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countries achieved their proposed targets in 2011, such 
as Tanzania, which increased its rate of rural electrifica-
tion from 2.5% in 2007 to 14% in 2011.13

In northern Africa, Morocco has seen a significant 
increase in the share of people in rural areas with access 
to electricity, rising from 20% in 1995 to more than 
97% in 2011. In 2010, solar PV represented 2.6% of 
electrification among households, and 10% for village 
electrification.14 

With support from multilateral banks and bilateral aid 
organisations, countries in Africa and around the world 
have installed several million small SHS and established 
market structures for their dissemination. Several 
countries are piloting innovative business models based 
on fee for service, pay as you go, or prepaid metering to 
improve affordability of these systems. The market for 
solar lanterns has experienced significant momentum: 
in Africa alone, manufacturers have sold some 502,000 
solar lighting applications (all meeting the Lighting 
Africa quality standards).15 Lighting Africa is distributing 
(for USD 30–150) solar lanterns that use light-emitting 
diodes (LEDs) and offer potential lifetimes of up to five 
years without battery changes. 

Multilateral banks, national development banks, and 
organisations have spearheaded other efforts as well. 
Mozambique, for example, has seen significant advances 
due in large part to funding and other support from the 
World Bank in partnership with the European Union 
Energy Facility and the Energy Reform and Access 
Program, and from the governments of Portugal, Spain, 
and South Korea. For example, three PV hybrid systems 
(400–500 kW each) have been installed in 50 villages 
with funding from South Korea, 50 villages were electri-
fied with funds from Portugal, and 40 villages in four 
provinces were electrified with funds from Spain; the 
World Bank-funded programme electrified 150 schools 
and 150 clinics. 

Between 2008 and the end of 2011, off-grid PV capacity 
in Mozambique increased from 0.3 MW to about 1.1 MW, 
providing lighting and communication services to over  
1.5 million people.16 In 2011 alone, projects through 
Fundo de Energia (FUNAE) totaled USD 10 million in 
various off-grid solar energy projects, including 20 micro-
hydro projects in various stages of development and  
USD 8 million of funds available for further development 
and implementation, enabling a significant increase in  
the mini-grid coverage of villages for the coming years.17

In Uganda, Germany’s KfW Development Bank is sup-
porting an investment programme designed to provide 
modern energy to 30,000 people, including 30 hospitals 
and 60 schools, within three years. The remote West 
Nile region being targeted has a degree of electrification 
of less than 2%. One of the aims of the programme is to 
provide energy for improved healthcare services. In total, 
KfW committed USD 290 million for renewable energy 
projects in sub-Saharan Africa in 2011.

Throughout Africa, the Dutch-German-Norwegian 
partnership Energising Development is supporting 
market development of solar PV systems of various sizes 
(particularly in Burundi, Ethiopia, Mali, Mozambique, 
Senegal, and Uganda) and small-scale hydropower 
plants (in Ethiopia, Mozambique, Rwanda, and Uganda). 
The partnership is being implemented by the Deutsche 
Gesellschaft für Internationale Zusammenarbeit GmbH 
(GIZ) and NL Agency in the form of bilateral government 
projects.

While most projects in Africa have been for off-grid 
applications, there are also examples of using renewables 
to provide grid-connected electrification. Cape Verde 
inaugurated a wind farm in 2011 with a capacity of  
25.5 MW, which provides electricity to four islands of the 
archipelago; during 2011, the islands generated 7% of 
their electricity with PV and had peaks of 25% of genera-
tion from wind power.18

The year 2011 saw some industrial advancement in Africa 
as well, including the launch of Senegal’s first PV module 
assembly unit (25 MW) in Dakar. Also in 2011, a Kenyan-
Dutch joint venture opened the first PV production facility 
in Naivasha, Kenya, supplying the East African market with 
PV panels in the range of 30–125 Wp. 

Heating and cooking
As of 2010, it was estimated that 65% of Africa’s 
population relied on wood, coal, charcoal, or animal 
waste for cooking and heating. But there are significant 
differences from one country to another. For example, 
more than 93% of Malawi’s population (99.5% rural and 
85.3% urban) depends on wood biomass for heating and 
cooking; in contrast, in Rwanda more then 50% of all 
households owned improved cookstoves in 2008, and the 
country is well ahead of most of Africa. 

Several local, regional, and international policies and 
initiatives aim to provide an increasing number of 
households with modern cookstoves as an alternative 
to polluting and unhealthy traditional appliances.19 (See 
Sidebar 10.) To increase the share of its population with 
access to modern cooking fuels, in 2011 Malawi initiated 
the Promotion of Alternative Energy Sources Project 
(PAESP), which aims to substitute wood and charcoal 
with biomass-waste briquettes and biogas, and intro-
duced a 50% excise tax on wood fuel to discourage its 
use.20 Rwanda aims for all households to have improved 
cookstoves by the end of 2012.21 In 2011, Botswana 
developed a rural energy plan that will be in effect until 
2016, including biodiesel promotion initiatives related to 
cooking and heating. 

As in the electricity sector, many of the programmes 
under way are funded and implemented by develop-
ment banks and other partners. For example, more than 
550,000 improved cookstoves have been disseminated in 
Benin, Burkina Faso, Burundi, Ethiopia, Kenya, Senegal, 
and Uganda since 2009 with support from Germany’s 
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Traditional cookstoves and open fires are the primary 
means of cooking and heating for almost 3 billion people 
in the developing world. These methods are extremely 
inefficient, and exposure to their smoke causes 1.5–2 
million premature deaths each year, affecting primarily 
women and children. Foraging for biomass takes time 
from more productive pursuits, and the unsustainable 
use of biomass in inefficient stoves increases pressure on 
local environmental resources. But advances in design, 
testing, and monitoring, combined with the growth of 
promising new business models, financing options, and 
national programmes in some countries, mean that it 
may now be possible to reach millions of the world’s 
poor with more efficient, cleaner stoves. 

The Global Alliance for Clean Cookstoves (GACC), 
launched in 2010, identifies as one of its primary goals 
the adoption of clean cookstoves and fuels in 100 million 
households by 2020. By early 2012, the Alliance had 
raised USD 30 million and attracted 250 partners, includ-
ing governments, the private sector, and implementing 
agencies; the U.S. government has committed USD 50 
million. Other programmes include the United Nations’ 
initiative to achieve universal energy access by 2030, and 
national-level efforts such as the Indian Ministry of New 
and Renewable Energy’s (MNRE) biomass cookstoves 
pilot initiative for rural community-based applications, 
launched in 2011. 

The GACC pursues a three-pronged strategy focusing on 
enhancing demand, strengthening supply, and fostering 
an enabling environment. Efforts are already under way 
in some countries, including Afghanistan, where 95% 
of the population relies on traditional cookstoves. The 
United Nations, GACC, and other partners have teamed 
up with Afghan villagers to develop clean stoves that will 
improve indoor air quality, reduce dependence on wood 
for fuel, and lower associated GHG emissions.  

Other international organisations focus on clean cook-
stoves, including GERES (Group for the Environment, 
Renewable Energy and Solidarity), which works on 
cooking and heating projects in Afghanistan, Benin, 
Cambodia, Mali, Morocco, Tajikistan, and northern India. 
Germany’s GIZ runs several programmes worldwide that 
focus on decentralised energy-efficient renewable cook-
stoves. Their aim is to provide modern cooking energy 
by promoting the sustainable production, marketing, 
installation, and use of improved cookstoves.

Providing access to cleaner cookstoves is not a new 
endeavor. SELCO of India, for example, has produced 
and distributed solar cookstoves for years through 
programmes run by India’s MNRE. But the scale and 
breadth of efforts now under way are unprecedented. 
The International Energy Agency’s “Energy for All” sce-
nario estimates that about USD 48 billion per year will 
be needed to achieve universal access to clean cooking 
energy by 2030. 

Sidebar 10. Strategy for Universal Adoption of Clean Cookstoves
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Source: See Endnote 19 for this section.

GIZ. The ongoing project in Kenya, which is jointly 
implemented with the Ministries of Energy, Agriculture, 
and Education, has disseminated approximately 850,000 
stoves since it was established in 2005, and provides 
an example of state-promoted sustainable heating and 
cooking solutions. 

As of 2011, with support from Dutch agency SNV, 8,432 
new biogas plants had been installed in nine African 
countries, and production rates of biogas plants were 
up 100% compared to 2010. In Rwanda, the National 
Domestic Biogas Programme (NDBP), with technical and 
institutional support from the Dutch (SNV) and German 
(GIZ) development agencies, aims to install at least 
15,000 biogas digesters in rural households owning  
2–3 cows; a total of 1,846 digesters were installed by the 
end of 2011.22 

A joint venture of two private companies aims to replace 
thousands of charcoal-burning stoves with cleaner 
ethanol cookers in Mozambique’s capital, Maputo. This 
business, which integrates food, energy, and forest  
protection, sells clean cookstoves and bottled liquid 
cooking fuel to low-income households.23 In Uganda, 
another joint venture of private companies aims to 
provide low-income communities with access to 
energy-efficient household cookstoves; at an estimated 
cost of USD 20 million, this represents one of the largest 
carbon-finance commitments made to clean cookstoves 
in the sector’s history.24
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n	AsiA:Regional Status Assessment 
Although China and India are neighbors and the two 
largest emerging economies in the world, their energy 
access situations are strikingly different. With more 
than 1.3 billion people, China has made extraordinary 
investments to meet its growing energy needs. The result 
has been significant increases in access to grid-connected 
electricity; today, an estimated 5 million Chinese in rural 
areas lack access to modern energy sources. By contrast, 
in India almost 290 million people (25% of the popula-
tion) do not have access to electricity, and 72% of Indians 
continue to rely on traditional biomass as their primary 
source of energy.

Both countries have made significant investments in 
renewable energy capacity, mainly wind and solar. In 
2011, the vast majority of China’s solar PV installations 
were grid-connected, but some 20 MW were in off-grid 
projects and other isolated applications. India installed 
an estimated 11 MW of off-grid PV in 2011.25 

Elsewhere in the region, countries have made advances, 
but countries such as Bangladesh, Afghanistan, Myanmar, 
and Pakistan continue to experience very low rates of 
rural electrification and to rely largely on traditional 
biomass.

Electricity 
During 2011, innovative plans within Asia to advance 
rural electrification included programmes from Iran in 
the West to the Philippines in the East. They included 
government-driven programmes as well as efforts 
financed by NGOs and development banks.

The Philippines expanded its existing Rural 
Electrification Programme in 2011 based on experi-
ences gained from previous programmes, with the goal 
of achieving 90% household electrification by 2017. 
Nepal implemented its Rural Energy for Rural Livelihood 
programme in April 2011 to promote rural electrifica-
tion. In Iran, the Power Ministry, which is responsible for 
rural electrification, together with the Renewable Energy 
Organization of Iran (SUNA), has electrified more than 
233 households with decentralised PV systems.26

The government of China has been proactive in meeting 
the growing demand for electricity in rural areas. The 
Renewable Energy Development Program estimates that 

400,000 solar home systems were distributed during the 
period 2006 to 2011.27 In Bangladesh, the Solar Energy 
Programme of the national Infrastructure Development 
Company Limited (IDCOL) has successfully disseminated 
1.3 million SHS through 30 partner organisations from 
the private sector and civil society, with support from the 
World Bank, the Global Environment Facility (GEF), KfW 
and GIZ of Germany, the Asian Development Bank, and 
the Islamic Development Bank.
India’s Rajiv Gandhi Grameen Vidyutikaran Yojana 
(RGGVY) scheme is a major electrification programme 
mandated by India’s national 11th five-year plan (budget 
allocation of USD 15.5 million (€12 million) per year). 
Under the RGGVY, the government provides a 90% 
capital subsidy for participating households, and it has 
seen the annual rate of rural electrification grow by 
18%. As of September 2011, the scheme had electri-
fied 110,000 villages. The RGGVY complements India's 
remote village electrification programme, and together 
they have provided approximately USD 16 million for the 
electrification of 1,483 border villages in northeast India, 
using solar and hydropower.28 In addition, the first phase 
(2009–2013) of India’s National Solar Mission promotes 
off-grid solar systems to provide lighting and basic 
energy services to people in remote and rural areas, as 
well as grid-based solar capacity.29 
While many programmes are focused specifically on 
solar PV, several initiatives are tapping a variety of 
renewable energy sources. For example, in Indonesia 
micro hydropower has been used to provide electric-
ity to 73,000 rural inhabitants, and 800 kW of PV was 
added during 2011. This is part of a larger programme 
implemented by the government and the World Bank 
that provided energy access to 230,000 people in 2011. 
In Mongolia, between 2007 and 2011, the rural energy 
access project distributed 41,800 SHS, and installed hun-
dreds of wind turbines and 11 renewable-diesel hybrid 
systems, and facilitated the rehabilitation of  
15 mini-grids.30

Distinct from the many government-initiated pro-
grammes and targets, a number of initiatives have been 
developed and implemented entirely by development 
banks. For example, Germany's KfW financed a pro-
gramme in Bangladesh that supported about 450,000 
SHS. In Nepal, KfW is implementing a programme that 
aims to install 150,000 SHS.
Nongovernmental actors are also playing a significant 
role. For example, in India, The Energy and Resources 
Institute (TERI) launched its “Lighting a Billion Lives 
(LaBL)” initiative in 2008. This programme is based on 
enterprise-driven charging of solar lanterns and renting, 
in a model that aims to benefit the entrepreneurs who 
manage charging stations, as well as users.31 (See Sidebar 
11.)
It is important to note that there is growing private 
commercial activity in India, sometimes based in micro-
financing schemes, that has enabled the sales of millions 
of SHS and SPS, as well as stoves and other modern 
energy systems and appliances.
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The Energy and Resources Institute (TERI) in India developed the Lighting a Billion Lives (LaBL) initiative in 2008 to 
facilitate access to clean lighting through solar technologies in rural communities. 

Sidebar 11. Rural Renewable Energy Case Study: Lighting a Billion Lives
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Objectives:  	 To enable rural communities to replace kerosene/paraffin lamps with environmentally friendly 
solar lanterns and to create incremental livelihood opportunities in rural areas.

Technologies:	  A typical solar charging station consists of five solar panels with a total capacity of 250 Wp, 
which can recharge 50 LED lanterns. The charging station acts as a centralised station, and each 
of the solar panels charges simultaneously 10 solar lanterns connected through a junction box 
designed appropriately by TERI under the LaBL campaign.  

Partners:  	 The initiative has expanded and reaches the most remote corners of India in association with 
some 80 grassroots partners, referred to as LaBL Partner Organizations. In addition, around 30 
Technology Partners are working to promote the collaborative research and development of 
quality off-grid lighting products together with leading industry partners. 

Budget: 	 The budget for 2008–11 was INR 90 million (approximately USD 1.7 million), and for 2011–12  
is INR 175 million (approximately USD 3.3 million).

Financing Scheme: 	 Funding to cover the initial capital costs comes from multiple sources and community con-
tributions; the operation and maintenance costs are covered by the rental income earned by 
the entrepreneurs who manage the solar charging stations. The initiative harnesses financial 
support from the central and state ministries/governments, corporations and individuals, and 
bilateral and multilateral agencies. Currently, the cost of setting up a charging station is INR 
175,000 (USD 3,300), of which INR 40,000 (USD 750) comes as equity from the users/entrepre-
neurs, and INR 20,000 (USD 370) as a subsidy from the Ministry of New and Renewable Energy 
under its National Solar Mission. TERI raises the remaining amount from various corporations 
(as part of their corporate social responsibility) and through fundraising events.  

Beneficiaries:  	 The total number of beneficiaries, by the end of 2011, was around 74,000 households from 1,486 
un-electrified and poorly electrified villages spread across 21 Indian states. Prior to the project, 
the villagers did not have access to electricity and were completely dependent on kerosene and 
other inefficient sources to meet their lighting needs. 

Social and	 So far, the LaBL initiative has improved an estimated 370,400 lives, and has enabled communities
Economic impacts:	 to access clean lighting with solar lanterns. Some 1,486 solar energy micro-enterprises have been 

set up in the form of solar charging stations for recharging and renting of lanterns. The replace-
ment of kerosene lanterns has led to savings of 220,000 litres of kerosene every month. 

Source: See Endnote 31 for this section.
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Heating and cooking 
To address the significant reliance on traditional fuels for 
cooking in Asia, a number of programmes and projects 
have aimed to provide access to clean cookstoves and 
fuels, particularly biogas.

In 2011, India launched a National Cookstove 
Programme that is expected to avoid 17% of the pre-
mature deaths and disabilities, caused by respiratory 
infections, heart disease and bronchitis, that would 
otherwise occur by 2020.32 In Bangladesh, more than  
3 million people have received clean cookstoves through 
a programme implemented by the government and 
financed by the World Bank and IDC Ltd. In 2011 alone, 
13,300 new biogas plants were installed in Bangladesh. 
Across Asia, approximately 56,740 new biogas plants 
have been installed as part of various national and 
international initiatives, all with the support of SNV 
(Netherlands).33

In Nepal, KfW (Germany) and other financing institutions 
are implementing a programme financing 250,000 biogas 
plants, benefiting more than 1 million people in rural 
areas. There are also innovative programmes in place in 
various regions of India, as well as Cambodia, Sri Lanka, 
and elsewhere, and a number of Asian countries have 
joined the Global Alliance for Clean Cookstoves.

The Asian Development Bank (ADB), at the end of 2010, 
approved support of USD 21 million (funded from the 
Asian Development Fund) for the Rural Renewable 
Energy Development Project to help Bhutan expand rural 
electrification for households, sustain its operations and 
energy security, and provide a mix of clean energy supply 
sources, including biogas for cooking.34

 n	 Latin America: 
	 Regional Status Assessment  
Across Latin America, an estimated 7% of the popula-
tion (nearly 31 million people) does not have access 
to electricity, and almost 19% (85 million) depends on 
traditional biomass for heating and cooking. Lack of 
access is primarily a rural issue; only about 1% of the 
urban population lacks electricity, whereas the rural 
share is 28%. Compared with other developing regions 
of the world, Latin America is far closer to achieving full 
energy access, particularly access to electricity. 

Due to geographical limitations, the only viable solution 
for most of the relatively small share of the region’s 
population living in isolated regions is renewable off-
grid technology. In the last decade, the Andean region 
(Colombia, Ecuador, Bolivia, and Peru), as well as some 
Central American countries, have developed numerous 
off-grid projects. For example, SHS installations under 
the main projects include: 60,000 systems (2,600 kW) 
in Bolivia; 2,200 systems (110 kW) in Ecuador; 6,000 
systems (215 kW) in Nicaragua; 5,000 systems (250 kW) 
in Honduras; 10,000 systems (1,500 kW) in Peru; and 
30,000 systems (2,843 kW) in Argentina.

Recent oil price increases have made solar PV more cost 
competitive, driving the installation of large PV plants to 
provide electricity to isolated regions that traditionally 
have been dependent on diesel.
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Electricity 
A number of off-grid and mini-grid solutions have been 
created in countries from Argentina to Mexico.

Specific advancements during 2011 included the instal-
lation of 170 electrification systems (of a total of 12,000 
planned) in the Argentinian province of Neuquén, as part 
of the national programme of rural electrification; and 
the installation of a 1 MW PV plant in Calama in northern 
Chile.35 The Calama plant is expected to produce 2.7 GWh 
of electricity annually, and no subsidies were required 
for its installation. Both Honduras and Nicaragua have 
actively promoted SHS and, over the past two years, 
they have disseminated some 1,600 and 840 systems, 
respectively, through national programmes.

In Brazil, one of the significant developments during 
2011 included 12 mini PV plants with mini networks. 
This project measures consumption remotely and 
invoices consumers through a prepayment system that 
offers a relevant technical-financial solution for remote 
areas.

Brazil established the Luz para Todos (“Light for All”) 
programme in 2003 with the aim of providing universal 
electricity access by 2014. As of end-2011, 14.5 mil-
lion people (2.9 million households) had benefited, 
with almost half of them in the poorest part of Brazil’s 
northeast region.36 Renewable energy has played a small 
role in the programme. However, as distances increase 
between rural villages and load centres, the costs of 
extending the grid rise as well, and at some point it 
becomes infeasible to provide electricity via a centralised 
system. As a result, the role of renewables is rising. 
Decentralised renewables play more of a role in the cur-
rent phase, particularly in remote and isolated villages of 
the Amazon region. 

Mexico has created several programmes and projects to 
advance rural energy access through renewable energy, 
including several large electrification projects, with the 
aim of enabling the Federal Electricity Commission (CFE) 
to provide energy solutions to the 2.5% of Mexicans 
living in low-income rural communities. The Banderas 
Blancas (“White Flags”) programme plans to electrify 
more than 700 rural communities (with 100–2,500 
inhabitants each) with both conventional methods and 
distributed solar PV farms (30 kW). 

Additionally, a pilot project is being implemented with 
the Energy Transition Fund (financed by the World 
Bank) to provide small communities (<100 inhabitants) 
with individual SHS. It is operated by the local NGO 
ILUMEXICO, and its goal is to provide 1,050 lighting sys-
tems to rural households in two of the poorest states in 
Mexico. The national Integrated Energy Services Project 
promotes rural electrification projects, based on renew-
able energy, in the states of Chiapas, Guerrero, Oaxaca, 
and Veracruz, with the goal of providing electricity to 
50,000 households over the period 2008–12. 

Developments in Mexico at the state level include the 
programme Luz Cerca de Todos (“Light close to All”), 
implemented by the Querétaro State Government 
through the Center for Sustainable Development 
(SEDESU). The SEDESU has implemented mechanisms 
to finance this programme, which aims to electrify 7,000 
households with SHS (85 W) by 2015 to achieve state-
wide universal energy access.

In Peru, the national electrification strategy is to provide 
electricity services to 95% of the 500,000 isolated house-
holds—using PV systems, wind turbines (4%), and small- 
and micro-hydro projects (1%)—by the end of 2012. The 
total capacity to be installed is estimated at 32.2 MW. 
Peru also has a centralised PV system, in Vilcallamas, 
which was developed as part of a GEF-financed pilot proj-
ect, benefiting more than 40 households with the goal of 
improving productivity of local alpaca fibre processing.37

Elsewhere in the region, NGOs and civil society have 
played a role in increasing access to electricity. For exam-
ple, the SOLUZ programme in the Dominican Republic, 
created by the NGO ENERSOL, provides electricity 
services through a dispersed network of managers. The 
programme implemented a solar PV leasing scheme that 
offers unsubsidised electricity service for an installation 
payment and monthly fee (approximately USD 20 per 
month for a 50 W system). The first stage of the project 
focused on providing management experience and was 
developed through donations; this played a key role in 
the success of the enterprise, which has led to the instal-
lation of more than 3,000 SHS.

Another off-grid project that demonstrates the role 
of civil society in successful energy initiatives is 
the FECORSUR project in Argentina. The project is 
implemented by a group of sheep wool producer’s 
cooperatives (Federación de Cooperativas de la Región 
Sur) in the southern region of Argentina, with technical 
support from the National Atomic Energy Commission 
and Fundación Bariloche, and funding from the Inter-
American Development Bank (IDB) through the IDEAS 
initiative.



91

RE
NE

WABL


E
S 

20
12

 G
LO

BAL
 

ST
AT

US
 R

EP
OR

T

4105

Heating and cooking
In contrast with the region’s advances in renewable rural 
electrification, developments in the heating and cooling 
sector are relatively limited. For example, about one-
quarter of Mexico’s population still cooks on open fires 
or with old, inefficient cookstoves, resulting each year 
in an estimated 18,000 premature deaths, the burning 
of more than 20 million tons of wood, and significant 
carbon dioxide emissions. 

A number of programmes have been implemented by 
governments, development banks, and the private sector 
to address this situation, in Mexico and in other countries 
in the region. Mexico and Peru have ongoing large-scale 
programmes to disseminate improved cookstoves, with 
the aim of reaching 1 million units. A group of Central 
American countries with common policiesi has also com-
mitted to disseminating 1 million improved cookstoves 
by 2020. Other countries where improved cookstoves are 
being promoted include Bolivia and Peru.

EcoZoom completed a pilot programme in Mexico, 
replacing 10,000 cookstoves across the country with 
a safer, more efficient version designed specifically 
for cooking in Latin America. A similar programme is 
being implemented by the Central American Integration 
Bank (BCIE), which approved a USD 1 million grant to 
Honduras to provide 9,575 clean cookstoves to house-
holds. A preliminary pilot project was launched in 2011 
to demonstrate the potential of larger biomass cook-
stoves for community-based applications in rural areas. 
The success of this programme could lead to develop-
ment of many such programmes in the future. 

