REN21, 14 May 2013, and 
from Werner Weiss and Franz Mauthner, Solar Heat Worldwide: 
Markets and Contribution to the Energy Supply 2011, edition 2013 
(Gleisdorf, Austria: IEA Solar Heating and Cooling Programme, 
May 2013). Weiss and Mauthner estimate of 52.6 GWth was 
derived from available market data from Austria, Brazil, China, 
Germany, and India; data for the remaining countries were 
estimated according to their trends for the previous two years. The 
Weiss and Mauthner report covers 56 countries and is assumed 
to represent 95% of the global market, so data were adjusted 
upwards by REN21 from an estimated 95% of the global market to 
100% (i.e., 52.6 GWth/0.95) to reach 55.4 GWth of gross additions. 
Note that the scale of investment in solar heat systems worldwide 
is difficult to estimate because the price of devices varies widely 
from one country or region to the next. In addition, the BNEF 
estimate includes only the actual devices or panels; it does not 
include installed costs.

7 BNEF estimate for investment in large hydropower (>50 MW) is 
based on 22 GW of capacity commissioned during 2012 and a 
capital cost per megawatt of USD 1.5 million, bringing the total 
investment in large hydropower to USD 33 billion. The figure 
USD 1.5 billion per GW is the average value based on numbers 
provided by developers of large hydro projects in applications 
for the Clean Development Mechanism. Estimates are approx-
imate only, due greatly to the fact that timing of the investment 
decision on a project may be about four years on aver age away 
from the moment of commissioning. As a result, a large share of 
the investment total for the projects commis sioned in 2012 was 
actually invested in prior years; in addition, there was investment 
during 2012 for projects that are currently under construction 
and are not included in the BNEF estimates. Note that data for 
hydropower projects larger than 50 MW differ somewhat between 
this GSR and the Global Trends in Renewable Energy Investment 
2013 due to different methodologies and data sources. This GSR 
estimates that 30 GW of total hydropower capacity was commis-
sioned worldwide during 2012, and a significant portion of this was 
projects larger than 50 MW, whereas BNEF estimates that 26 GW 
of hydro capacity was commissioned in 2012, including 22 GW of 
large projects (>50 MW). 

8 Data are from the IEA and were aggregated by BNEF. For 
corporate R&D, data are from BNEF database and the Bloomberg 
Terminal; for government R&D, data are from BNEF database and 
the IEA database. 