In the Central American region, dissemination strategies 
include social marketing, micro-financing, awareness 
campaigns, and real-time monitoring of stove use. In 
addition, carbon markets have been used increasingly to 
finance Central American cookstove projects. 

Although most of the focus in the cooking and heat-
ing sector is on cookstoves, solar thermal systems 
also provide an option for water and space heating. In 
Mexico, the Solar Water Heaters Promotion Program 
(PROCALSOL), which ends in 2012, aims to promote 
widespread use of solar thermal energy. 

In conclusion, the rural renewable energy market is 
highly dynamic and constantly evolving; it is also chal-
lenged by the lack of structured frameworks and consoli-
dated data sets. Most countries are developing targets 
for electrification that include renewable off-grid options 
and/or renewably powered mini grids; there is also some 
use of grid-connected renewable electricity. In the rural 
cooking and heating market, advanced cookstoves fueled 
by renewable sources are gaining impetus as reliable and 
sustainable alternatives to traditional cookstoves. 

Although its use is still minimal in most countries, solar 
thermal offers enormous potential for heating and cool-
ing as well, including for meeting local industrial needs. 
In addition to a focus on technologies and systems, most 
developing countries have started to identify and imple-
ment programmes and policies to improve the ongoing 
operational structures governing rural energy markets. 
Such developments are increasing the attractiveness 
of rural energy markets and developing economies for 
potential investors.

The need for rural energy in developing countries is, 
above all, related to the need for social and economic 
development for billions of people around the world. 
After many years of relatively slow political, technical, 
financial, industrial, and related developments, the 
impressive deployment of all renewable energy techno-
logies and the reduction of the cost together point to a 
brighter future.

i - Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, and Panamá.
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FEaTuRE: 
RENEwablE ENERGy aNd 
ENERGy EFFICIENCy

06

Improving energy efficiency is valuable 
 irrespective of the primary energy source, but 
there is a special synergy between energy 
 efficiency and renewable energy sources. 
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Energy efficiency and renewable energy policies have 
been defined as the “twin pillars” of a sustainable 
energy future. The more efficiently energy services are 
delivered, the faster renewable energy can become an 
effective and significant contributor of primary energy. 
And the more energy obtained from renewable sources, 
the less primary energy required to provide the same 
energy services.

Energy efficiency and renewables can work together to 
reduce peak electricity demand on the grid while easing 
transmission losses and bottlenecks, lowering system-
wide environmental and economic costs. Non-fuel 
renewables even manage to improve system efficiencies 
on their own, as they remove the losses inherent to 
the thermal conversion of fossil fuels. A true synergy is 
obtained when one pillar supports the other, enabling 
applications that otherwise might not be technically or 
economically practical; in this instance, the outcome may 
exceed the sum of the parts. 

n	Energy Efficiency and Renewable 		
	 Energy Synergies
While economies are sometimes measured by the energy 
that flows through them, more often they are judged by 
their effectiveness in converting that energy into tangible 
value. Homes and businesses value energy services—
such as lighting, communications, a warm home, cold 
drinks, etc.—rather than merely units of energy. The 
total amount of energy required to deliver those services 
depends on the energy source and on the losses that 
occur at each step as primary energy is extracted, trans-
formed, transported, and transmitted, including end-use 
conversion at the point of service. Vast quantities of 
energy are wasted along the way before actual utility 
is delivered to people. Worldwide, well over half of the 
energy consumed does not provide useful services; most 
of it is lost in the form of waste heat1.  Each stage, from 
primary energy extraction through end-use conversion, 
provides opportunities for improving overall system 
energy efficiency—or, providing the same services with 
less energy input. 

Improving the efficiency of each step along the way is 
advantageous irrespective of the primary energy source, 
but there is a special synergy between energy efficiency 
and renewable energy sources. This synergy occurs in 
several ways, both in the technical and policy context. 
Such synergies include:

n	 Many renewable energy technologies are well suited 
for distributed uses, producing useful electricity or 
heat close to the point of use, reducing transportation 
and transmission losses. As a result, less primary 
energy is required to provide the same energy services. 

By reducing the demand on the electrical transmission 
and distribution grid, distributed energy improves 
efficiency and may provide additional cost savings for 
the total energy system. 

n	 Efficient building design that utilises passive solar 
heat and light obviates energy conversion technologies 
while reducing system energy demand.

n	 Improving end-use efficiency in delivery of energy 
services reduces primary energy demand for all 
sources. In addition, lower end-use energy require-
ments increase the opportunity for renewable energy 
sources of low energy density, such as solar, or of low 
energy content, such as low-temperature solar heat, to 
meet full energy-service needs.

n	 Improvements in end-use energy efficiency reduce 
the cost of delivering end-use services by renewable 
energy. The money saved through efficiency can help 
finance additional efficiency and deployment of renew-
able energy technologies.

n	 Targets for increasing shares of renewable energy, 
which consist of the provision of energy with renew-
able sources as a portion of total energy demand, 
can be achieved through both increasing the amount 
of renewable energy and/or through reducing total 
energy consumption (e.g., through improvements in 
energy efficiency).

Synergies between renewable energy and energy 
efficiency exist across a number of sectors. Examples 
include:

Electrical services   
The more efficient is the pump, refrigerator, computer, 
lighting, or other appliance, the lower the end-use 
demand for services, and thus the smaller the size (and 
the lower the cost) of the renewable energy system 
required. If electrical storage devices are needed, their 
scales and costs are reduced as well. When a grid-
connected building or factory is powered by distributed 
energy, such as rooftop solar PV, less electricity needs 
to be transmitted so transmission and distribution 
losses are lower, there are no heat-to-electricity conver-
sion losses, and of course there are no carbon dioxide 
emissions.

With appropriate building design, day lighting can supply 
a very large portion of lighting services, and the remain-
der can be provided more efficiently via rapidly evolving 
lighting technologies. The replacement of traditional 
incandescent lamps with more-efficient halogen and 
compact fluorescent lamps (CFLs) has reduced the 
marginal electricity requirement for lighting services 
by about 75%, while light-emitting diode (LED) lamps 
promise even further improvement. 

FEATURE:	RENEWABLE ENERGY AND ENERGY EFFICIENCY: 
			A    SYNERGISTIC ALLIANCE
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Space heating and cooling
Buildings are not often thought of as renewable energy 
collectors or appliances, but they can be designed to 
capture useful renewable energy and to maximise the 
efficiency of its use. An increasing number of commercial 
and residential buildings are so tight and well insulated 
that most heating needs can be met with solar energy, 
using passive solar design; thermal storage can expand 
the amount of passively collected heat that can be used. 
Buildings also can be designed for passive use of cooling 
with appropriate shading devices and capture of cooling 
breezes.

In extremely cold or cloudy regions, supplementary 
energy is needed, but an efficiently designed building can 
require as little as 10–20% of the energy of a traditional 
structure, even without passive solar heating.2 This 
means that smaller systems can suffice, further reducing 
the costs of heating with renewable energy technologies 
such as biomass boilers, or wind or solar PV to power a 
heat pump. Indeed, if a building is not very tight and well 
insulated, the size and cost of a solar- or wind-powered 
heat pump system for heating and cooling might be 
prohibitive and/or require operation outside optimal 
parameters, which results in lower system efficiencies. 
Efficient building shell and efficient heating and cooling 
technologies are therefore interdependent. 

Industrial processes
Industry demands substantial amounts of energy in the 
forms of electricity, heat, and mechanical services. Hydro 
resources have powered major industrial development 
over the past century, while CSP, wind power, and PV 
are now demonstrating that they also can meet indus-
trial needs. Still, renewables become more effective as 
industrial processes become less energy-intensive and 
are modified in ways that reduce the inherent need for 
fossil fuels. For example, as carbon fibre composites 
replace energy-intensive steel for auto bodies, it becomes 
easier to substitute fossil fuels with renewable energy at 
fabrication plants because both total energy use declines 
and process-specific demand for natural gas and coal 
in blast furnace operations is displaced. Harnessing the 
rich variety of chemical substances and materials from 
plants will allow industry to take advantage of biochemi-
cal conversion methods rather than energy-intensive 
chemical processes. 

Transport
Renewables offer three potential options for provid-
ing mobility—liquid and gaseous biofuels, electricity 
for battery-powered or hybrid vehicles, and renew-
ably generated hydrogen for fuel cells—and benefit 
immensely from energy efficiency improvements. As 
vehicles become more efficient, they require less fuel 
per kilometer driven, enabling biofuels to make a larger 
contribution to transportation. 

Battery-powered electric vehicles benefit from the 
greater efficiency of electric motors over internal 
combustion engines. While internal combustion engines 
utilise only about 20% of the heat energy in liquid fuels 
to propel a vehicle and waste the rest as heat, EVs con-
vert 80% of the electrical energy they use into mechani-
cal motion. Because all renewable energy sources can 
produce electricity, ultimately, all EVs could be powered 
by renewables. Charging batteries with solar energy 
during the day, while vehicles are parked, reduces by 
two-thirds the primary energy relative to thermal power 
generation; parking lot- or garage-based charging also 
largely eliminates transmission losses. 

Hydrogen-powered fuel cell vehicles are highly efficient 
(although less so than battery-operated EVs3) and, as 
with battery-electric vehicles, the greater the efficiency 
of the fuel cell and vehicle, the lower the cost of produc-
ing the hydrogen for each kilometer driven. Hydrogen is 
currently produced from natural gas, but it also can be 
produced by any renewable electricity source from water, 
and processes are being developed to produce it through 
direct use of sunlight.4

n	Energy Efficiency Potential and  
	 Current Trends  
Between 1990 and 2007, world gross domestic product 
rose by 156% while primary energy demand increased 
39%.5 Over this period, energy productivity gains—due 
largely to improvements in energy efficiency—saved the 
world an estimated 915 EJ of energy, or almost twice 
the total global primary energy use in 2007.6 Individual 
countries have done even more, but still the potential for 
further improvements is vast; this is particularly true in 
the developing world, but even the world’s most energy 
efficient economies still have large untapped “resources” 
of additional potential improvements. 

Energy efficiency data and trends can be difficult to 
measure, and few statistics are currently collected and 
published on a global level. However, there are some 
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numbers in the lighting, appliance, and building sectors 
that provide a sense of current trends. 

Some of the greatest efficiency gains in end-use energy 
in recent years have been in supplying lighting. Compact 
fluorescent lamps (CFLs) have been on the market for 
over 25 years and provide the same amount of light 
(measured in lumens) as traditional incandescent bulbs 
with one-quarter of the electricity. While CFLs remain 
the most cost-effective lighting, they lack many desirable 
features of more costly light-emitting diodes (LEDs), 
which have comparable efficiencies with better colour 
rendering and longer operating lives.7 In developing 
countries, rugged LEDs are being incorporated into 
portable solar-powered lamps that can include a phone 
charger and radio. 

Appliance standards, which are upgraded periodically, 
have been in place in both Europe and the United States 
since the oil shocks of the 1970s. As of 2010, standard 
U.S. refrigerators used about 75% less energy than those 
manufactured in the late 1970s.8 Europe has a system 
of constant upgrading and abandonment of the least-
efficient category, and the region’s appliances are among 
the most efficient in the world.

Vehicle fuel economy has also improved, with the 
strictest standards and greatest advances in the EU and 
Japan.9 In the United States, fuel economy increased by 
60% between 1980 and 2006, all factors being equal, 
but average gas mileage increased by just over 15%. The 
difference is due to the fact that most of the efficiency 
gain went to increased vehicle weight and horsepower.10 
Europe experienced a similar trend, with efficiency 
improvements greatly counterbalanced by increased 
engine performance and vehicle weight, but this trend 
reversed starting in 2006, in part because of rising fuel 
prices.11 

An estimated 30–40% of total global primary energy use 
is for buildings.12 Although they still represent a very 
small percentage of buildings, the number of “green” 
and energy efficient buildings is on the rise. Buildings 
designed to meet the Passivhaus standard are extremely 
efficient and require little energy for space heating or 
cooling. As of mid-2010, as many as 25,000 Passivhaus-
certified structures—including residential, office, school, 
and other buildings—existed in Europe.13 

By November 2011, the U.S. LEED (Leadership in Energy 
and Environmental Design) certification had been 
granted to nearly 11,100 projects around the world, 
accounting for 2 billion square feet (0.19 billion m²) of 
floor space; the 1 billion mark was passed during 2010.14 
It was estimated in 2009 that LEED buildings reduce 
energy use by an average of 33%, and that they had 
saved a cumulative 400 million vehicle miles (644 million 
vehicle kilometers) traveled and 0.03 EJ of energy.15 In 
addition to Europe and the United States, buildings using 
these and other certification systems have also been 
developed in Australia, China, India, Japan, and Taiwan.16 

n	Policies to Advance Energy  
	 Efficiency and Renewable Energy
To date, there has been little systematic linking of energy 
efficiency and renewable energy in the policy arena. In 
some cases, efficiency and renewables are even put in 
competition with one another. For example, building 
codes in many countries allow the use of renewable heat-
ing to compensate for improved insulation, while others 
allow renewable heating to compensate for efficiency 
improvements.17 But there exist an increasing number 
of policies to advance efficiency of lighting, appliances, 
buildings, and vehicles.

Advances in lighting technologies have been driven 
largely by the increasing number of policies around the 
world to phase out traditional incandescent light bulbs. 
Cuba exchanged its incandescent bulbs for CFLs in 2005, 
and Brazil and Venezuela began phasing them out that 
same year.18 They were followed by Australia, the EU, 
and Switzerland a few years later. Other countries with 
planned phase-outs include Argentina, Canada, Russia 
(all in 2012), Malaysia (by 2014), and China by 2016.19 
India set a goal in 2009 to replace all of the nation’s  
400 million bulbs with CFLs by 2012, and Algeria plans 
to adopt 3.75 million CFLs between 2011 and 2014.20 
While the United States has not banned incandescent 
bulbs, energy performance standards will apply to all 
bulbs by 2014, and the U.S. Department of Energy spon-
sored a competition (with the prize awarded in 2011) 
to encourage lighting manufacturers to develop high-
quality, high-efficiency solid-state lighting products.21  

Energy efficiency labels and standards for appliances 
exist in the EU, United States, and many other countries, 
including China, where minimum energy performance 
standards were first adopted in 1989. Additional 
countries including Colombia and South Korea also have 
strong energy efficient standards, and Thailand has a 
labelling programme.22 Realising that about 80% of the 
environmental impact of a product is determined at its 
design stage, the EU Ecodesign Directive was enacted to 
provide a framework for setting compulsory standards 
for energy-related products. Expected energy savings by 
2020, of the first 11 product groups (including lighting, 
electric motors, TVs, and refrigerators), are the equiva-
lent of 14% of total EU electricity consumption in 2007.23 

During 2011, Canada strengthened its national building 
code, requiring a 25% improvement over the 1997 code, 
and the United States announced USD 40 billion invest-
ment in energy upgrades to federal, commercial, and pub-
lic buildings, which is expected to increase their efficiency 
by 20% and reduce energy costs by USD 40 billion.24 
The EU Energy Performance of Buildings Directive sets 
standards for the implementation of energy efficiency 
measures and the introduction of energy certification 
schemes.25 In early 2012, the Indian and Swiss govern-
ments signed a Memorandum of Understanding to apply 
Swiss experience and expertise in India to reduce energy 
consumption by commercial buildings by 30–40%.26
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Several countries and regions also have vehicle efficiency 
standards, including Australia, Canada, China, the EU, 
India, Japan, South Korea, and the United States27; in the 
EU and U.S. state of California, the focus of standards has 
shifted towards environmental criteria (GHG emissions). 
In 2011, the White House reached agreement with U.S. 
auto manufacturers to increase existing standards 65% 
by 2025.28 Several countries also have fiscal incentives 
and/or traffic control measures that benefit more-
efficient vehicles.29

A growing number of countries are enacting more 
broad-reaching mandates and standards. Italy, Portugal, 
and Poland all enacted energy efficiency-related laws in 
2011.30 China fell short of its 2011 target, but it estab-
lished new targets for the 12th Five-year Plan, calling 
for a 16% improvement in national energy intensity by 
2015; in early 2012, China increased its target for the 
industrial sector.31 Also early in 2012, India announced 
industrial targets for 2014/15.32 Several other countries 
have adopted laws, targets, or programmes, including 
Australia, Denmark, Mexico, Russia, and Uruguay.33

Increasingly, countries and regions are linking efficiency 
improvements with renewable energy. For decades, 
Denmark has set mandatory targets and incentives 
to advance both efficiency and renewables. In early 
2012, a new policy package was adopted to achieve the 
national target of 100% of electricity, heat, and fuels 
from renewable sources by 2050, including plans for a 
comprehensive strategy to renovate all of the country’s 
buildings and incentives to shift industry from fossil fuels 
to efficient use of renewable energy.34 At the EU level, 
the triple target of 20% reductions in GHG emissions 
and in primary energy use, and achieving 20% of EU 
final energy from renewable resources, is intended to 
improve energy efficiency and decouple energy demand 
from economic growth while also increasing the share 
of energy from renewable sources.35 A German initiative 
aims to expand national support activities from 100% 
renewable municipalities (realising 100% of their energy 
supply from renewables) to zero-emission regions (com-
bining concrete targets and measures for energy demand 
and GHG reduction with increasing renewable energy 
supply), thus leading to a balanced strategic approach 
implementing both efficiency and renewables.36

In early 2012, the U.S. government set a goal to make all 
new federal buildings Zero Net Energy (ZNE) by 2030, 
meaning the annual energy needs are met on site by 
combining energy efficiency and renewables.37 California 
aims for 50% of existing buildings and all new commer-
cial buildings in the state to be ZNE by 2030.38 At least 26 
U.S. states now have efficiency targets in place, and most 
are achieving their goals.39 Most of these policies apply to 
electric (and in some states to natural gas) utilities, with 
some linked directly to renewable energy—either count-
ing renewable capacity as an efficiency gain, or through 
targets for both.40 Driven overwhelmingly by state 
standards, U.S. ratepayer budgets for energy efficiency 
programmes increased 25% in 2011, to USD 6.8 billion.41 
In addition, the federal government and all U.S. states 
offer fiscal incentives for efficiency investments.42 

At the global level, the UN Secretary-General’s initia-
tive, Sustainable Energy for All, aims to mobilise global 
action to achieve, by 2030, universal access to modern 
energy services, improved rates of energy efficiency, and 
expanded use of renewable energy sources.

Policies have also begun to address the efficiency of 
renewable energy systems themselves. For example, 
Germany provides additional incentives for more-
efficient biomass power plants and renewable heating 
systems in highly efficient buildings, and many financial 
incentives required minimum efficiency standards of 
renewable systems.43 

n	New Energy Accounting with  
	 Efficiency and Renewables
Replacing the 500 EJ of current primary energy that is 
85% fossil fuels appears to be a daunting task. But the 
amount of energy needed to deliver the desired energy 
services is much smaller. Analysts suggest that by 2030, 
and assuming no improvement in end-use efficiency, an 
all-renewable energy system would be 30% smaller than 
one powered by current thermal fuels and technologies—
or requiring less energy input than the entire world 
consumes today.44 Further efficiency gains would result 
in even greater reductions in energy input, while still 
providing desired energy services. According to another 
study, end-use technologies and practices exist today 
that require as little as one-fifth of the primary energy 
utilised in most circumstances today.45 

This implies that it is not necessary to replace one EJ of 
primary energy today with one EJ of renewable energy, 
and that the amount required can be further reduced 
in the future by improving the efficiency of the multiple 
energy conversion steps, starting by reducing the energy 
required to provide energy services. With efficiency 
and renewable energy, people can receive the same 
services—or better—with less energy and fewer negative 
environmental, social, and security consequences.
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REFERENCE TablES

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

T

TablE R1. RENEwablE ENERGy CaPaCITy aNd bIOFuEl PROduCTION, 2011

Added during 2011   Existing at end of 2011Added during 2011   Existing at end of 2011

n POwER GENERaTION (GW)

Biomass power  + 5.9  725.9  72
Geothermal power  + 0.1  11.20.1  11.2
Hydropower   + 25  97025  970
Ocean power  + 0.3  0.50.3  0.5
Solar PV  + 30  7030  70
Concentrating solar thermal power (CSP)  + 0.5  1.80.5  1.8
Wind power  + 40  23840  238

n hOT waTER/hEaTING (GWth)

Modern biomass heating  + 10  29010  290
Geothermal heating  + 7  587  58
Solar collectors for hot water/space heating1  + >49  232>49  232

n TRaNSPORT FuElS (billion litres/year)

Biodiesel production  + 2.9  21.42.9  21.4

Ethanol production  -  0.4  86.1  0.4  86.1
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Note: World total reflects other countries not shown. Countries shown reflect the top seven by total renewable power capacity (not including 
hydropower); countries and rankings would differ somewhat if hydropower were included. To account for uncertainties and inconsistencies in 
available data, numbers are rounded to the nearest 1 GW, with the exception of totals below 20 GW, which are rounded to the nearest decimal 
point, and total renewable power capacities in the world column, which are rounded to the nearest 10 GW. Where totals do not add up, the dif-
ference is due to rounding. Small amounts, on the order of a few MW, are designated by “~ 0.” For more precise figures, see relevant technology 
sections in Global Market and Industry Trends by Technology and related endnotes. Figures should not be compared with prior versions of 
this table to obtain year-by-year increases as some adjustments are due to improved or adjusted data rather than to actual capacity changes. 
Hydropower total, and therefore the total world renewable capacity (and totals for some countries), is lower relative to reported data in past 
editions of the GSR, despite a sizable increase in global capacity during 2011, due to the fact that pure pumped storage capacity is no longer 
included with the hydropower data. For more information on hydropower and pumped storage, see Note on Accounting and Reporting on page 
167.

Source: See Endnote 2 for this section. 

TablE R2.  RENEwablE ElECTRIC POwER CaPaCITy, wORld aNd TOP REGIONS/COuNTRIES, 
TOTal yEaR-ENd 2011
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n TEChNOlOGy                                                               (GW)

Biomass power 72 26 17.5 4.4 13.7 7.2 0.8 2.1 3.8 3.3Biomass power 72 26 17.5 4.4 13.7 7.2 0.8 2.1 3.8 3.3Biomass power 72 26 17.5 4.4 13.7 7.2 0.8 2.1 3.8 3.3Biomass power 72 26 17.5 4.4 13.7 7.2 0.8 2.1 3.8 3.3Biomass power 72 26 17.5 4.4 13.7 7.2 0.8 2.1 3.8 3.3Biomass power 72 26 17.5 4.4 13.7 7.2 0.8 2.1 3.8 3.3Biomass power 72 26 17.5 4.4 13.7 7.2 0.8 2.1 3.8 3.3Biomass power 72 26 17.5 4.4 13.7 7.2 0.8 2.1 3.8 3.3Biomass power 72 26 17.5 4.4 13.7 7.2 0.8 2.1 3.8 3.3Biomass power 72 26 17.5 4.4 13.7 7.2 0.8 2.1 3.8 3.3Biomass power 72 26 17.5 4.4 13.7 7.2 0.8 2.1 3.8 3.3Biomass power 72 26 17.5 4.4 13.7 7.2 0.8 2.1 3.8 3.3Biomass power 72 26 17.5 4.4 13.7 7.2 0.8 2.1 3.8 3.3Biomass power 72 26 17.5 4.4 13.7 7.2 0.8 2.1 3.8 3.3

Geothermal power 11.2 0.9 0.1  ~ 0 3.1 ~ 0 0 0.8 0 0.5Geothermal power 11.2 0.9 0.1  ~ 0 3.1 ~ 0 0 0.8 0 0.5Geothermal power 11.2 0.9 0.1  ~ 0 3.1 ~ 0 0 0.8 0 0.5Geothermal power 11.2 0.9 0.1  ~ 0 3.1 ~ 0 0 0.8 0 0.5Geothermal power 11.2 0.9 0.1  ~ 0 3.1 ~ 0 0 0.8 0 0.5Geothermal power 11.2 0.9 0.1  ~ 0 3.1 ~ 0 0 0.8 0 0.5Geothermal power 11.2 0.9 0.1  ~ 0 3.1 ~ 0 0 0.8 0 0.5Geothermal power 11.2 0.9 0.1  ~ 0 3.1 ~ 0 0 0.8 0 0.5Geothermal power 11.2 0.9 0.1  ~ 0 3.1 ~ 0 0 0.8 0 0.5Geothermal power 11.2 0.9 0.1  ~ 0 3.1 ~ 0 0 0.8 0 0.5Geothermal power 11.2 0.9 0.1  ~ 0 3.1 ~ 0 0 0.8 0 0.5Geothermal power 11.2 0.9 0.1  ~ 0 3.1 ~ 0 0 0.8 0 0.5Geothermal power 11.2 0.9 0.1  ~ 0 3.1 ~ 0 0 0.8 0 0.5Geothermal power 11.2 0.9 0.1  ~ 0 3.1 ~ 0 0 0.8 0 0.5

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

Solar PV 70 51 3.7 3.1 4 25 4.5 13 0.5 4.9Solar PV 70 51 3.7 3.1 4 25 4.5 13 0.5 4.9Solar PV 70 51 3.7 3.1 4 25 4.5 13 0.5 4.9Solar PV 70 51 3.7 3.1 4 25 4.5 13 0.5 4.9Solar PV 70 51 3.7 3.1 4 25 4.5 13 0.5 4.9Solar PV 70 51 3.7 3.1 4 25 4.5 13 0.5 4.9Solar PV 70 51 3.7 3.1 4 25 4.5 13 0.5 4.9Solar PV 70 51 3.7 3.1 4 25 4.5 13 0.5 4.9Solar PV 70 51 3.7 3.1 4 25 4.5 13 0.5 4.9Solar PV 70 51 3.7 3.1 4 25 4.5 13 0.5 4.9Solar PV 70 51 3.7 3.1 4 25 4.5 13 0.5 4.9Solar PV 70 51 3.7 3.1 4 25 4.5 13 0.5 4.9Solar PV 70 51 3.7 3.1 4 25 4.5 13 0.5 4.9Solar PV 70 51 3.7 3.1 4 25 4.5 13 0.5 4.9

Concentrating solar 
thermal power (CSP) 1.8 1.1 ~ 0 0 0.5 0 1.1 ~ 0 ~ 0 0thermal power (CSP) 1.8 1.1 ~ 0 0 0.5 0 1.1 ~ 0 ~ 0 0thermal power (CSP) 1.8 1.1 ~ 0 0 0.5 0 1.1 ~ 0 ~ 0 0thermal power (CSP) 1.8 1.1 ~ 0 0 0.5 0 1.1 ~ 0 ~ 0 0thermal power (CSP) 1.8 1.1 ~ 0 0 0.5 0 1.1 ~ 0 ~ 0 0thermal power (CSP) 1.8 1.1 ~ 0 0 0.5 0 1.1 ~ 0 ~ 0 0thermal power (CSP) 1.8 1.1 ~ 0 0 0.5 0 1.1 ~ 0 ~ 0 0thermal power (CSP) 1.8 1.1 ~ 0 0 0.5 0 1.1 ~ 0 ~ 0 0thermal power (CSP) 1.8 1.1 ~ 0 0 0.5 0 1.1 ~ 0 ~ 0 0thermal power (CSP) 1.8 1.1 ~ 0 0 0.5 0 1.1 ~ 0 ~ 0 0thermal power (CSP) 1.8 1.1 ~ 0 0 0.5 0 1.1 ~ 0 ~ 0 0thermal power (CSP) 1.8 1.1 ~ 0 0 0.5 0 1.1 ~ 0 ~ 0 0thermal power (CSP) 1.8 1.1 ~ 0 0 0.5 0 1.1 ~ 0 ~ 0 0thermal power (CSP) 1.8 1.1 ~ 0 0 0.5 0 1.1 ~ 0 ~ 0 0

Wind power 238 94 80 62 47 29 22 6.7 16 2.5Wind power 238 94 80 62 47 29 22 6.7 16 2.5Wind power 238 94 80 62 47 29 22 6.7 16 2.5Wind power 238 94 80 62 47 29 22 6.7 16 2.5Wind power 238 94 80 62 47 29 22 6.7 16 2.5Wind power 238 94 80 62 47 29 22 6.7 16 2.5Wind power 238 94 80 62 47 29 22 6.7 16 2.5Wind power 238 94 80 62 47 29 22 6.7 16 2.5Wind power 238 94 80 62 47 29 22 6.7 16 2.5Wind power 238 94 80 62 47 29 22 6.7 16 2.5Wind power 238 94 80 62 47 29 22 6.7 16 2.5Wind power 238 94 80 62 47 29 22 6.7 16 2.5Wind power 238 94 80 62 47 29 22 6.7 16 2.5Wind power 238 94 80 62 47 29 22 6.7 16 2.5

Total renewable power 
capacity (not including capacity (not including capacity
hydropower) 390 174 101 70 68 61 28 22 20 11390 174 101 70 68 61 28 22 20 11390 174 101 70 68 61 28 22 20 11390 174 101 70 68 61 28 22 20 11390 174 101 70 68 61 28 22 20 11390 174 101 70 68 61 28 22 20 11390 174 101 70 68 61 28 22 20 11390 174 101 70 68 61 28 22 20 11390 174 101 70 68 61 28 22 20 11390 174 101 70 68 61 28 22 20 11390 174 101 70 68 61 28 22 20 11390 174 101 70 68 61 28 22 20 11390 174 101 70 68 61 28 22 20 11

Per capita capacity 
(kW/inhabitant, not including 
hydropower) 0.06 0.35 0.03 0.05 0.22 0.75 0.60 0.37 0.02 0.09hydropower) 0.06 0.35 0.03 0.05 0.22 0.75 0.60 0.37 0.02 0.09hydropower) 0.06 0.35 0.03 0.05 0.22 0.75 0.60 0.37 0.02 0.09hydropower) 0.06 0.35 0.03 0.05 0.22 0.75 0.60 0.37 0.02 0.09hydropower) 0.06 0.35 0.03 0.05 0.22 0.75 0.60 0.37 0.02 0.09hydropower) 0.06 0.35 0.03 0.05 0.22 0.75 0.60 0.37 0.02 0.09hydropower) 0.06 0.35 0.03 0.05 0.22 0.75 0.60 0.37 0.02 0.09hydropower) 0.06 0.35 0.03 0.05 0.22 0.75 0.60 0.37 0.02 0.09hydropower) 0.06 0.35 0.03 0.05 0.22 0.75 0.60 0.37 0.02 0.09hydropower) 0.06 0.35 0.03 0.05 0.22 0.75 0.60 0.37 0.02 0.09hydropower) 0.06 0.35 0.03 0.05 0.22 0.75 0.60 0.37 0.02 0.09hydropower) 0.06 0.35 0.03 0.05 0.22 0.75 0.60 0.37 0.02 0.09hydropower) 0.06 0.35 0.03 0.05 0.22 0.75 0.60 0.37 0.02 0.09hydropower) 0.06 0.35 0.03 0.05 0.22 0.75 0.60 0.37 0.02 0.09

      

Hydropower 970 120 383 212 79 4.4 20 18 42 28Hydropower 970 120 383 212 79 4.4 20 18 42 28Hydropower 970 120 383 212 79 4.4 20 18 42 28Hydropower 970 120 383 212 79 4.4 20 18 42 28Hydropower 970 120 383 212 79 4.4 20 18 42 28Hydropower 970 120 383 212 79 4.4 20 18 42 28Hydropower 970 120 383 212 79 4.4 20 18 42 28Hydropower 970 120 383 212 79 4.4 20 18 42 28Hydropower 970 120 383 212 79 4.4 20 18 42 28Hydropower 970 120 383 212 79 4.4 20 18 42 28Hydropower 970 120 383 212 79 4.4 20 18 42 28Hydropower 970 120 383 212 79 4.4 20 18 42 28Hydropower 970 120 383 212 79 4.4 20 18 42 28Hydropower 970 120 383 212 79 4.4 20 18 42 28

Total renewable  
power capacity 
(including hydropower) 1,360 294 484 282 147 65 48 40 62 391,360 294 484 282 147 65 48 40 62 391,360 294 484 282 147 65 48 40 62 391,360 294 484 282 147 65 48 40 62 391,360 294 484 282 147 65 48 40 62 391,360 294 484 282 147 65 48 40 62 391,360 294 484 282 147 65 48 40 62 391,360 294 484 282 147 65 48 40 62 391,360 294 484 282 147 65 48 40 62 391,360 294 484 282 147 65 48 40 62 391,360 294 484 282 147 65 48 40 62 391,360 294 484 282 147 65 48 40 62 391,360 294 484 282 147 65 48 40 62 39
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TablE R3. bIOFuEl aNd wOOd PEllET TRadE, 2011

T

n FuEl EThaNOl (million litres)

Exporter R Importer Volume

Brazil R United States 325

Canada R United States 36

El Salvador R United States 225

Jamaica R United States 109

Trinidad and Tobago R United States 46

Brazil R EU-27 49

Egypt R EU-27 28

Guatemala R EU-27 17

Pakistan R EU-27  23

Peru R EU-27  19

Russia R EU-27  12

United States R EU-27  18

EU-27 R EU-27  1,572

n bIOdIESEl TRadE (million litres)

Exporter R Importer Volume

Argentina R EU-27 1,611

Canada R United States 103

EU-27 R EU-27 4,812

EU-27 R Norway 34

EU-27 R United States 40

Indonesia R EU-27 1,225

Norway R EU-27 96

United States R EU-27 133

United States R Norway 26

United States R Canada 10

United States R Taiwan 28

United States R Israel 10

United States R Malaysia 8

United States R Australia 6

United States R India 50

n wOOd PEllETS TRadE (kilotonnes)

Exporter R Importer Volume

Australia R EU-27 14

Belarus R EU-27 100

Bosnia and Herzegovina R  EU-27 47

Canada R United States 40

Canada R Japan 50

Canada R South Korea 50

Canada R EU-27 1,160

Croatia R EU-27 115

Egypt R EU-27 10

EU-27 R Norway 18

EU-27 R Switzerland 39

EU-27 R EU-27 4,403

New Zealand R EU-27 30

New Zealand R Japan 10

New Zealand R Australia 30

Norway R EU-27 13

Russia R EU-27 475

Serbia R EU-27 47

South Africa R EU-27 43

Southeast Asia R Japan 10

Southeast Asia R South Korea 10

Ukraine R EU-27 149

United States R EU-27 1,001

Note: EU-27 to EU-27 denotes trade among countries in the 
European Union. 
Source: See Endnote 3 for this section. 
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TablE R4. bIOFuEl PROduCTION IN TOP 15 COuNTRIES PluS Eu, 2011

REFERENCE  TablES

Note: All figures are rounded to nearest 0.1 billion litres. Ethanol numbers are for fuel ethanol only. Table ranking is by total biofuel production. 
Data are by volume, not energy content.

Source: See Endnote 4 for this section. 

                              Fuel Ethanol Biodiesel TotalFuel Ethanol Biodiesel TotalFuel Ethanol Biodiesel TotalFuel Ethanol Biodiesel TotalFuel Ethanol Biodiesel Total

COuNTRy       (billion litres)

1 United States 54.2 3.2 57.41 United States 54.2 3.2 57.41 United States 54.2 3.2 57.41 United States 54.2 3.2 57.41 United States 54.2 3.2 57.41 United States 54.2 3.2 57.4

2 Brazil 21.0 2.7 23.72 Brazil 21.0 2.7 23.72 Brazil 21.0 2.7 23.72 Brazil 21.0 2.7 23.72 Brazil 21.0 2.7 23.7

3 Germany 0.8 3.2 3.93 Germany 0.8 3.2 3.93 Germany 0.8 3.2 3.93 Germany 0.8 3.2 3.93 Germany 0.8 3.2 3.9

4 Argentina 0.2 2.8 3.04 Argentina 0.2 2.8 3.04 Argentina 0.2 2.8 3.04 Argentina 0.2 2.8 3.04 Argentina 0.2 2.8 3.0

5 France 1.1 1.6 2.75 France 1.1 1.6 2.75 France 1.1 1.6 2.75 France 1.1 1.6 2.75 France 1.1 1.6 2.7

6 China 2.1 0.2 2.36 China 2.1 0.2 2.36 China 2.1 0.2 2.36 China 2.1 0.2 2.36 China 2.1 0.2 2.3

7 Canada 1.8 0.2 2.07 Canada 1.8 0.2 2.07 Canada 1.8 0.2 2.07 Canada 1.8 0.2 2.07 Canada 1.8 0.2 2.0

8 Indonesia 0.0 1.4 1.48 Indonesia 0.0 1.4 1.48 Indonesia 0.0 1.4 1.48 Indonesia 0.0 1.4 1.48 Indonesia 0.0 1.4 1.4

9 Spain 0.5 0.7 1.29 Spain 0.5 0.7 1.29 Spain 0.5 0.7 1.29 Spain 0.5 0.7 1.29 Spain 0.5 0.7 1.29 Spain 0.5 0.7 1.2

10 Thailand 0.5 0.6 1.110 Thailand 0.5 0.6 1.110 Thailand 0.5 0.6 1.110 Thailand 0.5 0.6 1.110 Thailand 0.5 0.6 1.1

11 Belgium 0.4 0.4 0.811 Belgium 0.4 0.4 0.811 Belgium 0.4 0.4 0.811 Belgium 0.4 0.4 0.811 Belgium 0.4 0.4 0.8

12 The Netherlands 0.3 0.4 0.712 The Netherlands 0.3 0.4 0.712 The Netherlands 0.3 0.4 0.712 The Netherlands 0.3 0.4 0.712 The Netherlands 0.3 0.4 0.7

13 Italy 0.0 0.6 0.613 Italy 0.0 0.6 0.613 Italy 0.0 0.6 0.613 Italy 0.0 0.6 0.613 Italy 0.0 0.6 0.6

14 Colombia 0.3 0.3 0.614 Colombia 0.3 0.3 0.614 Colombia 0.3 0.3 0.614 Colombia 0.3 0.3 0.614 Colombia 0.3 0.3 0.6

15 Austria 0.2 0.4 0.615 Austria 0.2 0.4 0.615 Austria 0.2 0.4 0.615 Austria 0.2 0.4 0.615 Austria 0.2 0.4 0.6

World Total 86.1 21.4 107.086.1 21.4 107.086.1 21.4 107.086.1 21.4 107.086.1 21.4 107.0

EU Total 4.3 9.2 13.54.3 9.2 13.54.3 9.2 13.54.3 9.2 13.54.3 9.2 13.5
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TablE R5. SOlaR Pv addITIONS aNd TOTal yEaR-ENd OPERaTING CaPaCITy, 2007–2011 

T

Note: Countries are ordered according to total operating capacity and include the top 10. With a few exceptions for very low totals, added 
capacities are rounded to nearest 5 MW, and existing capacities are rounded to nearest 0.1 GW (small amounts, on the order of a few MW, are 
designated by “~ 0”); world totals for 2010-2011 are rounded to nearest 1 GW. This is to reflect uncertainties and inconsistencies in avail-
able data (see Market and Industry Trends section and related endnotes for more specific data and differences in reported statistics). Added 
and existing figures may be slightly inconsistent due to rounding and reporting differences from year-to-year. Where totals do not add up, 
the difference is due to rounding. For more information on Italy and France, and for more specific data points, see relevant endnotes in Solar 
Photovoltaics section of Market and Industry Trends by Technology.
1 For Italy, about 3.7 GW of 2011 additions noted here was installed in a rush in late 2010, and connected to the grid in 2011. GSE accounts for 
this as part of 2011 additions. 
2 For France, most of this capacity was installed in 2010 but not connected to the grid until 2011, so included with 2011 statistics. 
3 For World, note that actual global capacity installations during 2011 were closer to 25 GW because some capacity connected to the grid during 
the year was installed in 2010; accounting for the additional GW in 2010 would increase the added capacity and total year-end data for 2010. 
For more information, see Note on Accounting and Reporting on page 167. 
Source: See Endnote 5 for this section. 

Added Total

  2007 2008 2009 2010 2011 2007 2008 2009 2010 20112007 2008 2009 2010 2011 2007 2008 2009 2010 20112007 2008 2009 2010 2011 2007 2008 2009 2010 20112007 2008 2009 2010 2011 2007 2008 2009 2010 20112007 2008 2009 2010 2011 2007 2008 2009 2010 20112007 2008 2009 2010 2011 2007 2008 2009 2010 20112007 2008 2009 2010 2011 2007 2008 2009 2010 20112007 2008 2009 2010 2011 2007 2008 2009 2010 20112007 2008 2009 2010 2011 2007 2008 2009 2010 20112007 2008 2009 2010 2011 2007 2008 2009 2010 20112007 2008 2009 2010 2011 2007 2008 2009 2010 20112007 2008 2009 2010 2011 2007 2008 2009 2010 20112007 2008 2009 2010 2011 2007 2008 2009 2010 2011

COuNTRy                  (MW)     ()     ()     (GW)            

Germany 1,270 1,950 3,795 7,405 7,485 4.2 6.1 9.9 17.3 24.8Germany 1,270 1,950 3,795 7,405 7,485 4.2 6.1 9.9 17.3 24.8Germany 1,270 1,950 3,795 7,405 7,485 4.2 6.1 9.9 17.3 24.8Germany 1,270 1,950 3,795 7,405 7,485 4.2 6.1 9.9 17.3 24.8Germany 1,270 1,950 3,795 7,405 7,485 4.2 6.1 9.9 17.3 24.8Germany 1,270 1,950 3,795 7,405 7,485 4.2 6.1 9.9 17.3 24.8Germany 1,270 1,950 3,795 7,405 7,485 4.2 6.1 9.9 17.3 24.8Germany 1,270 1,950 3,795 7,405 7,485 4.2 6.1 9.9 17.3 24.8Germany 1,270 1,950 3,795 7,405 7,485 4.2 6.1 9.9 17.3 24.8Germany 1,270 1,950 3,795 7,405 7,485 4.2 6.1 9.9 17.3 24.8Germany 1,270 1,950 3,795 7,405 7,485 4.2 6.1 9.9 17.3 24.8Germany 1,270 1,950 3,795 7,405 7,485 4.2 6.1 9.9 17.3 24.8Germany 1,270 1,950 3,795 7,405 7,485 4.2 6.1 9.9 17.3 24.8

Italy 60 340 710 2,325 9,280Italy 60 340 710 2,325 9,280Italy 60 340 710 2,325 9,280Italy 60 340 710 2,325 9,280Italy 60 340 710 2,325 9,280Italy 60 340 710 2,325 9,280Italy 60 340 710 2,325 9,2801 0.1 0.4 1.1 3.51 12.8 0.1 0.4 1.1 3.51 12.8 0.1 0.4 1.1 3.51 12.8 0.1 0.4 1.1 3.51 12.8 0.1 0.4 1.1 3.51 12.8 0.1 0.4 1.1 3.51 12.8 0.1 0.4 1.1 3.51 12.8 0.1 0.4 1.1 3.51 12.8

Japan 210 230 480 990 1,295 1.9 2.1 2.6 3.6 4.9Japan 210 230 480 990 1,295 1.9 2.1 2.6 3.6 4.9Japan 210 230 480 990 1,295 1.9 2.1 2.6 3.6 4.9Japan 210 230 480 990 1,295 1.9 2.1 2.6 3.6 4.9Japan 210 230 480 990 1,295 1.9 2.1 2.6 3.6 4.9Japan 210 230 480 990 1,295 1.9 2.1 2.6 3.6 4.9Japan 210 230 480 990 1,295 1.9 2.1 2.6 3.6 4.9Japan 210 230 480 990 1,295 1.9 2.1 2.6 3.6 4.9Japan 210 230 480 990 1,295 1.9 2.1 2.6 3.6 4.9Japan 210 230 480 990 1,295 1.9 2.1 2.6 3.6 4.9Japan 210 230 480 990 1,295 1.9 2.1 2.6 3.6 4.9Japan 210 230 480 990 1,295 1.9 2.1 2.6 3.6 4.9Japan 210 230 480 990 1,295 1.9 2.1 2.6 3.6 4.9Japan 210 230 480 990 1,295 1.9 2.1 2.6 3.6 4.9Japan 210 230 480 990 1,295 1.9 2.1 2.6 3.6 4.9

Spain 600 2,790 90 460 385 0.8 3.6 3.7 4.1 4.5Spain 600 2,790 90 460 385 0.8 3.6 3.7 4.1 4.5Spain 600 2,790 90 460 385 0.8 3.6 3.7 4.1 4.5Spain 600 2,790 90 460 385 0.8 3.6 3.7 4.1 4.5Spain 600 2,790 90 460 385 0.8 3.6 3.7 4.1 4.5Spain 600 2,790 90 460 385 0.8 3.6 3.7 4.1 4.5Spain 600 2,790 90 460 385 0.8 3.6 3.7 4.1 4.5Spain 600 2,790 90 460 385 0.8 3.6 3.7 4.1 4.5Spain 600 2,790 90 460 385 0.8 3.6 3.7 4.1 4.5Spain 600 2,790 90 460 385 0.8 3.6 3.7 4.1 4.5Spain 600 2,790 90 460 385 0.8 3.6 3.7 4.1 4.5Spain 600 2,790 90 460 385 0.8 3.6 3.7 4.1 4.5Spain 600 2,790 90 460 385 0.8 3.6 3.7 4.1 4.5

United States 205 340 475 890 1,855 0.8 1.2 1.7 2.5 4.0United States 205 340 475 890 1,855 0.8 1.2 1.7 2.5 4.0United States 205 340 475 890 1,855 0.8 1.2 1.7 2.5 4.0United States 205 340 475 890 1,855 0.8 1.2 1.7 2.5 4.0United States 205 340 475 890 1,855 0.8 1.2 1.7 2.5 4.0United States 205 340 475 890 1,855 0.8 1.2 1.7 2.5 4.0United States 205 340 475 890 1,855 0.8 1.2 1.7 2.5 4.0United States 205 340 475 890 1,855 0.8 1.2 1.7 2.5 4.0United States 205 340 475 890 1,855 0.8 1.2 1.7 2.5 4.0United States 205 340 475 890 1,855 0.8 1.2 1.7 2.5 4.0United States 205 340 475 890 1,855 0.8 1.2 1.7 2.5 4.0United States 205 340 475 890 1,855 0.8 1.2 1.7 2.5 4.0United States 205 340 475 890 1,855 0.8 1.2 1.7 2.5 4.0United States 205 340 475 890 1,855 0.8 1.2 1.7 2.5 4.0United States 205 340 475 890 1,855 0.8 1.2 1.7 2.5 4.0

China 20 40 160 500 2,140 0.1 0.2 0.3 0.9 3.1China 20 40 160 500 2,140 0.1 0.2 0.3 0.9 3.1China 20 40 160 500 2,140 0.1 0.2 0.3 0.9 3.1China 20 40 160 500 2,140 0.1 0.2 0.3 0.9 3.1China 20 40 160 500 2,140 0.1 0.2 0.3 0.9 3.1China 20 40 160 500 2,140 0.1 0.2 0.3 0.9 3.1China 20 40 160 500 2,140 0.1 0.2 0.3 0.9 3.1China 20 40 160 500 2,140 0.1 0.2 0.3 0.9 3.1China 20 40 160 500 2,140 0.1 0.2 0.3 0.9 3.1China 20 40 160 500 2,140 0.1 0.2 0.3 0.9 3.1China 20 40 160 500 2,140 0.1 0.2 0.3 0.9 3.1China 20 40 160 500 2,140 0.1 0.2 0.3 0.9 3.1China 20 40 160 500 2,140 0.1 0.2 0.3 0.9 3.1

France 15 60 185 820 1,635France 15 60 185 820 1,635France 15 60 185 820 1,635France 15 60 185 820 1,635France 15 60 185 820 1,635France 15 60 185 820 1,635France 15 60 185 820 1,6352 0.03 0.08 0.3 1.0 2.8 0.03 0.08 0.3 1.0 2.8 0.03 0.08 0.3 1.0 2.8 0.03 0.08 0.3 1.0 2.8 0.03 0.08 0.3 1.0 2.8 0.03 0.08 0.3 1.0 2.8 0.03 0.08 0.3 1.0 2.8 0.03 0.08 0.3 1.0 2.8 0.03 0.08 0.3 1.0 2.8

Belgium 25 80 520 420 975 0.03 0.1 0.6 1.0 2.0Belgium 25 80 520 420 975 0.03 0.1 0.6 1.0 2.0Belgium 25 80 520 420 975 0.03 0.1 0.6 1.0 2.0Belgium 25 80 520 420 975 0.03 0.1 0.6 1.0 2.0Belgium 25 80 520 420 975 0.03 0.1 0.6 1.0 2.0Belgium 25 80 520 420 975 0.03 0.1 0.6 1.0 2.0Belgium 25 80 520 420 975 0.03 0.1 0.6 1.0 2.0Belgium 25 80 520 420 975 0.03 0.1 0.6 1.0 2.0Belgium 25 80 520 420 975 0.03 0.1 0.6 1.0 2.0Belgium 25 80 520 420 975 0.03 0.1 0.6 1.0 2.0Belgium 25 80 520 420 975 0.03 0.1 0.6 1.0 2.0Belgium 25 80 520 420 975 0.03 0.1 0.6 1.0 2.0Belgium 25 80 520 420 975 0.03 0.1 0.6 1.0 2.0

Czech Republic 3 60 400 1,490 6 ~ 0 0.06 0.5 2.0 2.0Czech Republic 3 60 400 1,490 6 ~ 0 0.06 0.5 2.0 2.0Czech Republic 3 60 400 1,490 6 ~ 0 0.06 0.5 2.0 2.0Czech Republic 3 60 400 1,490 6 ~ 0 0.06 0.5 2.0 2.0Czech Republic 3 60 400 1,490 6 ~ 0 0.06 0.5 2.0 2.0Czech Republic 3 60 400 1,490 6 ~ 0 0.06 0.5 2.0 2.0Czech Republic 3 60 400 1,490 6 ~ 0 0.06 0.5 2.0 2.0Czech Republic 3 60 400 1,490 6 ~ 0 0.06 0.5 2.0 2.0Czech Republic 3 60 400 1,490 6 ~ 0 0.06 0.5 2.0 2.0Czech Republic 3 60 400 1,490 6 ~ 0 0.06 0.5 2.0 2.0Czech Republic 3 60 400 1,490 6 ~ 0 0.06 0.5 2.0 2.0Czech Republic 3 60 400 1,490 6 ~ 0 0.06 0.5 2.0 2.0Czech Republic 3 60 400 1,490 6 ~ 0 0.06 0.5 2.0 2.0Czech Republic 3 60 400 1,490 6 ~ 0 0.06 0.5 2.0 2.0Czech Republic 3 60 400 1,490 6 ~ 0 0.06 0.5 2.0 2.0

Australia 6 12 80 390 775 0.05 0.06 0.1 0.5 1.3Australia 6 12 80 390 775 0.05 0.06 0.1 0.5 1.3Australia 6 12 80 390 775 0.05 0.06 0.1 0.5 1.3Australia 6 12 80 390 775 0.05 0.06 0.1 0.5 1.3Australia 6 12 80 390 775 0.05 0.06 0.1 0.5 1.3Australia 6 12 80 390 775 0.05 0.06 0.1 0.5 1.3Australia 6 12 80 390 775 0.05 0.06 0.1 0.5 1.3Australia 6 12 80 390 775 0.05 0.06 0.1 0.5 1.3Australia 6 12 80 390 775 0.05 0.06 0.1 0.5 1.3Australia 6 12 80 390 775 0.05 0.06 0.1 0.5 1.3Australia 6 12 80 390 775 0.05 0.06 0.1 0.5 1.3Australia 6 12 80 390 775 0.05 0.06 0.1 0.5 1.3Australia 6 12 80 390 775 0.05 0.06 0.1 0.5 1.3

Other EU 30 95 135 525 1,850 0.2 0.3 0.4 1 2.8Other EU 30 95 135 525 1,850 0.2 0.3 0.4 1 2.8Other EU 30 95 135 525 1,850 0.2 0.3 0.4 1 2.8Other EU 30 95 135 525 1,850 0.2 0.3 0.4 1 2.8Other EU 30 95 135 525 1,850 0.2 0.3 0.4 1 2.8Other EU 30 95 135 525 1,850 0.2 0.3 0.4 1 2.8Other EU 30 95 135 525 1,850 0.2 0.3 0.4 1 2.8Other EU 30 95 135 525 1,850 0.2 0.3 0.4 1 2.8Other EU 30 95 135 525 1,850 0.2 0.3 0.4 1 2.8Other EU 30 95 135 525 1,850 0.2 0.3 0.4 1 2.8Other EU 30 95 135 525 1,850 0.2 0.3 0.4 1 2.8Other EU 30 95 135 525 1,850 0.2 0.3 0.4 1 2.8Other EU 30 95 135 525 1,850 0.2 0.3 0.4 1 2.8

Other World 120 415 395 815 2,020 1.3 1.7 2.1 2.8 4.9Other World 120 415 395 815 2,020 1.3 1.7 2.1 2.8 4.9Other World 120 415 395 815 2,020 1.3 1.7 2.1 2.8 4.9Other World 120 415 395 815 2,020 1.3 1.7 2.1 2.8 4.9Other World 120 415 395 815 2,020 1.3 1.7 2.1 2.8 4.9Other World 120 415 395 815 2,020 1.3 1.7 2.1 2.8 4.9Other World 120 415 395 815 2,020 1.3 1.7 2.1 2.8 4.9Other World 120 415 395 815 2,020 1.3 1.7 2.1 2.8 4.9Other World 120 415 395 815 2,020 1.3 1.7 2.1 2.8 4.9Other World 120 415 395 815 2,020 1.3 1.7 2.1 2.8 4.9Other World 120 415 395 815 2,020 1.3 1.7 2.1 2.8 4.9Other World 120 415 395 815 2,020 1.3 1.7 2.1 2.8 4.9Other World 120 415 395 815 2,020 1.3 1.7 2.1 2.8 4.9

Total Added 2,530 6,330 7,435 16,815 29,665Total Added 2,530 6,330 7,435 16,815 29,665Total Added 2,530 6,330 7,435 16,815 29,665Total Added 2,530 6,330 7,435 16,815 29,665Total Added 2,530 6,330 7,435 16,815 29,665Total Added 2,530 6,330 7,435 16,815 29,665Total Added 2,530 6,330 7,435 16,815 29,6653                              

World Total      9.4 15.8 23.2 40 709.4 15.8 23.2 40 709.4 15.8 23.2 40 709.4 15.8 23.2 40 709.4 15.8 23.2 40 709.4 15.8 23.2 40 709.4 15.8 23.2 40 70
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TablE R6. CONCENTRaTING SOlaR ThERMal POwER (CSP) CaPaCITy, 
 addITIONS aNd TOTal yEaR-ENd, 2011

REFERENCE  TablES

Note: Table includes all countries with operating commercial CSP capacity at end-2011. (Small amounts of 
capacity not seen here are likely pilot projects.) Where numbers do not add up to this is due to rounding.

Source: See Endnote 6 for this section. 

  Added 2011 Total End-2011Added 2011 Total End-2011Added 2011 Total End-2011Added 2011 Total End-2011

COuNTRy            (MW)                  

Spain 417 1,149Spain 417 1,149Spain 417 1,149Spain 417 1,149

United States 0 507United States 0 507United States 0 507United States 0 507

Algeria 25 25Algeria 25 25Algeria 25 25Algeria 25 25

Egypt 0 20Egypt 0 20Egypt 0 20Egypt 0 20

Morocco 0 20Morocco 0 20Morocco 0 20Morocco 0 20

Iran 0 17Iran 0 17Iran 0 17Iran 0 17

Italy 0 5Italy 0 5Italy 0 5Italy 0 5

Thailand 9.8 9.8Thailand 9.8 9.8Thailand 9.8 9.8Thailand 9.8 9.8

Australia 0 3Australia 0 3Australia 0 3Australia 0 3Australia 0 3

India 2.5 2.5India 2.5 2.5India 2.5 2.5India 2.5 2.5

Total 454 1,758454 1,758454 1,758
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TablE R7. SOlaR hOT waTER INSTallEd CaPaCITy, 
 TOP 12 COuNTRIES aNd wORld TOTal, 2010

T

Note: Countries are ordered according to total installed capacity. Data are for water and air collectors, but 
do not include swimming pool heating (unglazed collectors). World additions are gross capacity added; total 
numbers include allowances for retirements. Data for China, rest of world, and world total are rounded to 
nearest 1 GWth; other data are rounded to the nearest 0.1 GWth. By accepted convention, 1 million square 
metres = 0.7 GWth.

Source: See Endnote 7 for this section. 

  Added 2010 Total 2010

COuNTRy            (GWth)                  

China 34 118China 34 118China 34 118China 34 118

Turkey 1.2 9.3Turkey 1.2 9.3Turkey 1.2 9.3Turkey 1.2 9.3

Germany 0.8 9.2Germany 0.8 9.2Germany 0.8 9.2Germany 0.8 9.2

Japan 0.1 4.0Japan 0.1 4.0Japan 0.1 4.0Japan 0.1 4.0

Brazil 0.3 3.4Brazil 0.3 3.4Brazil 0.3 3.4Brazil 0.3 3.4

Israel 0.2 2.9Israel 0.2 2.9Israel 0.2 2.9Israel 0.2 2.9

Greece 0.1 2.9Greece 0.1 2.9Greece 0.1 2.9Greece 0.1 2.9

India 0.6 2.8India 0.6 2.8India 0.6 2.8India 0.6 2.8

Austria  0.2 2.8Austria  0.2 2.8Austria  0.2 2.8Austria  0.2 2.8Austria  0.2 2.8

Australia 0.3 2.0Australia 0.3 2.0Australia 0.3 2.0Australia 0.3 2.0

Italy 0.3 1.8Italy 0.3 1.8Italy 0.3 1.8Italy 0.3 1.8Italy 0.3 1.8

United States 0.2 1.8United States 0.2 1.8United States 0.2 1.8United States 0.2 1.8

Rest of World ~ 4 ~ 21Rest of World ~ 4 ~ 21Rest of World ~ 4 ~ 21

World Total 42 18242 18242 182
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TablE R8. wINd POwER CaPaCITy IN TOP 10 COuNTRIES, 
 addITIONS aNd TOTal yEaR-ENd, 2011

Note:  Countries are ordered according to total installed capacity. Country data are rounded to nearest 0.1 GW; world data are rounded to 
nearest GW. Rounding is to account for uncertainties and inconsistencies in available data; where totals do not add up the difference is due to 
rounding or repowering/removal of existing turbines (according to GWEC, project decommissioning totaled approximately 528 MW in 2011). 
Figures reflect a variety of sources, some of which differ to small degrees, reflecting variations in accounting or methodology. For more detailed 
information and statistics, see Wind Power section in Market and Industry Trends by Technology section and relevant endnotes.
1 For China, the lower figures are the amounts classified as operational by the end of 2010 and 2011; the higher figures are total installed capac-
ity. The world totals include the higher figures for China. See Wind Power section in Market and Industry Trends by Technology and relevant 
endnotes in GSR 2011 for further elaboration of these categories. 
2 For Germany, 2011 additions are gross; net capacity additions came to 1,885 MW due to repowering.

Source: See Endnote 8 for this section. 

Total End-2010 Added 2011 Total End-2011    

COuNTRy          COuNTRy          COuNTRy          (GW)                  

China1 30/44.7 15/17.6 45/62.4 30/44.7 15/17.6 45/62.4 30/44.7 15/17.6 45/62.4 30/44.7 15/17.6 45/62.4 30/44.7 15/17.6 45/62.4

United States 40.3 6.8 46.9United States 40.3 6.8 46.9United States 40.3 6.8 46.9United States 40.3 6.8 46.9United States 40.3 6.8 46.9

Germany 27.2 2.0 29.1Germany 27.2 2.0 29.1Germany 27.2 2.0 29.1Germany 27.2 2.0 29.1Germany 27.2 2.0 29.1

Spain 20.6 1.1 21.7Spain 20.6 1.1 21.7Spain 20.6 1.1 21.7Spain 20.6 1.1 21.7Spain 20.6 1.1 21.7

India 13.1 3.0 16.1India 13.1 3.0 16.1India 13.1 3.0 16.1India 13.1 3.0 16.1India 13.1 3.0 16.1

France 6.0 0.8 6.8France 6.0 0.8 6.8France 6.0 0.8 6.8France 6.0 0.8 6.8France 6.0 0.8 6.8

Italy 5.8 1.0 6.7Italy 5.8 1.0 6.7Italy 5.8 1.0 6.7Italy 5.8 1.0 6.7Italy 5.8 1.0 6.7

United Kingdom 5.2 1.3 6.5United Kingdom 5.2 1.3 6.5United Kingdom 5.2 1.3 6.5United Kingdom 5.2 1.3 6.5United Kingdom 5.2 1.3 6.5

Canada 4.0 1.3 5.3Canada 4.0 1.3 5.3Canada 4.0 1.3 5.3Canada 4.0 1.3 5.3Canada 4.0 1.3 5.3Canada 4.0 1.3 5.3

Portugal 3.7 0.4 4.1Portugal 3.7 0.4 4.1Portugal 3.7 0.4 4.1Portugal 3.7 0.4 4.1Portugal 3.7 0.4 4.1

World Total 198 40 238198 40 238198 40 238198 40 238
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TablE R9. ShaRE OF PRIMaRy aNd FINal ENERGy FROM RENEwablES, 
 EXISTING IN 2009/2010 aNd TaRGETS

T

Primary Energy Final Energy

COuNTRy Share (2009/2010)1  Target Share (2009/2010)  Target Share (2009/2010)  Target Share (2009/2010)  Target Share (2009/2010)1 Target Target

EU-27 9.0%   12.4%9.0%   12.4%9.0%   12.4%9.0%   12.4% R 20% by 2020

Albania  Albania  R 18% by 2020  18% by 2020  18% by 2020  
Algeria     Algeria     Algeria     Algeria     R 40% by 2030
Austria2 27.3%  27.3% R 30.7%   30.7%   30.7%  R 45% by 2020
Belgium 3.9%   5.4% Belgium 3.9%   5.4% Belgium 3.9%   5.4% Belgium 3.9%   5.4% R 13% by 2020
Botswana     Botswana     Botswana     Botswana     R 1% by 2016
Bulgaria 6.2%   12.9% Bulgaria 6.2%   12.9% Bulgaria 6.2%   12.9% Bulgaria 6.2%   12.9% R 16% by 2020
Burundi     Burundi     Burundi     Burundi     R 2.1% by 2020
China     China     China     China     R 11.4% by 2015    
                    R 15% by 2020
Côte d’Ivoire  Côte d’Ivoire  R 3% by 2013                       3% by 2013                       3% by 2013                       
    R 5% by 2015  5% by 2015  5% by 2015  
Cyprus 3.5%   5.5% Cyprus 3.5%   5.5% Cyprus 3.5%   5.5% Cyprus 3.5%   5.5% R 13% by 2020
Czech Republic2 5.7%   9.7%  5.7%   9.7%  5.7%   9.7%  5.7%   9.7% R 13.5% by 2020
Denmark 16.7%   23.0% Denmark 16.7%   23.0% Denmark 16.7%   23.0% Denmark 16.7%   23.0% R 35% by 2020
                    R 100% by 2050
Egypt     Egypt     Egypt     Egypt     R 20% by 2020
Estonia 13.5%   24.1% Estonia 13.5%   24.1% Estonia 13.5%   24.1% Estonia 13.5%   24.1% R 25% by 2020
Fiji     Fiji     Fiji     Fiji     R 100% by 2013
Finland 23.2%   33.6% Finland 23.2%   33.6% Finland 23.2%   33.6% Finland 23.2%   33.6% R 38% by 2020                     
France 7.5%   12.4% France 7.5%   12.4% France 7.5%   12.4% France 7.5%   12.4% R 27% by 2020
Gabon     Gabon     Gabon     Gabon     R 80% by 2020
Germany2 9.7%   11.3%  9.7%   11.3%  9.7%   11.3%  9.7%   11.3% R 18% by 2020                      18% by 2020                      
                    R 30% by 2030                       30% by 2030                       
                    R 45% by 2040                    
                    R 60% by 2050
Greece2 6.1%   9.1%  6.1%   9.1%  6.1%   9.1%  6.1%   9.1% R 20% by 2020
Hungary 7.1%    8.5% Hungary 7.1%    8.5% Hungary 7.1%    8.5% Hungary 7.1%    8.5% R 13% by 2020
Indonesia  Indonesia  R 25% by 2025  25% by 2025  25% by 2025  
Ireland 4.3%   5.9% Ireland 4.3%   5.9% Ireland 4.3%   5.9% Ireland 4.3%   5.9% R 16% by 2020
Israel     Israel     Israel     Israel     R 50% by 2020
Italy 9.5%   10.1% Italy 9.5%   10.1% Italy 9.5%   10.1% Italy 9.5%   10.1% R 17% by 2020
Jamaica  Jamaica  R 15% by 2020         15% by 2020         
    R 20% by 2030  20% by 2030  20% by 2030  
Japan3    R 10% by 2020  10% by 2020  10% by 2020  
Jordan 1.9% Jordan 1.9% R 7% by 2015                  7% by 2015                  7% by 2015                  
    R 10% by 2020  10% by 2020  10% by 2020  
Latvia 36.2%   34.3% Latvia 36.2%   34.3% Latvia 36.2%   34.3% Latvia 36.2%   34.3% R 40% by 2020
Lebanon     Lebanon     Lebanon     Lebanon     R 12% by 2020
Libya  Libya  R 10% by 2020  10% by 2020  10% by 2020  
Lithuania 10.5%  Lithuania 10.5%  R 20% by 2025 21.1% 20% by 2025 21.1% 20% by 2025 21.1% R 23% by 2020
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TablE R9. ShaRE OF PRIMaRy aNd FINal ENERGy FROM RENEwablES, 
 EXISTING IN 2009/2010 aNd TaRGETS (CONTINuEd)

COuNTRy Share (2009/2010)1  Target Share (2009/2010)1  Target

Luxembourg 2.8%   2.6%  R 11% by 2020
Madagascar      R 54% by 2020
Malawi  R 7% by 2020  
Mali  R 15% by 2020  
Malta     0.3% R 10% by 2020
Mauritania  R 15% by 2015              
  R 20% by 2020  
Mauritius  R 35% by 2025  
Moldova  R 20% by 2020  
Morocco  R 8% by 2012  R 10% by 2012
  R 10–12% by 2020
  R 15–20% by 2030   
Netherlands2 3.9%   3.8% R 14% by 2020
Niger  R 10% by 2020  
Norway 42.4%    R 67.5% by 2020
Palau  R 20% by 2020  
Palestinian Territories 18.0%   18.0% R 25% by 2012
Poland 10.8% R 12% by 2020 9.9% R 15% by 2020
Portugal 19.0%   24.7% R 31% by 2020
Romania 14.9%    21.4% R 24% by 2020
Samoa  R 20% by 2030  
Senegal  R 15% by 2025  
Serbia 13.4%    R 32.5%
     (no target date)
Slovakia 7.2%   11.4% R 14% by 2020
Slovenia 12.7%   21.7% R 25% by 2020
South Korea  R 4.3% by 2015
  R 6.1% by 2020
  R 11% by 2030  
Spain2 11.3%   13.2% R 20.8% by 2020
Sweden2 34.4%   46.9% R 50% by 2020                      
Switzerland 16.9% R 24% by 2020  
Syria 5.4% R 4.3% by 2011 5.2% 
Thailand  R 20% by 2022  
Tonga     R 100% by 2013
Turkey  R 30% by 2023  
Ukraine 1.0% R 19% by 2030  
United Kingdom 3.6%   8.1% R 15% by 2020
Uruguay 49.3% R 100% by 2015  
Vietnam  R 5% by 2020
  R 8% by 2025                           
  R 11% by 2050  

Primary Energy Final Energy
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TablE R9 aNNEX.  
PRIMaRy ENERGy ShaRES OF COuNTRIES wIThOuT PRIMaRy OR FINal ENERGy TaRGETS

Primary Energy

COuNTRy Share (2009/2010)1

Argentina 9.7%Argentina 9.7%
Barbados 36.1%Barbados 36.1%
Belize 24.8%Belize 24.8%
Bolivia 12.1%Bolivia 12.1%
Bosnia and Herzegovina 19.7%Bosnia and Herzegovina 19.7%
Brazil 47.5%Brazil 47.5%
Chile 74.9%Chile 74.9%
Colombia 8.0%Colombia 8.0%
Costa Rica 100%Costa Rica 100%
Croatia 10.9%Croatia 10.9%
Cuba 19.8%Cuba 19.8%
Dominican Republic 100%Dominican Republic 100%
Ecuador 5.3%Ecuador 5.3%
El Salvador 100%El Salvador 100%
Grenada 100%Grenada 100%
Guatemala 92.1%Guatemala 92.1%
Guyana 100%Guyana 100%
Haiti 100%Haiti 100%
Honduras 100%Honduras 100%
Mexico 6.3%Mexico 6.3%
Morocco 2.0%Morocco 2.0%
Nicaragua 100%Nicaragua 100%
Panama 100%Panama 100%
Paraguay 100%Paraguay 100%
Peru 23.2%Peru 23.2%
Philippines 38.9%Philippines 38.9%
Suriname 16.3%Suriname 16.3%
Turkey 9.9%Turkey 9.9%
Uganda 92.0%Uganda 92.0%
United States 11.8%United States 11.8%
Venezuela 3.1%Venezuela 3.1%

1 Primary energy shares figures are given for end-2010, except for the following cases where share figures refer to end-2009: EU-27, Austria, 
Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, 
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, United Kingdom 
(shares taken from Eurostat).  
2 Final energy targets for all EU-27 countries are set under EU Directive 2009/28/EC. The governments of Austria, Czech Republic, Greece, 
Hungary, Spain, and Sweden have set additional targets that are shown above EU targets. The German targets for 2030, 2040, and 2050 are also 
additional targets set by the German government, and are not mandatory. The government of the Netherlands has reduced its more ambitious 
target to the level set in the EU Directive.
3 The primary energy target for Japan includes large hydropower.
Source: See Endnote 9 for this section.
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TablE R10. EXISTING RENEwablES ShaRE OF ElECTRICITy PROduCTION 

  
Share

  
COuNTRy (2010) Target  

  
Share

  
COuNTRy (2010) Target  

Global 20.0%1

EU-27 21.0%

Algeria 0.4% R 5% by 2017              
  R 20% by 2030

Australia 8.7% R 20% by 2020

Bangladesh  R 5% by 2015              
  R 10% by 2020

Belgium 8.0% R 20.9% by 2020

Cape Verde  R 50% by 2020

Chile2  R 8% by 2020                 
  R 10% by 2025

Cook Islands  R 50% by 2015         
  R 100% by 2020

Costa Rica  R 100% by 2021

Czech Republic 8.0% 

Denmark 32.0% R 50% by 20203

  R 100% by 2050

Egypt 10.0% R 20% by 2020

Eritrea  R 50% 
      (no target date)

Estonia 8.0% R 18% by 2015

France 15.0% R 27% by 2020

Gabon 46.0% R 70% by 2020

Greece 16.0% R 40% by 2020

Germany 17.1% R 35% by 2020          
  R 50% by 2030          
  R 65% by 2040          
  R 80% by 2050

Ghana  R 10% by 2020

Guatemala 63.0% R 70% by 2022

India 9.9% R 10% by 2012

Indonesia 13.2% R 15% by 2025

Ireland 14.8% R 40% by 2020

Israel 0.2% R 5% by 2014            
  R 10% by 2020

Italy 20.1% R 26% by 2020

Jamaica 14.0% R 15% by 2020

Kiribati  R 10% 
   (no target date)   (no target date)

Kuwait  R 5% by 2020

Libya 0% R 10% by 2020           
  R 30% by 2030

Madagascar 57.0% R 75% by 2020

Malaysia  R 10% 
   (no target date)   (no target date)

Mali  R 25% by 2020

Marshall Islands  R 20% by 2020

Mauritius  R 35% by 2025

Mexico 19.0% R 35% by 2025

Mongolia  R 20–25% by 2020

Morocco 18.3%  R 20% by 2012           

New Zealand 73.0% R 90% by 2025

Nicaragua 35.0% R 38% by 2011

Nigeria2  R 18% by 2025               
  R 20% by 2030

Niue  R 100% by 2020

Pakistan2  R 10% by 2012

Palestinian 
Territories  R 10% by 2020

Philippines 26.3% R 40% by 2020

Portugal  53.0% R 55–60% by 2020

Romania 34.0% R 43% by 2020

Russia  R 2.5% by 2015        
  R 4.5% by 2020

Rwanda  R 90% by 2012

St. Lucia  R 5% by 2013                    
  R 15% by 2015             
  R 30% by 2020

St. Vincent and   R 30% by 2015
the Grenadines  R 60% by 2020

Senegal 10.0% R 15% by 2020

Seychelles  R 5% by 2020             
  R 15% by 2030

Electricity ProductionElectricity Production
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Share

  
COuNTRy (2010) Target  

Solomon Islands  R 50% by 2015

South Africa 1.8% R 4% by 2013            
  R 13% by 2020

Spain 34.0% R 38.1% by 2020

Sri Lanka  R 10% by 2015

Thailand 5.6% R 11% by 2011          
  R 14% by 2022

Tonga  R 50% by 2012

Tunisia 1.3% R 4% by 2011               
  R 16% by 2016             
  R 40% by 2030

Turkey 26.0% R 30% by 2023

Tuvalu  R 100% by 2020

Uganda 54.0% R 61% by 2017

United Kingdom 7.4% R 15% by 2015                                   
(Scotland)   R 80% by 2020    

Uruguay2 10.0% R 15% by 2015

Vietnam  R 5% by 2020

Note: Actual percentages are rounded to the nearest whole decimal for figures over 10%. The United States and Canada have de-facto state 
or provincial-level targets through existing RPS policies (see Table R11), but no national targets. Some countries shown have other types of 
targets (see Tables R7 and R9). See Policy Landscape section for more information about sub-national targets. Existing shares are indicative 
and are not intended to be a fully reliable reference. Share of electricity can be calculated using different methods. Reported figures often 
do not specify which method is used to calculate them, so the figures in this table for share of electricity are likely a mixture of the different 
methods and thus not directly comparable or consistent across countries. In particular, certain shares sourced from Observ’ER are different 
from those provided to REN21 by report contributors. In situations of conflicting shares, figures provided to REN21 by report contributors 
were given preference. The difference likely stems from calculations using different (and equally valid) methods.

1 Global share is for end-2009.

2 For certain countries, existing shares exclude large hydro, because corresponding targets exclude large hydro.  

3 Denmark set a target of 50% electricity consumption supplied by wind power by 2020 in March 2012.

Source: See Endnote 10 for this section. 

Electricity Production

TablE R10. (CONTINuEd)
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TablE R10 aNNEX. 
EXISTING RENEwablES ShaRE OF ElECTRICITy PROduCTION IN COuNTRIES wIThOuT TaRGETS

Norway 96.0%
Panama 59%
Papua New Guinea 36.0%
Paraguay 100%
Peru 55.0%
Poland 6.4%
Saudi Arabia 0%
Serbia 33.0%
Slovakia 23.0%
Slovenia 30.0%
South Korea 1.9%
Sudan 81.0%
Suriname 73.0%
Sweden 55.0%
Switzerland 58.0%
Syria 6.0%
Taiwan 4.3%
Tanzania 46.0%
Uganda 54.0%
Ukraine 7.0%
United States 11.0%
Uzbekistan 22.0%
Venezuela 66.0%

COuNTRy Share (2010)COuNTRy Share (2010)

Argentina 31.0%
Austria  68.0%
Belarus 0.3%
Bolivia 26%
Bosnia and Herzegovina 47.0%
Brazil 85.0%
Bulgaria 13.0%
Cameroon 88.0%
Canada 60.0%
Columbia  70.0%
Costa Rica 94.0%
Côte d'Ivoire 30.0%
Croatia 61.0%
Cuba 7.0%
Cyprus 0.9%
Dominican Republic 9.0%
Ecuador 45.0%
El Salvador 65.0%
Eritrea 1.0%
Ethiopia 88.9%
Finland 30.0%
Guyana 6.0%
Haiti 35.0%
Honduras 65.0%
Hungary 7.3%
Iceland 100%
Iran 4.0%
Iraq 1.1%
Japan2 3.5%
Jordan 0.2%
Kazakhstan 11.0%
Kenya 66.0%
Latvia 55.0%
Lebanon 12.0%
Lithuania 28.0%
Luxembourg 35.0%
Malawi 2.8%
Malta 0.1%
Moldova 2.0%
The Netherlands 9.7%

Electricity Production Electricity Production
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TablE R11. OThER RENEwablE ENERGy TaRGETS

T

COuNTRy TargetTargetT Description

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

Algeria Renewables in Install an additional 22,000 MW of renewable power generating Algeria Renewables in Install an additional 22,000 MW of renewable power generating 
 general capacity between 2011 and 2030; 110 MW by 2013; 650 MW by 2015;   general capacity between 2011 and 2030; 110 MW by 2013; 650 MW by 2015;  
  2,6  2,600 MW by 2020; 12,000 MW for domestic use and 10,000 MW 
  for export by 2030  for export by 2030
 Large-scale renewables  41,000 GWh/year by 2020    Large-scale renewables  41,000 GWh/year by 2020   
 Wind  50 MW wind farm development from 2011–2015; 3% of final energy by Wind  50 MW wind farm development from 2011–2015; 3% of final energy by
  2030; 1,700 MW installed from 2016–2030; 3% of final energy by 2030  2030; 1,700 MW installed from 2016–2030; 3% of final energy by 2030
 Solar PV  800 MW by 2020; 200 MW/yr every year from 2021–2030;  Solar PV  800 MW by 2020; 200 MW/yr every year from 2021–2030; 
  2,800 MW by 2030  2,800 MW by 2030
 Solar (PV and CSP) 37% of final energy by 2030 Solar (PV and CSP) 37% of final energy by 2030
 CSP  300 MW 2012–2013; 1,200 MW 2016–2020; 500 MW/yr every  CSP  300 MW 2012–2013; 1,200 MW 2016–2020; 500 MW/yr every 
  year from 2021–2023; 600 MW/yr every year from 2024–2030  year from 2021–2023; 600 MW/yr every year from 2024–2030

Argentina Wind 1.2 GW by 2016Argentina Wind 1.2 GW by 2016
 Solar 3.3 GW by 2020 Solar 3.3 GW by 2020
 Geothermal 30 MW electric capacity by 2012 Geothermal 30 MW electric capacity by 2012

Austria Wind 2,000 MW addition by 2020Austria Wind 2,000 MW addition by 2020
 Solar PV 1,200 MW addition by 2020 Solar PV 1,200 MW addition by 2020
 Hydro 1,000 MW addition by 2020 Hydro 1,000 MW addition by 2020
 Biomass, biogas 200 MW addition by 2020 Biomass, biogas 200 MW addition by 2020

Bangladesh Solar 500 MW by 2015Bangladesh Solar 500 MW by 2015
 Rural off-grid solar 2.5 million units by 2015 Rural off-grid solar 2.5 million units by 2015
 Biomass 2 MW biomass electricity plant by 2014 Biomass 2 MW biomass electricity plant by 2014
 Biogas 4 MW biogas electricity plant by 2014 Biogas 4 MW biogas electricity plant by 2014
 Biodigesters 150,000 installed by 2016 Biodigesters 150,000 installed by 2016

Belgium Electricity 8 TWh/year by 2020 (Wallonia)Belgium Electricity 8 TWh/year by 2020 (Wallonia)
 Heating and cooling 11.9% share of renewable energy in gross final consumption in  Heating and cooling 11.9% share of renewable energy in gross final consumption in 
  heating and cooling by 2020  heating and cooling by 2020
 Transport 10.15% share of renewable energy in gross final consumption in  Transport 10.15% share of renewable energy in gross final consumption in 
  transport by 2020  transport by 2020

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

Brazil Wind 11.5 GW by 2020Brazil Wind 11.5 GW by 2020
 Small hydro 6.4 GW by 2020 Small hydro 6.4 GW by 2020
 Biomass 9.1 GW by 2020 Biomass 9.1 GW by 2020

Bulgaria Solar PV: 80 MW PV park operational by 2014 Bulgaria Solar PV: 80 MW PV park operational by 2014 
 Hydro: 80 MW hydroelectric plant commissioned by 2011;  Hydro: 80 MW hydroelectric plant commissioned by 2011; 
  three 174 MW hydropower plants by 2017–18  three 174 MW hydropower plants by 2017–18

Canada Wind 10 GW by 2015Canada Wind 10 GW by 2015
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TablE R11. OThER RENEwablE ENERGy TaRGETS
 (CONTINuEd)

COuNTRy TargetTargetT Description

China Wind 100 GW on-grid by 2015; 
  5 GW offshore by 2015 and 30 GW offshore by 2020 
 Solar 15 GW by 2015 (1 GW CSP)
 Hydro 284 GW by 2015
 Biofuels 5 million tonnes of ethanol fuel used between 2011 and 2015 

Colombia Renewables in general 5% of total energy mix by 2015 (excluding large hydro)                                         
  New renewables to reach 6.5% of interconnected electricity system 
  by 2020
 Rural off-grid Renewables installed capacity share of 20% by 2015 and 30% by 
  2030 (currently 8%)

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

Denmark Wind 50% share in electricity consumption by 2020
 Heating and cooling 39.8% by 2020; 100% by 2050
 Transport 10% by 2020; 100% by 2050
 Industry 100% renewables by 2050

Djibouti Rural energy 30% of rural electrification to come for solar PV by 2017

Egypt Wind 12% of electricity and 7,200 MW by 2020
 Hydro, solar, and
 other renewables   8% of electricity by 2020

Eritrea Wind 50% of electricity generation

Ethiopia Wind  770 MW by 2014
 Hydro 10,641.6 MW (>90% large-scale) by 2015; 22,000 MW by 2030
 Geothermal 75 MW by 2015; 450 MW by 2018; 1,000 MW by 2030
 Bagasse 103.5 MW

Finland Renewables in general Increase use of renewables by at least 25% by 2015 and 40% 
  by 2025
 Wind 884 MW by 2020
 Hydro 14,598 MW by 2020
 Biomass 13,152 MW by 2020

France Wind 25 GW, including 6 GW offshore, by 2020
 Heating and cooling  33% by 2020
 Transport 10.5% by 2020

Germany Heating and cooling 14% renewable energy in total heat supply by 2020

Ghana Renewables in general 10% by 2020

Greece Solar PV 2,200 MW by 2030
 Heating and cooling 20% renewable energy in heating and cooling by 2020

Guinea-Bissau Solar PV 2% of primary energy by 2015
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TablE R11. OThER RENEwablE ENERGy TaRGETS
 (CONTINuEd)

T

COuNTRy TargetTargetT Description

India Renewables in general 3.5 GW new renewables 2011–12
 Wind 9,000 MW by 2012
 Solar 20 GW grid-connected solar by 2022; 2,000 MW off-grid by 2020; 20  
  million solar lighting systems by 2022; 14 GWth (20 million m2) solar  
  thermal collector area by 2022

Indonesia Wind, solar, hydro 1.4% share (combined) by 2025
 Wind 0.1 GW by 2025
 Solar PV 156.76 MW by 2025
 Hydro 2 GW, including 0.43 GW micro-hydro, by 2025
 Geothermal 6.3% share in primary energy and 12.6 GW electricity by 2025
 Biofuel 10.2% share in primary energy by 2025

Ireland Heating 15% by 2020

Italy Wind (onshore) 18,000 GWh generation and 12,000 MW capacity by 2020
 Wind (offshore) 2,000 GWh generation and 680 MW by 2020
 Solar PV 23,000 MW by 2017
 Hydro 42,000 GWh generation and 17,800 MW capacity by 2020
 Geothermal 6,750 GWh generation and 920 MW capacity by 2020; 12,560 TJ 
  in heating and cooling by 2020
 Solar thermal 66,403 TJ (1,586 ktoe) by 2020
 Biofuels 121,375 TJ (2,899 ktoe) in transport by 2020 
 Biomass 19,780 GWh generation and 3,820 MW capacity by 2020; 237,391 TJ 
  in heating and cooling by 2020 
 Heating and cooling 17.1% by 2020
 Transport 17.4% by 2020

Japan Wind 5 GW by 2020
 Solar PV 28 GW by 2020
 Hydro 49 GW by 2020
 Geothermal 0.53 GW by 2020
 Biomass 3.3 GW by 2020

Jordan Wind 1,000 MW by 2020
 Solar thermal 300–600 MW by 2020
 Solar water heaters 30% of households by 2020 (from 13% in 2010)

Kenya Renewables in general Double installed capacity by 2012
 Geothermal 5,000 MW by 2030

Lebanon Solar water heaters 0.13 GWth (190,000 m2) new solar water installed during 2009–2014

Lesotho Rural energy 35% of rural electrification from renewables by 2020

Libya Wind 500 MW by 2015; 1,000 MW by 2020
 Solar PV 100 MW by 2015; 500 MW by 2020
 CSP 200 MW by 2015; 750 MW by 2020
 Solar water heaters 80 MW by 2015; 250 MW by 2020
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TablE R11. OThER RENEwablE ENERGy TaRGETS
 (CONTINuEd)

COuNTRy TargetTargetT Description

Malawi Hydro  346.5 installed capacity by 2014Malawi Hydro  346.5 installed capacity by 2014

Malaysia Electricity  2,065 MW (excluding large hydro), 11.2 TWh, or 10% of national Malaysia Electricity  2,065 MW (excluding large hydro), 11.2 TWh, or 10% of national 
  supply; 6% capacity and 5% generation by 2015; 11% capacity and   supply; 6% capacity and 5% generation by 2015; 11% capacity and 
  9% generation by 2020; 14% capacity and 11% generation by 2030;    9% generation by 2020; 14% capacity and 11% generation by 2030;  
  36% capacity and 15% generation by 2050   36% capacity and 15% generation by 2050 

Micronesia Electricity 10% renewable energy in electricity generation in urban centers Micronesia Electricity 10% renewable energy in electricity generation in urban centers 
  and 50% in rural areas by 2020  and 50% in rural areas by 2020

Morocco Wind  1,440 MW by 2015; 2,000 MW by 2020                                             Morocco Wind  1,440 MW by 2015; 2,000 MW by 2020                                             
 Solar  2,000 MW by 2020                                                                                     Solar  2,000 MW by 2020                                                                                    
 Small hydro 400 MW by 2015                                                                       Small hydro 400 MW by 2015                                                                      
 Solar hot water 0.28 GW Solar hot water 0.28 GWth (400,000 m2) by 2012, 1.19 GWth (1.7 million m2) by 2020

Mozambique Wind, solar, and hydro 2,000 MW eachMozambique Wind, solar, and hydro 2,000 MW each
 Solar PV Installation of 82,000 systems Solar PV Installation of 82,000 systems
 Biodigesters 1,000 systems installed Biodigesters 1,000 systems installed

Wind pumping stations 3,000 installed
 Solar heaters 100,000 installed in rural areas Solar heaters 100,000 installed in rural areas
 Renewable energy- 5,000 installed  Renewable energy- 5,000 installed 

based productive systems

Namibia Renewables in general 40 MW renewable capacity (excluding hydro) by 2011Namibia Renewables in general 40 MW renewable capacity (excluding hydro) by 2011

Nauru Renewables in general 50% of energy demand from alternative energy sources by 2015Nauru Renewables in general 50% of energy demand from alternative energy sources by 2015

Nepal Wind 1 MW by 2013Nepal Wind 1 MW by 2013
 Solar 3 MW by 2013 Solar 3 MW by 2013
 Micro-hydro 15 MW by 2013 Micro-hydro 15 MW by 2013

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

Nigeria Wind 40 MW by 2025Nigeria Wind 40 MW by 2025
 Solar PV 300 MW by 2015; 4,000 MW by 2025 Solar PV 300 MW by 2015; 4,000 MW by 2025
 Small hydro 100 MW by 2015; 760 MW by 2025 Small hydro 100 MW by 2015; 760 MW by 2025
 Biomass 5 MW biomass-fired capacity by 2015; 30 MW by 2025 Biomass 5 MW biomass-fired capacity by 2015; 30 MW by 2025

Norway  Renewables in general 30 TWh by 2016Norway  Renewables in general 30 TWh by 2016
 Common electricity  Common electricity 
 certificate market  certificate market 
 with Sweden 26.4 TWh by 2020 with Sweden 26.4 TWh by 2020

Palestinian  Wind 44 MW by 2020Palestinian  Wind 44 MW by 2020
Territories  Solar PV 45 MW by 2020Territories  Solar PV 45 MW by 2020
 CSP 20 MW by 2020 CSP 20 MW by 2020
 Biomass power 21 MW by 2020 Biomass power 21 MW by 2020



115

RE
NE

w
ab

lE
S 

20
12

 G
lO

ba
l 

ST
aT

uS
 R

EP
OR

T

T

COuNTRy TargetTargetT Description

Philippines Renewables in general Triple 2010 renewable power capacity by 2030 
 Wind 2,378 MW by 2030 Wind 2,378 MW by 2030
 Solar 285 MW by 2030 Solar 285 MW by 2030
 Hydro 8,724.1 MW by 2030 Hydro 8,724.1 MW by 2030
 Geothermal 3,461 MW by 2030 Geothermal 3,461 MW by 2030
 Biomass 315.7 MW by 2030 Biomass 315.7 MW by 2030
 Ocean 70.5 MW by 2030 Ocean 70.5 MW by 2030

Romania Renewables in general 8.3% by 2011Romania Renewables in general 8.3% by 2011
 Heating and cooling 22% by 2020 Heating and cooling 22% by 2020
 Transport 10% by 2020 Transport 10% by 2020

Rwanda Small hydro 42 MW by 2015Rwanda Small hydro 42 MW by 2015

Serbia Wind 1,390 MWSerbia Wind 1,390 MW
 Solar 10–150 MW by 2017 Solar 10–150 MW by 2017

South Africa Renewables in general 3,100 MW capacity (including 500 MW wind and 50 MW CSP), South Africa Renewables in general 3,100 MW capacity (including 500 MW wind and 50 MW CSP), 
  and 10,000 GWh produced by 2013  and 10,000 GWh produced by 2013

South Korea Renewables in general 13,016 GWh (2.9%) by 2015; 21,977 GWh (4.7%) by 2020; South Korea Renewables in general 13,016 GWh (2.9%) by 2015; 21,977 GWh (4.7%) by 2020; 
  39,517 GWh (7.7%) by 2030  39,517 GWh (7.7%) by 2030
 Solar thermal 2,046 GWh by 2030 Solar thermal 2,046 GWh by 2030
 Solar PV 1,971 GWh by 2030 Solar PV 1,971 GWh by 2030
 Wind 16,619 GWh by 2030 Wind 16,619 GWh by 2030
 Small hydro 1,926 GWh by 2030 Small hydro 1,926 GWh by 2030
 Forest biomass 2,628 GWh by 2030 Forest biomass 2,628 GWh by 2030
 Biogas 161 GWh by 2030 Biogas 161 GWh by 2030
 Geothermal 2,803 GWh by 2030 Geothermal 2,803 GWh by 2030
 Ocean 6,159 GWh by 2030 Ocean 6,159 GWh by 2030
 Large hydro 3,860 GWh by 2030 Large hydro 3,860 GWh by 2030

Spain              Hydro  13,861 MW by 2020Spain              Hydro  13,861 MW by 2020
   Pumping  8,811 MW by 2020   Pumping  8,811 MW by 2020
   Geothermal  50 MW by 2020   Geothermal  50 MW by 2020
  Solar PV  7,250 MW by 2020  Solar PV  7,250 MW by 2020
   Solar thermoelectric 4,800 MW by 2020     Solar thermoelectric 4,800 MW by 2020  
   Ocean energy  100 MW by 2020     Ocean energy  100 MW by 2020  
   Onshore wind  35,000 MW by 2020   Onshore wind  35,000 MW by 2020
   Offshore wind  750 MW by 2020   Offshore wind  750 MW by 2020
   Solid biomass  1,350 MW by 2020   Solid biomass  1,350 MW by 2020
   Waste  200 MW by 2020   Waste  200 MW by 2020
   Biogas  400 MW by 2020    Biogas  400 MW by 2020 
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TablE R11. OThER RENEwablE ENERGy TaRGETS
 (CONTINuEd)
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COuNTRy TargetTargetT Description

Spain Hydro 2.9% by 2020 
   Wind 6.3% by 2020 
   Biomass, biogas,   
 and waste 5.8% by 2020
   Solar 3% by 2020 
   Biofuels  2.7% by 2020
   Geothermal, ocean  
  energies, and heat pump 0.1% by 2020   
 Transport 11.3% renewable energy share in final consumption of energy
  in transport by 2020
 Bioethanol/bio-ETBE 400 ktoe by 2020 
 Biodiesel  2,313 ktoe by 2020

Electricity for transport 20,976 TJ (501 ktoe) from renewable energy sources by 2020                                                                                                Electricity for transport 20,976 TJ (501 ktoe) from renewable energy sources by 2020                                                                                                Electricity for transport
 Heating and cooling 18.9% by 2020
 Geothermal 9.5 ktoe by 2020 
 Solar thermal 644 ktoe by 2020
 Biomass 4,653 ktoe by 2020
 Heat pump 212.7 TJ (50.8 ktoe) by 2020

Sri Lanka Biofuels 20% supply by 2020
 Non-traditional 
 renewables 10% of power generation by 2015

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

Sweden Electricity 25 TWh more renewable electricity than in 2002 by 2020
 Transport Vehicle fleet that is independent from fossil fuels by 2030
 Common electricity 
 certificate market 
 with Norway 26.4 TWh by 2020

Syria Wind 150 MW by 2015; 1,000 MW by 2020; 1,500 MW by 2025; 
  2,000 MW by 2030
 Solar PV 45 MW by 2015; 380 MW by 2020; 1,100 MW by 2025; 
  1,750 MW by 2030
 CSP 50 MW by 2025
 Biomass power 140 MW by 2020; 260 MW by 2025; 400 MW by 2030
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:Spain Hydro 2.9% by 2020 
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:Spain Hydro 2.9% by 2020 

 Wind 6.3% by 2020 
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 Wind 6.3% by 2020 
   Biomass, biogas,   
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   Biomass, biogas,   
 and waste 5.8% by 2020
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 and waste 5.8% by 2020
   Solar 3% by 2020 Fi

n
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:

   Solar 3% by 2020 

Note: Indonesia has a target of 3 GW pumped storage by 2025; South Korea has a target of 1,340 GWh from landfill gas by 2030; additional 
targets exist at the state/provincial level in a number of countries. For more detailed information, see the REN21 Renewables Interactive Map. 
Source: See Endnote 11 for this section.
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T

COuNTRy TargetTargetT Description
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Thailand Wind 1,200 MW by 2022 
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y:Thailand Wind 1,200 MW by 2022 
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   Solar  2,000 MW by 2022
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   Solar  2,000 MW by 2022
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   Hydro  1,608 MW by 2022
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   Hydro  1,608 MW by 2022
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  Biomass 3,630 MW by 2022 El
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  Biomass 3,630 MW by 2022 El
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   Biogas 600 MW by 2022
   MSW 160 MW by 2022 
   New energy 3 MW by 2022                                                                             

 Solar 100 ktoe by 2022 
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g: Solar 100 ktoe by 2022 
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   Biomass 8,200 ktoe by 2022

H
ea

ti
n

g:

   Biomass 8,200 ktoe by 2022
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   Biogas 1,000 ktoe by 2022 H
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   Biogas 1,000 ktoe by 2022 H
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   Waste 1,465 TJ (35 ktoe) by 2022

   Ethanol  9 million litres/day by 2022
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   Ethanol  9 million litres/day by 2022
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   Biodiesel 5.97 million litres/day by 2022
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   Biodiesel 5.97 million litres/day by 2022
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   New fuel 25 million litres/day by 2022 T
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   New fuel 25 million litres/day by 2022 T
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Tunisia Wind 330 MW by 2011 
 Solar PV 15 MW by 2011
 Solar hot water 0.525 GWth (750,000 m2) by 2011
 Renewable capacity 1,000 MW (16%) by 2016; 4,600 MW (40%) by 2030

Uganda Capacity 188 MW from small hydro, biomass, and geothermal by 2017
 Solar water heaters 30,000 m2 installed by 2017
 Biogas digesters 100,000 by 2017

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

United Kingdom Heat 12% by 2020
 Transport  5% biofuels in transport by 2014

Uruguay Wind 1,000 MW by 2015
 Biomass power 200 MW by 2015
 Non-traditional 
 renewables 25% of generation by 2015

Yemen Wind 400 MW by 2025
 Solar PV 8.25 MW by 2025
 CSP 100 MW by 2025
 Geothermal 160 MW by 2025
 Biomass 6 MW by 2025

Zimbabwe Biofuels 10% share of biofuels in liquid fuels by 2015
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TablE R12.  CuMulaTIvE NuMbER OF COuNTRIES/STaTES/PROvINCES ENaCTING 
 FEEd-IN POlICIES

REFERENCE  TablES

Note: “Cumulative” number refers to number of jurisdictions that had enacted feed-in policies as of the given year. “Total existing” discounts 
four countries that are known to have subsequently discontinued policies (Brazil, South Africa, South Korea, and the United States) and adds six 
countries that are believed to have feed-in tariffs but with an unknown year of enactment (Costa Rica, Honduras, Mauritius, Peru, Panama, and 
Uruguay). The U.S. PURPA policy (1978) is an early version of the feed-in tariff, which has since evolved.   
Source: See Endnote 12 for this section.

Year Cumulative # Countries/States/Provinces Added That YearYear Cumulative # Countries/States/Provinces Added That YearYear Cumulative # Countries/States/Provinces Added That Year

1978 1 United States1978 1 United States1978 1 United States

1990 2 Germany1990 2 Germany1990 2 Germany

1991 3 Switzerland1991 3 Switzerland1991 3 Switzerland

1992 4 Italy1992 4 Italy1992 4 Italy

1993 6 Denmark; India1993 6 Denmark; India1993 6 Denmark; India

1994 9 Luxembourg; Spain; Greece1994 9 Luxembourg; Spain; Greece1994 9 Luxembourg; Spain; Greece

1997 10 Sri Lanka1997 10 Sri Lanka1997 10 Sri Lanka

1998 11 Sweden1998 11 Sweden1998 11 Sweden

1999 14 Portugal; Norway; Slovenia1999 14 Portugal; Norway; Slovenia1999 14 Portugal; Norway; Slovenia

2000 14 —2000 14 —2000 14 —

2001 17 Armenia; France; Latvia2001 17 Armenia; France; Latvia2001 17 Armenia; France; Latvia

2002 23 Algeria; Austria; Brazil; Czech Republic; Indonesia; Lithuania2002 23 Algeria; Austria; Brazil; Czech Republic; Indonesia; Lithuania2002 23 Algeria; Austria; Brazil; Czech Republic; Indonesia; Lithuania

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

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

2005 41 Karnataka, Uttaranchal, and Uttar Pradesh (India); China; Turkey; Ecuador; Ireland2005 41 Karnataka, Uttaranchal, and Uttar Pradesh (India); China; Turkey; Ecuador; Ireland2005 41 Karnataka, Uttaranchal, and Uttar Pradesh (India); China; Turkey; Ecuador; Ireland

2006 46 Ontario (Canada); Kerala (India); Argentina; Pakistan; Thailand2006 46 Ontario (Canada); Kerala (India); Argentina; Pakistan; Thailand2006 46 Ontario (Canada); Kerala (India); Argentina; Pakistan; Thailand

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

2008 69 Queensland (Australia); California (USA); Chhattisgarh, Gujarat, Haryana, Punjab, 2008 69 Queensland (Australia); California (USA); Chhattisgarh, Gujarat, Haryana, Punjab, 2008 69 Queensland (Australia); California (USA); Chhattisgarh, Gujarat, Haryana, Punjab, 
   Rajasthan, Tamil Nadu, and West Bengal (India); Kenya; the Philippines; Tanzania;    Rajasthan, Tamil Nadu, and West Bengal (India); Kenya; the Philippines; Tanzania;    Rajasthan, Tamil Nadu, and West Bengal (India); Kenya; the Philippines; Tanzania; 
   Ukraine   Ukraine   Ukraine

2009 80 Australian Capital Territory, New South Wales, and Victoria (Australia); Hawaii, 2009 80 Australian Capital Territory, New South Wales, and Victoria (Australia); Hawaii, 2009 80 Australian Capital Territory, New South Wales, and Victoria (Australia); Hawaii, 
   Oregon, and Vermont (USA); Japan; Kazakhstan; Serbia; South Africa; Taiwan   Oregon, and Vermont (USA); Japan; Kazakhstan; Serbia; South Africa; Taiwan   Oregon, and Vermont (USA); Japan; Kazakhstan; Serbia; South Africa; Taiwan

2010 84 Bosnia and Herzegovina; Malaysia; Malta; United Kingdom2010 84 Bosnia and Herzegovina; Malaysia; Malta; United Kingdom2010 84 Bosnia and Herzegovina; Malaysia; Malta; United Kingdom

2011 88 Rhode Island (USA); Nova Scotia (Canada); Netherlands; Syria2011 88 Rhode Island (USA); Nova Scotia (Canada); Netherlands; Syria2011 88 Rhode Island (USA); Nova Scotia (Canada); Netherlands; Syria

2012 
(early) 90 Palestinian Territories; Rwanda(early) 90 Palestinian Territories; Rwanda(early) 90 Palestinian Territories; Rwanda

  92 Total Existing
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TablE R13. CuMulaTIvE NuMbER OF COuNTRIES/STaTES/PROvINCES ENaCTING 
 RPS/quOTa POlICIES

T

Note: “Cumulative number” refers to number of jurisdictions that had enacted RPS/Quota policies as of the given year. Jurisdictions are listed 
under year of first policy enactment; many policies shown have been revised or renewed in subsequent years, and some policies shown may 
have been repealed or lapsed. “Total existing” adds 13 jurisdictions believed to have RPS/Quota policies but whose year of enactment in not 
known (Kyrgyzstan, Portugal, United Arab Emirates, Uruguay, and the Indian states Chhattisgarh, Haryana, Kerala, Punjab, Rajasthan, Tamil 
Nadu, Uttarakhand, Uttar Pradesh, and West Bengal). In the United States, there are 10 additional states/territories with policy goals that are 
not legally binding RPS policies (Guam, Indiana, North Dakota, Oklahoma, South Dakota, U.S. Virgin Islands, Utah, Vermont, Virginia, and West 
Virginia). Three additional Canadian provinces also have non-binding policy goals (Alberta, Manitoba, and Quebec). Two additional RPS policies 
(Northern Mariana Islands (2007), and Puerto Rico (2010) that have previously not been included have been added to past years.
Source: See Endnote 13 for this section.

Year Cumulative # Countries/States/Provinces Added That Year

1983 1 Iowa (USA)1983 1 Iowa (USA)1983 1 Iowa (USA)

1994 2 Minnesota (USA)1994 2 Minnesota (USA)1994 2 Minnesota (USA)

1996 3 Arizona (USA)1996 3 Arizona (USA)1996 3 Arizona (USA)

1997 6 Maine, Massachusetts, and Nevada (USA)1997 6 Maine, Massachusetts, and Nevada (USA)1997 6 Maine, Massachusetts, and Nevada (USA)

1998 9 Connecticut, Pennsylvania, and Wisconsin (USA)1998 9 Connecticut, Pennsylvania, and Wisconsin (USA)1998 9 Connecticut, Pennsylvania, and Wisconsin (USA)

1999 12 New Jersey and Texas (USA); Italy1999 12 New Jersey and Texas (USA); Italy1999 12 New Jersey and Texas (USA); Italy

2000 13 New Mexico (USA)2000 13 New Mexico (USA)2000 13 New Mexico (USA)

2001 15 Flanders (Belgium); Australia2001 15 Flanders (Belgium); Australia2001 15 Flanders (Belgium); Australia

2002 18 California (USA); Wallonia (Belgium); United Kingdom2002 18 California (USA); Wallonia (Belgium); United Kingdom2002 18 California (USA); Wallonia (Belgium); United Kingdom

2003 21 Japan; Sweden; Maharashtra (India)2003 21 Japan; Sweden; Maharashtra (India)2003 21 Japan; Sweden; Maharashtra (India)

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

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

2006 39 Washington State (USA)2006 39 Washington State (USA)2006 39 Washington State (USA)

2007 45 Illinois, New Hampshire, North Carolina, 2007 45 Illinois, New Hampshire, North Carolina, 2007 45 Illinois, New Hampshire, North Carolina, 
   Northern Mariana Islands and Oregon (USA); China   Northern Mariana Islands and Oregon (USA); China   Northern Mariana Islands and Oregon (USA); China

2008 52 Michigan, Missouri, and Ohio (USA); Chile; India; Philippines; Romania2008 52 Michigan, Missouri, and Ohio (USA); Chile; India; Philippines; Romania2008 52 Michigan, Missouri, and Ohio (USA); Chile; India; Philippines; Romania

2009 53 Kansas (USA)2009 53 Kansas (USA)2009 53 Kansas (USA)

2010 56 British Columbia (Canada); South Korea; Puerto Rico (USA)2010 56 British Columbia (Canada); South Korea; Puerto Rico (USA)2010 56 British Columbia (Canada); South Korea; Puerto Rico (USA)

2011 57 Israel 2011 57 Israel 2011 57 Israel 

2012 
(early) 58 Norway (early) 58 Norway (early) 58 Norway 

  71 Total Existing
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TablE R14. NaTIONal aNd STaTE/PROvINCIal bIOFuEl blENd MaNdaTES

REFERENCE  TablES

COuNTRy Mandate

Note: South Africa’s biofuel policy issued in 2007 includes mandates for E5 and B2 blending that are yet to be implemented. Mexico has an 
E2 mandate in Guadalajara. Costa Rica has a pilot programme in place to assess the possibility of blending up to E7 and B2 in Barranca. The 
Dominican Republic has a target of B2 and E15 for 2015 but has no current blending mandate. Chile has a target of E5 and B5 but has no current 
blending mandate. Panama is planning the introduction of an ethanol mandate in 2013 at E4 in 2014, E7 in 2015, and E10 in 2016. Fiji approved 
voluntary B5 and E10 blending in 2011. The Kenyan city of Kisumu has an E10 mandate. Nigeria has a target of E10 but has no current blending 
mandate. Ecuador has set targets of B2 by 2014 and B17 by 2024; it also has an E5 pilot program in several provinces. 
Source: See Endnote 14 for this section.

Argentina E5 and B7Argentina E5 and B7

Australia New South Wales: E6 and B2; Queensland: E5Australia New South Wales: E6 and B2; Queensland: E5

Belgium E4 and B4Belgium E4 and B4

Brazil E18–25 and B5Brazil E18–25 and B5

Canada National: E5 and B2. Provincial: E5 and B3–5 in British Columbia; E5 and B2 in Alberta; Canada National: E5 and B2. Provincial: E5 and B3–5 in British Columbia; E5 and B2 in Alberta; 
 E7.5 and B2 in Saskatchewan; E8.5 and B2 in Manitoba; E5 in Ontario E7.5 and B2 in Saskatchewan; E8.5 and B2 in Manitoba; E5 in Ontario

China E10 in nine provincesChina E10 in nine provinces

Columbia E8 and B7; B20 by 2012Columbia E8 and B7; B20 by 2012

Ethiopia E10Ethiopia E10

Germany E10Germany E10

Guatemala  E5Guatemala  E5

India E10India E10

Indonesia B2.5 and E3Indonesia B2.5 and E3

Jamaica E10 and B5Jamaica E10 and B5

Malawi E20Malawi E20

Malaysia B5Malaysia B5

Paraguay E24 and B5Paraguay E24 and B5

Peru B5 and E7.8 Peru B5 and E7.8 

Philippines E10 and B2Philippines E10 and B2

South Korea B2.5South Korea B2.5

Spain Mandate for biofuel blend: 6.2% currently, 6.5% for 2012 and 2013; Spain Mandate for biofuel blend: 6.2% currently, 6.5% for 2012 and 2013; 
 B6 currently and B7 for 2012 B6 currently and B7 for 2012

Thailand E5 and B5Thailand E5 and B5

United Kingdom B4United Kingdom B4

United States National: The Renewable Fuels Standard 2 (RFS2) requires 36 billion gallons of renewable fuel 
to be blended annually with transport fuel by 2022. State-level: E10 in Missouri and Montana; 
E9–10 in Florida; E2 and B2 in Louisiana; B2 by 2010, B3 by 2011, B4 by 2012, B5 by 2013 (all 
by July 1 of the given year) in Massachusetts; E10 and B5, B10 by 2012, B20 by 2015 in Min-
nesota; B5 after July 1, 2012 in New Mexico; E10 and B5 in Oregon; B2 one year after in-state 
production of biodiesel reaches 40 million gallons, B5 one year after 100 million gallons, B10 
one year after 200 million gallons, and B20 one year after 400 million gallons in Pennsylvania; 
E2, B2, increasing to B5 180 days after in-state feedstock and oil-seed crushing capacity can 
meet 3% requirement in Washington State.

Uruguay B2; B5 by 2012; E5 by 2012Uruguay B2; B5 by 2012; E5 by 2012

Zambia E10 and B5Zambia E10 and B5
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TablE R15. CITy aNd lOCal RENEwablE ENERGy POlICIES: SElECTEd EXaMPlES 

T

n CO2 EMISSIONS REduCTIONS TaRGETS, all CONSuMERS

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

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

Copenhagen, Denmark Reduce 20% by 2015; zero net emissions by 2025

Dallas TX, USA Carbon neutral by 2030

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

Oslo, Norway Reduce 50% by 2030 (base 1991)

San Francisco CA, USA Reduce 20% by 2012 (base 1990)

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

Stockholm, Sweden Reduce per capita emissions to 3 tonnes CO2 by 2015 (base 5.5 tonnes 1990)

Sydney, Australia Reduce 70% by 2030 (base 2006)

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

n CO2 EMISSIONS REduCTIONS TaRGETS, all CONSuMERS

Boulder CO, USA 30% of total energy by 2020

Calgary AB, Canada 30% of total energy by 2036

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

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

Rajkot, India 10% reduction in conventional energy by 2013

San Francisco CA, USA 100% of total energy by 2020

Stockholm, Sweden 80% of district heating from renewable sources

Tokyo, Japan 20% of total energy by 2020

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

n TaRGETS FOR ShaRE OF RENEwablE ElECTRICITy, all CONSuMERS

Adelaide, Australia 15% by 2014

Austin TX, USA 35% by 2020

Cape Town, South Africa 15% by 2020

Freiburg, Germany 10% by 2010

Sydney, Australia 25% by 2020

Taipei City, Taiwan 12% by 2020
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TablE R15. CITy aNd lOCal RENEwablE ENERGy POlICIES: SElECTEd EXaMPlES
 (CONTINuEd) 

REFERENCE  TablES

n TaRGETS FOR INSTallEd CaPaCITy OF RENEwablE ENERGy

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

Barcelona, Spain 100,000 mBarcelona, Spain 100,000 m2 of solar hot water by 2010

Kunming, China 6 million mKunming, China 6 million m2 surface area covered by solar PV and solar hot water, with at 
 least 100 MW of solar PV least 100 MW of solar PV

Leister, UK 1,000 buildings with solar hot water by 2010Leister, UK 1,000 buildings with solar hot water by 2010

Los Angeles CA, USA 1.3 GW of solar PV by 2020: residential, commercial, city-owned facilitiesLos Angeles CA, USA 1.3 GW of solar PV by 2020: residential, commercial, city-owned facilities

San Francisco CA, USA 50 MW of renewables by 2012, including 31 MW of solar PVSan Francisco CA, USA 50 MW of renewables by 2012, including 31 MW of solar PV

Shanghai, China 200–300 MW of wind and 10 MW of solar PV by 2010Shanghai, China 200–300 MW of wind and 10 MW of solar PV by 2010

Tokyo, Japan 1 GW of added solar PV by 2010Tokyo, Japan 1 GW of added solar PV by 2010

n TaRGETS FOR GOvERNMENT OwN-uSE PuRChaSES OF RENEwablE ENERGy

Austin TX, USA  100% of own-use electricity in 2011Austin TX, USA  100% of own-use electricity in 2011

Bhubaneswar, India  Reduce conventional energy use 15% by 2012Bhubaneswar, India  Reduce conventional energy use 15% by 2012

Bristol, UK  15% of own-use electricity (14% currently)Bristol, UK  15% of own-use electricity (14% currently)

Calgary AB, Canada  100% of own-use electricity by 2012Calgary AB, Canada  100% of own-use electricity by 2012

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

Houston TX, USA  50% of own-use electricity by 2012 (currently35%)Houston TX, USA  50% of own-use electricity by 2012 (currently35%)

Portland OR, USA  100% of own-use electricity (currently 12%)Portland OR, USA  100% of own-use electricity (currently 12%)

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

Toronto ON, Canada  25% of own-use electricity by 2012Toronto ON, Canada  25% of own-use electricity by 2012

n TaRGETS FOR ShaRE OF buIldINGS wITh RENEwablE ENERGy

Cape Town, South Africa  10% of homes with solar hot water by 2010Cape Town, South Africa  10% of homes with solar hot water by 2010

Dezhou, China  50% of buildings with solar hot water by 2010Dezhou, China  50% of buildings with solar hot water by 2010

Iida City, Japan  30% of homes with solar PV by 2010Iida City, Japan  30% of homes with solar PV by 2010

Kunming, China  50% of buildings with solar hot water and/or solar PV by 2010; 90% of  Kunming, China  50% of buildings with solar hot water and/or solar PV by 2010; 90% of  
 new construction new construction

Oxford, U. K.  10% of homes with solar hot water and/or solar PV by 2010Oxford, U. K.  10% of homes with solar hot water and/or solar PV by 2010
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TablE R15. CITy aNd lOCal RENEwablE ENERGy POlICIES: SElECTEd EXaMPlES
 (CONTINuEd) 

T

n uRbaN PlaNNING

Adelaide, Australia  “Adelaide City Development Plan” calls for green buildings and renewablesAdelaide, Australia  “Adelaide City Development Plan” calls for green buildings and renewables

Berlin, Germany  “Berlin Energy Action Plan”Berlin, Germany  “Berlin Energy Action Plan”

Göteborg, Sweden  “Göteborg 2050” envisions being fossil fuel-freeGöteborg, Sweden  “Göteborg 2050” envisions being fossil fuel-free

Hamburg, Germany  Wilhelmsburg model urban district with renewablesHamburg, Germany  Wilhelmsburg model urban district with renewables

Porto Alegre, Brazil  “Program for Solar Energy in Buildings”Porto Alegre, Brazil  “Program for Solar Energy in Buildings”

Shanghai, China  “Regulations of Renewable Energy Development in Shanghai”Shanghai, China  “Regulations of Renewable Energy Development in Shanghai”

Tokyo, Japan  “Tokyo Renewable Energy Strategy” (2006)Tokyo, Japan  “Tokyo Renewable Energy Strategy” (2006)

Toronto ON, Canada  “Sustainable Energy Action Plan”Toronto ON, Canada  “Sustainable Energy Action Plan”

Växjö, Sweden  “Fossil Fuel Free Växjö” targets per capita COVäxjö, Sweden  “Fossil Fuel Free Växjö” targets per capita CO2

Yokohama, Japan  "Yokohama Energy Vision" targets electric vehicles, solar, green powerYokohama, Japan  "Yokohama Energy Vision" targets electric vehicles, solar, green power

n buIldING COdES aNd PERMITTING

Barcelona, Spain 60% solar hot water in all new buildings and major renovationsBarcelona, Spain 60% solar hot water in all new buildings and major renovations

Lianyangang, China Solar hot water in all new residential buildings up to 12 stories and in new Lianyangang, China Solar hot water in all new residential buildings up to 12 stories and in new 
 construction and renovation of hotels/commercial buildings construction and renovation of hotels/commercial buildings

Rajkot, India Solar hot water in new residential buildings larger than 150 mRajkot, India Solar hot water in new residential buildings larger than 150 m2 and in 
 hospitals and other public buildings hospitals and other public buildings

Rio de Janeiro, Brazil Solar hot water for 40% of heating energy in all public buildingsRio de Janeiro, Brazil Solar hot water for 40% of heating energy in all public buildings

San Francisco CA, USA New buildings over 100,000 ftSan Francisco CA, USA New buildings over 100,000 ft2 must supply 5% of energy from solar

Tokyo, Japan Property developers must assess and consider possibilities for solar hot water Tokyo, Japan Property developers must assess and consider possibilities for solar hot water 
 and other renewables and report assessments to owners and other renewables and report assessments to owners

n SubSIdIES, GRaNTS, aNd lOaNS

Adelaide, Australia Subsidy for solar PV (AUD1,000/watt for >1kW)Adelaide, Australia Subsidy for solar PV (AUD1,000/watt for >1kW)

Aspen CO, USA Subsidies for solar PV ($1,500 for >2kW)Aspen CO, USA Subsidies for solar PV ($1,500 for >2kW)

Berkeley CA, USA Loans to households repaid through property tax bills (up to $37,500)Berkeley CA, USA Loans to households repaid through property tax bills (up to $37,500)

Berlin, Germany Subsidies for solar PV (40%) and solar hot water (30%) on apartment buildingsBerlin, Germany Subsidies for solar PV (40%) and solar hot water (30%) on apartment buildings

Boulder CO, USA Small loan program ($3,000–5,000 loans)Boulder CO, USA Small loan program ($3,000–5,000 loans)

Christchurch, New Zealand Lower permit costs for solar hot waterChristchurch, New Zealand Lower permit costs for solar hot water

Kawasaki, Japan Subsidies for solar PV for households (JPY70,000/kW up to 3.5 kW)Kawasaki, Japan Subsidies for solar PV for households (JPY70,000/kW up to 3.5 kW)

Porto Alegre, Brazil Grants for solar hot water in buildingsPorto Alegre, Brazil Grants for solar hot water in buildings

Rome, Italy Subsidies for solar hot water (to 30%), solar PV (to 60%)Rome, Italy Subsidies for solar hot water (to 30%), solar PV (to 60%)

Toronto ON, Canada Sustainable energy fund low-interest loansToronto ON, Canada Sustainable energy fund low-interest loans
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TablE R15. CITy aNd lOCal RENEwablE ENERGy POlICIES: SElECTEd EXaMPlES
 (CONTINuEd) 

REFERENCE  TablES

n TRaNSPORT INFRaSTRuCTuRE aNd FuElS MaNdaTES, OPERaTION, INvESTMENT, aNd SubSIdIES

Adelaide, Australia Operate electric public buses charged with 100% solar electricity

Ann Arbor MI, USA Subsidies for public-access biofuels stations

Betim, Brazil Mandates for biofuels in public transport and taxis (plan through 2017); 
 preference to flex-fuel vehicles for municipal vehicle fleet purchases

Calgary AB, Canada B5 and B20 used in municipal fleet vehicles

Portland OR, USA Mandate for biofuels blending B5 and E10 for all diesel and gasoline sold 
 within city limits; biofuels investment fund to enhance production, storage, 
 distribution; biofuels infrastructure grants; use of biofuels in municipal fleet 

Stockholm, Sweden Plan to have 50% of all public transit buses run on biogas or ethanol by 2011, 
 and 100% of buses by 2025; metro and commuter trains run on green electricity;
  additional biofuels stations

n ElECTRIC uTIlITy POlICIES

Austin TX, USA  Renewable portfolio standard 30% by 2020

Boulder CO, USA  Carbon tax on fossil fuel electricity purchases

Gainesville FL, USA  Feed-in tariff for solar PV (32 cents/kWh for 20 years)

Mexico City, Mexico  Net metering for solar PV

Minneapolis MN, USA  Renewable portfolio standard 30% by 2020 (for Xcel Energy)

New York NY, USA  Net metering up to 2 MW capacity

Oakville ON, Canada  Local utility voluntary green power sales

Sacramento CA, USA  Feed-in tariff for eligible generation starting January 2010 (by SMUD)

n GOvERNMENT FuNdS aNd INvESTMENTS

Beijing, China RMB13 billion ($2 billion) investment fund to achieve 4% energy target

Edinburgh, Scotland, U. K. Climate Change Fund totaling £18.8 million

Kunming, China Fund for solar PV industry development and solar PV projects

Montreal QC, Canada CAD24 million energy fund over six years

San Francisco CA, USA Solar Energy Bond issue of $100 million

Toronto, Canada CAD20 million Green Energy Fund to support renewable energy investments

n TaX CREdITS aNd EXEMPTIONS

Belo Horizonte, Brazil Tax credits for residential solarBelo Horizonte, Brazil Tax credits for residential solar

Boulder CO, USA Rebate of sales and use taxes for solarBoulder CO, USA Rebate of sales and use taxes for solar

Caledon ON, Canada Property development fee discount of 5% if projects include renewablesCaledon ON, Canada Property development fee discount of 5% if projects include renewables

Nagpur, India Property tax credit of 10% for solar hot water in new residential buildingsNagpur, India Property tax credit of 10% for solar hot water in new residential buildings

New York NY, USA Property tax abatement for solar PVNew York NY, USA Property tax abatement for solar PVSource: See 
Endnote 15 for 

this section.
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TablE R16. ElECTRICITy aCCESS by REGION aNd COuNTRy

T

  Electrification Target
 Rate  Rate 

(rural, urban
COuNTRy and/or national)

  Electrification Target
 Rate  Rate 

(rural, urban
COuNTRy and/or national)

All Developing 
Countries 75.0%  
Africa 42.0%  
North Africa 99.0%  
Sub-Saharan Africa 30.0%  
Developing Asia1 81.0%  
China and East Asia 91.0%  
South Asia 68.0%  
Latin America 93.0%  
Middle East 90.0%   

Afghanistan 16.0%  
Algeria 99.3% 
Angola 26.2% 
Argentina 95.0%  
Bahrain 99.4% 
Bangladesh2 63.4% (rural) 100% by 2021
Barbados 98.0%  
Belize 96.2%  
Benin 24.8% 
Bolivia 71.2%  
Botswana 55.0%  80% by 2016
Brazil 99.7%  
Brunei 99.7 % 
Burkina Faso 14.6% 
Cambodia 24.0% 
Cameroon 48.7% 
Chile 99.5%  
China3 >99.5%   
Colombia 94.9 %  
Costa Rica 99.2%  
Côte d’Ivoire 47.3% 
Cuba 97.0% 
Democratic Republic
of the Congo 11.0%  
Dominican Republic 96.2%  
Ecuador 93.4%  
East Timor 22.0% 
Egypt >99.0 %  
El Salvador 96.8%  
Eritrea 32.0% 

Ethiopia 45.0% 75% by 2015
Federated States  
of Micronesia4 4.0% (rural)   
Gabon 36.7% 
Ghana 70.0%   
Grenada 82.0%  
Guatemala 84.4%  
Guyana 82.0%  
Haiti 34.0%  
Honduras 79.3%  
India 75.0%  
Indonesia5 65.1%   
Iran 98.4% 
Iraq 86.0 % 
Israel 99.7 % 
Jamaica 96.8%  
Jordan 99.0%   
Kenya 4.0% (rural)
 51.0% (urban)
Korea  26.0% 
Kuwait 100% 
Laos 55.0% 
Lebanon 100%  
Lesotho 16.0% 
Libya 99.0%   
Madagascar 19.0% 
Malawi 1% (rural)
 <9% (national) 30% by 2020
Malaysia 99.4% 
Marshall Islands 100% (urban) 95% rural 
  by 2015  by 2015
Mauritius 99.4% 
Mexico 97.6%  
Mongolia 67.0% 
Morocco 97.0% 
Mozambique 12.0%  
Myanmar 13.0%  
Namibia 34.0% 
Nepal 10.0% 30% by 2030
Nicaragua 64.8%  
Nigeria 51.0%  
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TablE R16. ElECTRICITy aCCESS by REGION aNd COuNTRy (CONTINuEd) 

REFERENCE  TablES

Note: Rates and targets are national unless otherwise specified.
1 Developing Asia is divided as follows: China and East Asia includes 
Brunei, Cambodia, China, East Timor, Indonesia, Laos, Malaysia, 
Mongolia, Myanmar, the Philippines, Singapore, South Korea, Taiwan, 
Thailand, Vietnam, and other Asian countries; South Asia includes 
Afghanistan, Bangladesh, India, Nepal, Pakistan, and Sri Lanka.
2 Bangladesh electrification rate is defined by the government as the 
number of villages electrified: 50,000 villages out of a total 78,896.
3 China data calculated using 2011 official report of 5 million people 
with no access to electricity and total population of 1.3 billion.
4 For the Federated States of Micronesia, rural electrification rate is 
defined by electrification of all islands outside of the four that host 
the state capital (which is considered urban). 
5 For Indonesia, the Philippines, and Yemen, the rate is defined by 
the number of households with electricity connection.
6 Palestinian Territories rate is defined by number of villages con-
nected to the national electricity grid.
Source: See Endnote 16 for this section.

  Electrification Target Target
 Rate  Rate 

(rural, urban
COuNTRy and/or national)

Oman 98.0% Oman 98.0% 
Pakistan 62.0%  Pakistan 62.0%  Pakistan 62.0%  
Palestinian 
Territories6 99.4%  99.4% 
Panama 83.3%  Panama 83.3%  Panama 83.3%  
Paraguay 98.4%  Paraguay 98.4%  Paraguay 98.4%  
Peru 78.6%  Peru 78.6%  Peru 78.6%  
Philippines5 84.0%   84.0%   84.0%  
Qatar 98.7% Qatar 98.7% 
Rwanda   16% Rwanda   16% Rwanda   16% (national)
  by 2012  by 2012  by 2012
Saudi Arabia 99.0% Saudi Arabia 99.0% 
Senegal 42.0% Senegal 42.0% 
Singapore 100% Singapore 100% 
South Africa 75.0% 100% (nat.)South Africa 75.0% 100% (nat.)South Africa 75.0% 100% (nat.)
  by 2014  by 2014  by 2014
South Sudan 1.0%  South Sudan 1.0%  South Sudan 1.0%  
Sri Lanka 76.6% Sri Lanka 76.6% 
Sudan 36.0%  Sudan 36.0%  Sudan 36.0%  Sudan 36.0%  
Suriname 90.0%  Suriname 90.0%  Suriname 90.0%  
Syria 99.8% (rural)  Syria 99.8% (rural)  Syria 99.8% (rural)  
Tanzania 2% (rural)  30% (rural)Tanzania 2% (rural)  30% (rural)Tanzania 2% (rural)  30% (rural)
 13.9% (national) by 2015 13.9% (national) by 2015 13.9% (national) by 2015
Thailand >99%   Thailand >99%   Thailand >99%   
Togo 20.0% Togo 20.0% 
Trinidad and Tobago 92.0%   92.0%   92.0%  
Tunisia 99.5% Tunisia 99.5% 
Uganda 5.0%   Uganda 5.0%   Uganda 5.0%   
United Arab Emirates 100%  100% 
Uruguay 99.8%   Uruguay 99.8%   Uruguay 99.8%   
Venezuela 97.3%  Venezuela 97.3%  Venezuela 97.3%  
Vietnam 97.6% Vietnam 97.6% 
Yemen5 42.0%    42.0%    42.0%   
Zambia 3.1% (rural)  51% (rural)  Zambia 3.1% (rural)  51% (rural)  Zambia 3.1% (rural)  51% (rural)  
 47.6% (urban) 90% (urban) 47.6% (urban) 90% (urban) 47.6% (urban) 90% (urban)
 20.3% (national) 66% (nat.) 20.3% (national) 66% (nat.) 20.3% (national) 66% (nat.)
  by 2030  by 2030  by 2030
Zimbabwe 41.5% Zimbabwe 41.5% 



127

RE
NE

w
ab

lE
S 

20
12

 G
lO

ba
l 

ST
aT

uS
 R

EP
OR

T

TablE R17. POPulaTION RElyING ON TRadITIONal bIOMaSS FOR COOkING

T

1 Developing Asia is divided as follows: China and East Asia includes Brunei, Cambodia, China, East Timor, Indonesia, Laos, Malaysia, Mongolia, 
Myanmar, the Philippines, Singapore, South Korea, Taiwan, Thailand, Vietnam, and other Asian countries; South Asia includes Afghanistan, 
Bangladesh, India, Nepal, Pakistan, and Sri Lanka.
2 Includes countries in the OECD and Eastern Europe/Eurasia.
Source: See Endnote 17 for this section.

REGIONS aNd SElECTEd COuNTRIES Millions Percent

Africa 657 65%

Nigeria 104 67%

Ethiopia 77 93%

Democratic Republic of the Congo 62 94%

Tanzania 41 94%

Kenya 33 83%

Other Sub-Saharan Africa  335 74%

North Africa 4 3%

Developing Asia1 1,921 54%

India 836 72%

Bangladesh 143 88%

Indonesia 124 54%

Pakistan 122 72%

Myanmar 48 95%

Rest of Developing Asia  648 36%

Latin America 85 19%

Middle East n.a. n.a.

All Developing Countries 2,662 51%

World2 2,662 39%

  

Population



128

GLOBAL MARKET AND INDUSTRY OVERVIEW  

1	 Estimated shares and Figure 1 based on the following sources: 
Total 2010 final energy demand (estimated at 8,823 Mtoe) 
is based on 8,353 Mtoe for 2009 from International Energy 
Agency (IEA), World Energy Statistics 2011 (Paris: 2011) and 
escalated by the 5.62% increase in global primary energy 
demand from 2009 to 2010, derived from BP Statistical 
Review of World Energy 2011 (London: 2011). Traditional 
biomass use in 2008 was estimated at 746 Mtoe (31.2 EJ) and 
reflects consumption of the residential sector in developing 
countries, from IEA, World Energy Outlook 2010 (Paris: 2010), 
p. 342. This value was held constant because 1) the exact 
value for 2008 is uncertain as is the aggregate change since 
then, and, 2) there is reason to believe that use of traditional 
biomass may have stabilised or declined as the number of 
people using traditional biomass for cooking and heating has 
declined over this period (as per IEA World Energy Outlook, 
see Rural Renewable Energy Section).

	 Three biomass heat energy values for 2010 were derived 
from values for 2009 from IEA, World Energy Statistics 2011, 
op. cit. this note. Residential and commercial use of non-CHP 
modern biomass heat (including solid biofuels, biogenic 
municipal waste, and biogases) was estimated at 74 Mtoe 
(3.1 EJ). This value was derived by subtracting the 746 Mtoe 
of traditional biomass use (see above) from the total 2010 
combined residential and commercial use of biomass for heat, 
estimated at 820 Mtoe (34.3 EJ) in 2010. The 820 Mtoe was 
derived by applying a five-year average growth rate to the 
2009 values, based on historical data from IEA, World Energy 
Statistics 2011, op. cit. this note. Industrial use of biomass heat 
was estimated at 178 Mtoe (7.5 EJ), based on five-year average 
growth rates as above. (Note that previous editions of the GSR 
have not reported this value in total modern biomass use for 
heat). Biomass heat from combined heat and power (CHP) was 
estimated at 11.5 Mtoe (0.48 EJ), based on five-year growth 
rates as above. 

	 Biomass electricity was estimated at 25 Mtoe (289 TWh), 
based on 66 GW of capacity in 2010 (see Reference Table 
R1) and a capacity factor of 50%, which was based on the 
average capacity factors (CF) of biomass generating plants in 
the United States (49.3% CF based on data from “Table 1.2: 
Existing Capacity by Energy Source, 2010,” in U.S. Energy 
Information Administration (EIA), Electric Power Annual 2010 
(Washington, DC: 2011)), and in the European Union (52% CF 
based on data in Energy Research Centre of the Netherlands/
European Environment Agency, Renewable Energy Projections 
as Published in the National Renewable Energy Action Plans 
of the European Member States, 28 November 2011, at 
http://www.ecn.nl/docs/library/report/2010/e10069.pdf). 
Applying a five-year growth rate to the 2009 value found in 
IEA, World Energy Statistics 2011, op. cit. this note, would 
yield a lower estimate of 260 TWh.

	 Other renewable electricity generation estimates: Wind power 
was 45 Mtoe (520 TWh), based on global capacity of 198 
GW using a CF of 30%, which is in the middle of the range 
documented in this report; solar PV was estimated at 5.4 Mtoe 
(63 TWh), based on 40 GW capacity and average CF of 18%; 
concentrated solar thermal power (CSP) was 0.2 Mtoe (2.5 
TWh), based on 1.3 GW capacity and CF of 25%; ocean power 
was 0.1 Mtoe (0.6 TWh), based on 273 GW capacity and CF 
of 25%. (For 2011 year-end operating capacities for wind, 
solar PV, CSP, and ocean power, see Reference Table R1; for 
capacity factors see Table 2 on Status of Renewable Energy 
Technologies: Characteristics and Costs.) Geothermal was 
5.8 Mtoe (67 TWh), based on Ruggero Bertani, “Geothermal 
Power Generation in the World, 2005–2010 Update Report,” 
Geothermics, vol. 41 (2012), pp. 1–29; hydropower was 
assumed to contribute 295 Mtoe (3,428 TWh), from BP, op. cit. 
this note.

	 Solar thermal hot water/heat output in 2010 was estimated 
at 14.6 Mtoe (0.6 EJ), based on 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, May 2012).  

A conservative 5% was added to the estimates to account for 
the estimated 10% of the market not included in the Weiss and 
Mauthner survey.

	 Geothermal heat was estimated at 10.5 Mtoe (0.4 EJ), based 
on 50.8 GWth of capacity yielding 438 PJ 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 
communication with REN21, March, April, and June 2011.

	 For liquid biofuels, ethanol use was estimated at 44 Mtoe 
(1.8 EJ) and biodiesel use at 15 Mtoe (0.64 EJ), based on 86.5 
billion litres and 18.5 billion litres, respectively, from F.O. 
Licht, “Fuel Ethanol: World Production, by Country (1000 
cubic metres),” 2012, and from F.O. Licht, “Biodiesel: World 
Production, by Country (1000 T),” 2012; and conversion 
factors from Oak Ridge National Laboratory, found at https://
bioenergy.ornl.gov/papers/misc/energy_conv.html.

	 Nuclear power generation was assumed to contribute 238 
Mtoe (2,767 TWh) of final energy, from BP, op. cit. this note.

2	 Figure 2 based on the following sources: solar PV from 
European Photovoltaic Industry Association (EPIA), Global 
Market Outlook for Photovoltaics until 2016 (Brussels: May 
2012); wind power data from Global Wind Energy Council 
(GWEC), Global Wind Report: Annual Market Update 2011 
(Brussels: March 2012), from World Wind Energy Association 
(WWEA), World Wind Energy Report 2011 (Bonn: 2012), 
and from Navigant’s BTM Consult ApS, World Market Update 
2011 (Copenhagen: 2012), Executive Summary; CSP from 
several sources, particularly Comisión Nacional de Energía of 
Spain (CNE), Madrid, April 2012, provided by Instituto para 
la Diversificación y Ahorro de la Energía (IDAE), Ministerio 
de Industria, Energía Y Turismo, personal communications 
with REN21, 17 and 18 May 2012, from Morse Associates, Inc., 
personal communication with REN21, March, April, and May 
2012, and from U.S. National Renewable Energy Laboratory 
(NREL), “Concentrating Solar Power Projects,” Solar Paces, 
http://www.nrel.gov/csp/solarpaces/ (see endnote for 
Reference Table R1 for additional sources for 2011 data); 
geothermal from Mannvit, “90 MW Addition to Iceland’s 
Hellisheidi Geothermal Power Plant,” press release (Reykjavik: 
11 October 2011), at www.mannvit.com/AboutUs/News/Rea
darticle/90mwadditiontoicelandshellisheidigeothermalpower
plant, from Ram Power, “San Jacinto Tizate I & II – Nicaragua,” 
http://ram-power.com/current-projects/san-jacinto-
tizate-i-ii-nicaragua, from Terra-Gen Power, LLC, “Terra-Gen 
Power and TAS Celebrate Innovative Binary Geothermal 
Technology,” press release (Beowawe, Nevada: 20 April 
2011), at http://www.terra-genpower.com/News/TERRA-
GEN-POWER-AND-TAS-CELEBRATE-INNOVATIVE-BINAR.
aspx, from Geothermal Energy Association (GEA), Annual 
US Geothermal Power Production and Development Report 
(Washington, DC: April 2012), and from Bertani, op. cit. note 
1; hydropower from International Hydropower Association 
(IHA), London, personal communication with REN21, April 
2012 and in past years for previous editions of this report, and 
from International Journal on Hydropower & Dams (IJHD), 
Hydropower & Dams World Atlas 2011 (Wallington, Surrey, 
U.K.: 2011); solar thermal from Weiss and Mauthner, op. 
cit. note 1 and from previous editions of this annual report; 
ethanol and biodiesel from F.O. Licht, op. cit. note 1, both 
references. Ethanol data were converted from cubic metres 
to litres using 1,000 litres/cubic metre. Biodiesel data were 
reported in 1,000 tons and converted using a density value 
for biodiesel (0.88 kg/litre) based on “Bioenergy in Germany: 
Facts and Figures,” January 2012, at  http://www.biodeutsch-
land.org/tl_files/content/dokumente/biothek/Bioenergy_in-
Germany_2012_fnr.pdf, viewed 30 April 2012, and on NREL, 
Biodiesel Handling and Use Guide, Fourth Edition (Golden, 
CO: January 2009), at http://www.nrel.gov/vehiclesandfuels/
pdfs/43672.pdf.

3	 European Wind Energy Association (EWEA), “Wind in Power: 
2011 European Statistics” (Brussels: February 2012); EPIA, 
personal communication with REN21, 3 April 2012. 

ENDNOTES  0 1  GLOBAL  MARKET  AND INDUSTRY  OVERV IEW01



129

RE
NE

WABL


E
S 

20
12

 G
LO

BAL
 

ST
AT

US
 R

EP
OR

T

41

4	 Solar thermal from Weiss and Mauthner, op. cit. note 1; heat 
pumps from Lund, Freeston, and Boyd, op. cit. note 1; updates 
from Lund, op. cit. note 1; wood pellets, for example, from IEA, 
Bioenergy Annual Report 2011 (Paris: 2011). Pellet produc-
tion rose from 9 million tonnes in 2008 to 12 million tonnes in 
2009, and 16 million tonnes in 2010; it could rise to 20 million 
tonnes in 2011, per United Nations Economic Commission for 
Europe (UNECE), “Forest product markets across the UNECE 
region rebound in 2010 after two years of falling production 
and consumption,” press release (Geneva: 3 August 2011), at 
http://www.unece.org/press/pr2011/11tim_p05e.html. 

5	 F.O. Licht, op. cit. note 1, both references.
6	 Hydropower from IHA, op. cit. note 2 and from IJHD, op. cit. 

note 2, and see also various sources noted in Hydropower 
section; geothermal based on data from GEA, op. cit. note 2 
and from Bertani, op. cit. note 1. Fossil fuels grew at an average 
annual rate of 1–4% between 2006 and 2010, but growth rates 
dropped off early in this period and accelerated toward the 
end of it (no data available for 2011 as of publication), based 
on data from BP, op. cit. note 1.

7	 Bloomberg New Energy Finance (BNEF) Energy: Week in 
Review, 15–21 November 2011.

8	 Slowdown from EIC Monitor, EIC Monthly News, March 
2012, at http://issuu.com/publishingevents/docs/
eicmarchnews2012/1#download%20quarterly%20report .

9	 Sidebar 1 is based on the following sources: Most global 
numbers are aggregates of individual countries and regions 
shown in Table 1; however, the global biofuels figure (as well 
as data for U.S. hydropower and Brazil wind) are taken from 
REN21, Renewables 2011 Global Status Report (Paris: 2011) 
and global wind power is from WWEA, World Wind Energy 
Report 2010 (Bonn: April 2011). CSP estimate, as well as 
wind and solar overcapacities, based on BNEF, “Solar and 
Wind Sectors on Course to Employ 2m People Worldwide 
by 2020,” Wind, Solar Research Note, 5 March 2012. Spanish 
job loss from Spanish Renewable Energy Association, Study 
of the Macroeconomic Impact of Renewable Energies in 
Spain. Year 2010 (Madrid: November 2011). China statistics 
from the following: biomass power from Li Junfeng, Deputy 
Director General of the Energy Research Institute of the 
National Development and Reform Commission in Beijing, 
and General Secretary of the Chinese Renewable Energy 
Industries Association (CREIA), personal communication 
with Yingling Liu, Worldwatch Institute, 12 November 2007; 
biogas from Institute for Urban and Environmental Studies 
and Chinese Academy of Social Sciences, Study on Low Carbon 
Development and Green Employment in China (Beijing: 
International Labour Organization (ILO) Office for China 
and Mongolia, April 2010); solar PV from Greenpeace, China 
Wind Power Outlook 2011 (Beijing: 2011); solar heating/
cooling from Institute for Labor Studies and Chinese Ministry 
of Human Resources and Social Security, Study on Green 
Employment in China (Beijing: ILO Office for China and 
Mongolia, March 2010); wind from Li Junfeng, Shi Pengfei, 
and Gao Hu, 2010 China Wind Power Outlook (Beijing and 
Brussels: CREIA, GWEC, and Greenpeace, October 2010). India 
figures from Ministry of New and Renewable Energy (MNRE) 
and Confederation of Indian Industry, Human Resource 
Development Strategies for Indian Renewable Energy Sector. 
Final Report (New Delhi: October 2010). Brazil biofuels 
from General Secretariat of the Presidency of the Republic, 
The National Commitment to Improve Labor Conditions in 
the Sugarcane Activity (Brasilia: undated), and from Edmar 
Fagundes de Almeida, Jose Vitor Bomtempo, and Carla Maria 
de Souza e Silva, The Performance of Brazilian Biofuels: An 
Economic, Environmental and Social Analysis. Joint Transport 
Research Centre Discussion Paper No. 2007-5 (Paris: OECD, 
International Transport Forum, December 2007). U.S. statistics 
from the following: biomass and high-end biofuels from Roger 
Bezdek, Renewable Energy and Energy Efficiency: Economic 
Drivers for the 21st Century (Boulder, CO: American Solar 
Energy Society, 2007); low-end biofuels (as well as APEC 
biofuels) from Asia-Pacific Economic Cooperation, A Study of 
Employment Opportunities from Biofuel Production in APEC 
Economies (Singapore: 2010); geothermal (which includes 
geothermal power only, excluding heat) from Dan Jennejohn, 

Green Jobs Through Geothermal Energy (Washington, DC: 
GEA, October 2010); solar from The Solar Foundation, 
National Solar Jobs Census 2011 (Washington, DC: October 
2011), and from U.S. Solar Energy Trade Assessment 2011, 
study prepared for Solar Energy Industries Association, 
August 2011; wind power from American Wind Energy 
Association (AWEA), “Annual report: Wind power bringing 
innovation, manufacturing back to American industry,” press 
release (Washington, DC: 12 April 2012). EU figures derived 
from EurObserv’ER, État des Énergies Renouvelables en 
Europe. Édition 2011 (Brussels: 2011), except for the German 
and Spanish figures (which diverge from the Eurobserv’ER 
data in some cases). German data from Marlene O’Sullivan 
et al., Bruttobeschäftigung durch Erneuerbare Energien in 
Deutschland im Jahr 2011 (Berlin: Bundesministerium für 
Umwelt, Naturschutz und Reaktorsicherheit, 14 March 2012); 
Spanish data from Instituto para la Diversificación y Ahorro 
de la Energía, Observatorio Energías Renovables (Madrid: 
November 2011), and from Spanish Association of Solar 
Thermal Industry (Protermosolar), Macroeconomic Impact 
of the Solar Thermal Electricity Industry in Spain (Seville: 
October 2011). U.S. wind job loss from AWEA, “New study: 
Wind energy success story at risk with 54,000 American 
jobs in the balance,” press release (Washington, DC: 12 
December 2011), at http://awea.org/newsroom/pressre-
leases/Navigant_study.cfm. Bangladesh solar PV from Dipal 
Barua, Clean Energy Imperative: Improving Energy Access 
or Promoting Energy Poverty. Panel discussion at The Tufts 
Energy Conference, Medford, MA, 16 April 2011; Nepal biogas 
from United Nations Conference on Trade and Development 
(UNCTAD), Renewable Energy Technologies for Rural 
Development (New York and Geneva: 2010); wind, various 
countries, from GWEC, Global Wind Report 2010 (Brussels: 
April 2011); Australia biomass, hydro, and solar heating/
cooling from Clean Energy Australia, “Renewable Energy 
Jobs,” http://cleanenergyaustraliareport.com.au/money-talk/
renewable-energy-jobs/, viewed 10 March 2012 . See also 
IRENA, Renewable Energy Jobs and Access, at http://www.
irena.org/DocumentDownloads/Publica-tions/Renewable_
Energy_Jobs_and_Access.pdf, and IRENA, Renewable Energy 
Jobs: Status, Prospects and Policies, at http://www.irena.org/
DocumentDownloads/Publications/RenewableEnergyJobs.
pdf.

10	See, for example, Nina Chestney, “Renewable energy deals 
hit record high in 2011-PwC,” Reuters, 30 January 2012, 
at http://af.reuters.com/article/commoditiesNews/
idAFL5E8CR1Z620120130?sp=true; also see technology 
sections in this report.

11	See, for example, “Will Italy’s FiTs Survive the Fall of 
Berlusconi?” RenewableEnergyWorld.com, 23 February 
2012, at http://www.renewableenergyworld.com/rea/
news/article/2012/02/will-italys-fits-survive-the-change-in-
government?cmpid=SolarNL-Thursday-February23-2012; also 
see technology sections in this report.

12	About 208 GW added in 2011, based on 106 GW of conven-
tional thermal capacity from U.N. Environment Programme 
(UNEP)/Frankfurt School/BNEF, Global Trends in Renewable 
Energy Investment (Paris: 2012), and about 102 GW of renew-
able capacity based on data noted in this report. See Reference 
Table R1 and related references.

13	Share for 2004 from UNEP/Frankfurt School/BNEF, op. cit. 
note 12; share for 2011 based on 208 GW total capacity added 
and approximately 77 GW of non-hydro capacity added based 
on data throughout this report and sources listed in note 1 of 
this section. See also Reference Table R1. BNEF estimates that 
the share of non-hydro renewables has risen from 4.3% to 
more than 9% during this period.

14	Year-end capacity for 2011 and increase in capacity during 
2011 based on data throughout this report: 5.9 GW bio-
mass power added for total of 71.9 GW; more than 0.1 GW 
geothermal capacity added for 11.2 GW; and estimated 25 GW 
hydropower added for an estimated 970 GW; 0.3 GW ocean 
power added for 0.5 GW; almost 30 GW solar PV added for 
almost 70 GW; more than 0.5 GW CSP added for about 1.8 GW, 
and about 40 GW wind power added for nearly 238 GW. See 
Reference Table R1 and related references.
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15	Ibid.
16	Based on data throughout this report; see Endnote 1 for this 

section, Reference Table R1, and related references for details.
17	Global capacity in 2011 based on 4,961 GW in 2009 from IEA, 

World Energy Outlook 2011, Annex A (Paris: 2011); plus 2010 
capacity additions based on 92 GW fossil and 5 GW nuclear 
capacity from UNEP/Frankfurt School/BNEF, op. cit. note 12, 
plus 2011 conventional thermal capacity additions from idem, 
plus renewable capacity additions (about 92 GW in 2010 and 
102 GW in 2011) from various sources provided in Endnote 
1 of this section. (Also see Reference Table R1 and related 
references.) Share of generation and Figure 3 based on the fol-
lowing: Total global electricity generation in 2011 is estimated 
at 22,273 TWh, based on 21,325 TWh in 2010 from BP, op. cit. 
note 1, and an estimated 4.45% growth rate in global electric-
ity generation for 2011. The growth rate is based on the 
total change in generation for the following countries (which 
account for more than 60% of 2010 generation): United States 
(-0.47% change in annual generation), EU-27 (+0.96%), 
Russia (+1.64%), India (+9.03%), and China (+11.68%). 
Sources for 2010 and 2011 electricity generation are: “Table 
7.2a, Electricity Net Generation,” in U.S. EIA, Monthly Energy 
Review, April 2012, at http://www.eia.gov/totalenergy/data/
monthly/pdf/sec7_5.pdf; European Commission, Eurostat 
database, http://epp.eurostat.ec.europa.eu/portal/page/por-
tal/energy/data/database; Ministry of Energy of the Russian 
Federation, http://minenergo.gov.ru/activity/statistic/ [in 
Russian]; Government of India, Ministry of Power, Central 
Electricity Authority, http://www.cea.nic.in/monthly_gen.
html; China Electricity Council, “Statistics Newsletter of 
Electricity Industry in China 2011,” 1 January 2012, at http://
tj.cec.org.cn/tongji/niandushuju/2012-01-13/78769.html [in 
Chinese].

	 Hydropower generation in 2011 is estimated at 3,400 TWh, 
based on reported 2010 global generation and assumption 
that output remained fairly stable in 2011. Unchanged global 
2011 output is based on reported changes in countries that 
together accounted for over 75% of global hydropower 
generation in 2010: United States (+24.9% in annual output), 
Canada (+7.3%), EU-27 plus Norway (-25.9%), Brazil 
(+11.1%), Russia (-5.4%), India (+18.9% for facilities larger 
than 25 MW), and China (-3.52%). The combined hydropower 
output of these countries was virtually unchanged on average 
or down slightly, resulted in an estimated 1.4% reduction in 
output. Total 2010 hydro generation was 3,428 TWh per BP, 
op. cit. note 1, and 3,410 TWh per IJHD, op. cit. note 2; 2010 
and 2010 generation by country from “Table 7.2a, Electricity 
Net Generation,” in U.S. EIA, op. cit. this note;  Statistics 
Canada, http://www5.statcan.gc.ca; EU-27 and Norway from 
European Commission, op. cit. this note; Brazil 2010 genera-
tion from IJHD, op. cit. this note, and 2011 generation from 
Mauricio Tolmasquim, EPE Brazil, personal communication 
with IHA on behalf of REN21, 4 April 2012; Ministry of Energy 
of the Russian Federation, http://minenergo.gov.ru/activity/
powerindustry/powersector/structure/manufacture_princi-
pal_views/ [in Russian]; Government of India, op. cit. this note; 
China Electricity Council, op. cit. this note.

	 Non-hydro renewable generation of 1,125 TWh was based on 
2011 generating capacities shown in Reference Table R1 and 
representative capacity factors in Endnote 1.

18	UNEP/Frankfurt School/BNEF, op. cit. note 12.
19	Kilian Reiche, iiDevelopment GmbH, personal communication 

with REN21, April 2012.
20	Based on data noted in this report. See Reference Table R2 and 

related references.
21	From ibid. and population data from U.S. Central Intelligence 

Agency (CIA), World Factbook, July 2012 estimate, at https://
www.cia.gov/library/publications/the-world-factbook/index.
html, viewed 22 May 2012.

22	Based on 90.41 GW total added capacity for a total electric 
capacity of 1,050 GW from the following: China Electricity 
Council, op. cit. note 17; 12.25 GW new hydropower capac-
ity and 2.14 GW solar PV from idem; 17.6 GW wind power 
capacity from Shi Pengfei, Chinese Wind Energy Association 
(CWEA), personal communication with REN21, 1 April 2012; 

0.4 GW biomass power capacity from “China’s first biomass-
fired power plant goes into operation,” Xinhua, 2 December 
2006, at http://english.peopledaily.com.cn/200612/02/
eng20061202_327476.html; Bernhard Raninger, GIZ Project 
Optimization of Biomass Use, personal communication with 
REN 21, April 2012. Another document shows electric capacity 
increasing 90 GW from 966 GW to 1,055 GW, from Liu Zhan, 
China Power Investment Corporation, “Clean coal power 
generation in China,” Speech at 2012 APEC Clean Fossil Energy 
Technology and Policy Seminar, Australia, February 2012.

23	China Electricity Council, op. cit. note 17; “Use of Fossil Fuels 
to Decline,” China Daily, 10 February 2012, at http://www.
china.org.cn/business/2012-02/10/content_24601666.htm.

24	Based on data for 2009–2011 from “Table 7.2a Electricity Net 
Generation,” in U.S. EIA, op. cit. note 17.

25	Estimate of 39% and most from wind (31% of the total), from 
AWEA, “U.S. Wind Industry Annual Market Report, Year Ending 
2011,” a Product of AWEA Data Services, p. 5; 11.6% from U.S. 
EIA, Monthly Energy Review, January 2012, at http://www.eia.
gov/totalenergy/data/monthly/pdf/sec7_5.pdf.

26	Estimate of 11.8% of total primary energy production in 2011, 
up from 10.9% in 2010, and nuclear share of 10.6% in 2011 
all based on data from “Table 1.2 Primary Energy Production 
by Source,” in U.S. EIA, op. cit. note 25, p. 5, at http://www.eia.
gov/totalenergy/data/monthly/pdf/sec1_5.pdf.

27	Stephen Lacey, “Wind power helps drive strong increase in US 
renewable electricity generation,” RenewableEnergyWorld.
com, 17 April 2012.

28	German Federal Ministry for the Environment, Nature 
Conservation and Nuclear Safety (BMU), Renewable Energy 
Sources 2011, based on information supplied by the Working 
Group on Renewable Energy - Statistics (AGEE-Stat), 8 March 
2012, at http://www.erneuerbare-energien.de/english/
renewable_energy/data_service/renewable_energy_in_fig-
ures/doc/48506.php; data for past years from BMU, 
Renewable Energy Sources 2011, based on information sup-
plied by the Working Group on Renewable Energy – Statistics 
(AGEE-Stat), 20 February 2012; Stefan Nicola, “Germany’s 
Renewable Output Beats Nuclear, Hard Coal in Power Mix,” 
Bloomberg.com, 16 December 2011, at http://www.business-
week.com/news/2011-12-16/germany-s-renewable-output-
beats-nuclear-hard-coal-in-power-mix.html.

29	BMU, “Development of renewable energy sources in Germany 
2011, Graphics and tables,” based on statistical data from the 
Working Group on Renewable Energy – Statistics (AGEE-Stat), 
version March 2012. 

30	GWEC, op. cit. note 2, p. 57. See also Reference Table R2 and 
related endnotes.

31	Gestore Servizi Energetici (GSE), “Impianti a fonti rinnovabili 
in Italia: Prima stima 2011,” 6 March 2012, at http://www.gse.
it/it/Dati%20e%20Bilanci/Osservatorio%20statistico/Pages/
default.aspx; other data and sources can be found throughout 
this report; see particularly Reference Table R2 and related 
endnotes.

32	Additions based on 3 GW wind from GWEC, op. cit. note 2, 
p. 44; 0.6 GW biomass power from MNRE, “Achievements,”  
http://www.mnre.gov.in/mission-and-vision-2/achieve-
ments/, updated 31 January 2012; about 0.5 GW solar PV from 
EPIA, op. cit. note 2. In addition, India added about 210 MW of 
small-scale hydropower installations (≤25 MW) during 2011, 
tracked by MNRE, op. cit. this note, as well as 1.4 GW of large-
scale (defined as >25 GW), from Government of India, Ministry 
of Power, Central Electricity Authority, Monthly Review of 
Power Sector Reports (Executive Summary), at http://www.
cea.nic.in/executive_summary.html, and from Bridge to India, 
New Delhi, personal communications with REN21, April-May 
2012. In addition, an estimated 91 MW equivalent of off grid 
capacity was added during 2011 for a cumulative total of 660 
MW, from MNRE, op. cit. this note.

33	Based on 2.5 GW wind from GWEC, op. cit. note 2; 4.9 GW 
solar PV from Japan Photovoltaic Energy Association, http://
www.jpea.gr.jp/04doc01.html; 3.3 GW biomass from Hironao 
Matsubara, Institute for Sustainable Energy Policies, Japan, 
personal communication with REN21, March 2012; 535 MW 
geothermal capacity from Bertani, op. cit. note 1; National 
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Institute of Advanced Industrial Science and Technology, 
Japan, “Geothermal Power Plants in Japan,” as of April 1998, 
at http://www.aist.go.jp/GSJ/dGT/hatsuden.html. Japan also 
has an estimated 27.6 GW of hydropower capacity. For more 
information and sources see Reference Table R2 and related 
sources.

34	Based on data provided throughout this report. See Reference 
Table R2 and relevant notes for sources.

35	Fourth year in a row from GWEC, op. cit. note 2; record share 
and solar PV from EWEA, op. cit. note 3. More renewable 
power capacity was added in Europe than ever before (32 
GW), with total installations up almost 38% over the previous 
year. The EU installed a total of 45 GW new electric capacity 
in 2011. Note that the region has an estimated 120 GW of 
hydropower capacity, per IJHD, op. cit. note 2, and that new 
hydropower capacity (606 MW) represented about 1% of total 
additions during 2011, from EWEA, op. cit. note 3.

36	EWEA, op. cit. note 3.
37	EurObserv’ER, The State of Renewable Energies in Europe 

(Paris: December 2011), pp. 101 and 105.
38	Ali Adil, ICLEI South Asia- Local Governments for 

Sustainability, personal communication with REN21, April 
2012.

39	Veit Bürger, Oeko-Institut e.V., Freiburg, personal com-
munication with REN21, 23 February 2012; 2006 data from 
Bundesnetzagenture für Elektrizitãt, Gas, Telekommunikation, 
Post und Eisenbahnen, Monitoringbericht 2010 (Berlin: 20 
November 2010). More than 3% of the country’s total net 
electricity demand is covered by the voluntary green power 
market, per Bürger, op. cit. this note.

40	Rainer Hinrichs-Rahlwes, German Renewable Energies 
Federation/European Renewable Energy Federation, personal 
communication with REN21, March 2012.

41	REN21, op. cit. note 9, p. 57.
42	Jenny Heeter and Lori Bird, Status and Trends in U.S. 

Compliance and Voluntary Renewable Energy Certificate 
Markets (2010 Data) (Golden, CO: NREL, October 2011), at 
http://apps3.eere.energy.gov/greenpower/pdfs/52925.pdf; 
18 TWh of “green” renewable power was purchased in 2007.

43	Kari Williamson, “US companies commit to ‘5 Year 
Renewable Energy Pledge’,” RenewableEnergyFocus.com, 19 
December 2011, at http://www.renewableenergyfocus.com/
view/22769/us-companies-commit-to-5-year-renewable-
energy-pledge/; Windmade Web site, http://www.windmade.
org/about.aspx.

44	Bürger, op. cit. note 39; REN21, op. cit. note 9, pp. 57–58.
45	For example, see Victoria Kenrick, “Executive decision: 

renewables procurement, investment and trading,” Renewable 
Energy World, November–December 2011, pp. 47–50.

46	Werner Weiss and Franz Mauthner, Solar Heat Worldwide 
(Gleisdorf, Austria: IEA Solar Heating and Cooling Programme: 
2011), at http://www.iea-shc.org/publications/downloads/
Solar_Heat_Worldwide-2011.pdf; more than 100 large-scale 
thermal systems for process heat have been installed, from D. 
Arvizu et al., “Direct Solar Energy,” in Intergovernmental Panel 
on Climate Change, IPCC Special Report on Renewable Energy 
Sources and Climate Change Mitigation (Cambridge, U.K.: 
Cambridge University Press, 2011).

47	BMU, 20 February 2012, op. cit. note 28.
48	IEA, Technology Roadmaps, Biofuels for Transport (Paris: 

2011), at http://www.iea.org/publications/free_new_Desc.
asp?PUBS_ID=2389.

49	Ethanol and biodiesel production from F.O. Licht, op. cit. note 
1; for more details and information about advanced fuels for 
aviation and other uses, see Bioenergy section.

50	See, for example, Nicolaj Stenkjaer, “Biogas for Transport,” 
Nordic Folkecenter for Renewable Energy, November 2008, at 
www.folkecenter.net/gb/rd/transport/biogas_for_transport; 
Switzerland from Dunja Hoffmann, Deutsce Gesellschaft für 
Internationale Zusammenarbeit (GIZ), personal communica-
tion with REN21, 29 April 2011.

51	Natural and Bio Gas Vehicle Association (NVGA Europe) 
Web site, www.ngvaeurope.eu, viewed March 2011. Sweden 

also from Stenkjaer op. cit. note 50; Switzerland also from 
Hoffmann, op. cit. note 50. See also Stephan Kabasci, “Boosting 
Biogas with Heat Bonus: How Combined Heat and Power 
Optimizes Biogas Utilization,” Renewable Energy World, 
September/October 2009.

52	Swedish Energy Agency, Transportsektorns energianvändning 
2010, (Energy Use in the Transport Sector 2010) (Eskilstuna, 
Sweden: 2011).

53	Erik Kirschbaum, “Analysis: German Rail to Run on Sun, Wind 
to Keep Clients Happy,” Reuters, 23 August 2011, at http://
planetark.org/wen/63027.

54 	The primary source for this table is Intergovernmental Panel 
on Climate Change (IPCC), Special Report on Renewable 
Energy Sources and Climate Change Mitigation (Cambridge, 
U.K.: Cambridge University Press, 2011). Note that monetary 
data from the IPCC are converted from USD 2005 to USD 2012 
using U.S. Bureau of Labor Statistics, Consumer Price Index 
Inflation Calculator, http://stats.bls.gov/data/inflation_calcu-
lator.htm, viewed 12 April 2012. LCOE/LCOH data from IPCC 
assume a discount rate of 7% except as noted.

	 POWER SECTOR
	 Biomass power: IPCC, op. cit. this note. LCOE low-end is 

based on feedstock costs of USD 1.47/GJ and low-end capital 
costs; high-end figure is based on feedstock cost of (2005)
USD 5.87/GJ and high-end capital costs. Geothermal power: 
Capacity factor and per kWh costs from IPCC, op. cit. this 
note, pp. 425–26, 1,004–06. Cost ranges are for greenfield 
projects, at a capacity factor of 74.5%, a 27.5-year economic 
design lifetime, and 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 current 
dollars.) Hydropower: Characteristics based on IPCC, op. cit. 
this note, and on Arun Kumar, Alternate Hydro Energy Centre, 
Indian Institute of Technology Roorkee, personal communica-
tion with REN21, March 2012. For grid-based projects, capital 
cost ranges and LCOE for new plants of any size provided in 
table are from International Energy Agency (IEA), Deploying 
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 2.1–12.9 
U.S. cents/kWh assuming a 7% discount rate. Investment 
costs for hydropower projects can be as low as USD 400–500 
per kW but most realistic projects today are in the range of 
USD 1,000–3,000 per kW, per IPCC, p. 1,006. 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 projects. Normally small-scale 
hydro projects last 20–50 years compared to large-scale hydro, 
which may last 30–80 years. However, the generation cost of a 
reservoir-based project may be also high as it serves in many 
instances as peak power. 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. Solar PV: All cost data are based on Europe, as 
are characteristics, and drawn from European Photovoltaic 
Industry Association (EPIA), Market Report 2011 (Brussels: 
January 2012), at http://www.epia.org/index.php?eID=tx_
nawsecuredl&u=0&file=fileadmin/EPIA_docs/publications/
epia/EPIA-market-report-2011.pdf&t=1331313369&hash=cbf
ab7920963574a77a42182a06e071b, and from EPIA, personal 
communication with REN21, 3 April 2012. Conversion 
efficiency is from IPCC, op. cit. this note, p. 1,004; note that 
utility-scale ground-mounted data are based on one-axis tilt. 
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Other cost estimates are as follows: capital costs for rooftop of 
USD 3,300–5,800 and for ground-mounted utility-scale of USD 
2,700–4,100, and LCOE for rooftop of 13.8–68.8 U.S. cents/
kWh and for utility-scale of 11.3–48.6 U.S. cents/kWh are all 
as of June 2011, from IEA, op. cit. this note; rooftop LCOE of 
14–23 U.S. cents/kWh (with no specifications for scale, global 
average costs assuming 6% discount rate, 16–26% capacity 
factor; O&M costs of USD 6–26/kW) from Ron Pernick, Clint 
Wilder, and Trevor Winnie, Clean Energy Trends 2012, March 
2012; utility-scale capital cost averaging USD 2,600 (€2 million 
per MW) for 2011 from Denis Lenardic, PVresources, personal 
communication with REN21, March, 2012. Note that while PV 
module prices are global, balance of system costs are much 
more local. Also, note that prices have been changing rapidly. 
CSP: Characteristics include tower plant sizes and storage 
ranges from European Solar Thermal Electricity Association 
(ESTELA), personal communication with REN21, 22 March 
2012; Fred Morse, Abengoa Solar, personal communication 
with REN21, 26 March 2012; storage ranges and capacity 
factors also from Claudia do Valle, Renewable Energy Analyst, 
IITC, “Power Sector Costing Study – Concentrated Solar 
Power,” presentation to the 3rd Thermal Electricity Industry 
Forum, Cologne, Germany, 30 January 2012, at http://
www.estelasolar.eu/fileadmin/ESTELAdocs/documents/
events/3RD_STEI_FORUM/Presentations/1.3_Claudia_Do_
Valle_ESTELA_3rd_STEI_Forum_15Feb2012.pdf; the capacity 
factor of parabolic trough plants with six hours of storage, in 
conditions typical of the U.S. Southwest, was estimated to be 
35–42%, per IPCC, op. cit. this note, pp. 1,004, 1,006. Note that 
the Gemasolar plant, which began operation in Spain in 2011, 
has storage for up to 15 hours, per Torresol Energy, “Gemasol,” 
http://www.torresolenergy.com/TORRESOL/gemasolar-
plant/en. Parabolic trough plants 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), and Protermosolar, the Spanish 
Solar Thermal Electricity Industry Association, April 2012. 
Note that multiple systems can be combined for higher capac-
ity plants. Capital costs for parabolic trough plants without 
storage and solar tower plants with 6–18 hours storage are 
based on do Valle, op. cit. this note; parabolic trough plants 
with six hours storage based on ranges of USD 7,100–9,800 
from do Valle, op. cit. this note, and USD 7,070–8,600 from 
IPCC, op. cit. this note, pp. 1,004–1,006. LCOE range from IPCC, 
op. cit. this note, p. 1,004, assuming 7% discount rate; other 
LCOE estimates include 26 U.S. cents/kWh based on 2010 
data (estimated from chart) from Luis Crespo, ESTELA, “Solar 
Thermal Electricity: The Real Uptake,” presentation to the 
3rd Thermal Electricity Industry Forum, Cologne, Germany, 
15 February 2012, at http://www.estelasolar.eu/fileadmin/
ESTELAdocs/documents/events/3RD_STEI_FORUM/
Presentations/1.2_Luis_Crespo_CSP_in_Europe_ESTELA_3rd_
STEI_Forum_15Feb2012.pdf (assumptions include 250 MW, 
Europe-based (i.e., Spain), eight hours storage); about 18 U.S. 
cents/kWh for trough also from Frank Wilkins, CSP Team 
Lead, Solar Energy Technologies Program, U. S. Department 
of Energy, “New at DOE: SunShot initiative,” presented at 
CSPToday USA Conference, 29–30 June 2011. Wind power: 
Characteristics based on turbine size from JRC Scientific and 
Technical Reports, op. cit. this note; on- and offshore capacity 
factor from IPCC, op. cit. this note, p. 1,005. Installed capital 
costs and LCOE for on- and offshore from IPCC, op. cit. this 
note, p. 1,005; assumes 7% discount rate. Range of 4–16 
U.S. cents/kWh from IEA, op. cit. this note. For U.S. costs and 
trends, see also Mark Bolinger and Ryan Wiser, Understanding 
Trends in Wind Turbine Prices Over the Past Decade (Berkeley, 
CA: Lawrence Berkeley National Laboratory, October 2011), at 
http://eetd.lbl.gov/ea/ems/reports/lbnl-5119e.pdf. Note that 
the lowest-cost onshore wind projects have been installed in 
China; higher costs have been experienced in Europe and the 
United States. All small-scale data from World Wind Energy 
Association, 2012 Small Wind World Report (Bonn: March 
2012).

	 HEAT SECTOR
	 Biomass heat: IPCC, op. cit. this note, Annex III and Helena 

Chum, National Renewable Energy Laboratory (NREL), per-
sonal communications with REN21, 31 March 2012. Assumes 
feedstock cost of 4.4–7.3 USD/GJ for CHP plants, and 11.8–23.5 
USD/GJ for pellet heating; 7% discount rate for CHP and 10% 
discount rate for domestic pellet heating. Geothermal heat: 
IPCC, op. cit. this note, pp. 427, 1,010–11 (converted from USD 
2005), 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 and 
a lifetime of 25 years. For heat pumps, assumed 25–30% as 
the load factor and 20 years as the operational lifetime; 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: Solar heating plant 
sizes and capital costs for Europe from Werner Weiss, personal 
communication with REN21, April 2012. Global and China 
capital costs and LCOE from IPCC, op. cit. this note, p. 1,010. 
IPCC LCOE assume 7% discount rate. Domestic hot water 
(China) and domestic hot water, thermosiphon, combi-systems 
(elsewhere) from IPCC, op. cit. this note, Annex A3, p. 1,010, 
assuming 7% discount rate. (European data were converted 
from Euro/m2. For domestic hot water systems, original data 
were: Small-scale: 900–930 Euro/m2; Large-scale: 550–570 
Euro/m2; for domestic heating hot water systems, original data 
were: Small-scale: 750–800 Euro/m2; Medium-scale: 470–550 
Euro/m2; District heat: 250–420 Euro/m2; with storage: 570 
Euro/m2.) 

	 TRANSPORT SECTOR
	 For biodiesel, feedstock cost represents 10-15% of total pro-

duction cost for waste oils, and 80-90% for vegetable oils; for 
ethanol, feedstock cost represents 50–80% of total production 
cost. Note that for many years the cost of ethanol produced 
from Brazilian sugar cane was lower than that of corn ethanol 
in the United States. Weather impacts in Brazil and other 
sugar-producing countries over several years reduced global 
sugar production and stocks. At the same time, consumption 
increased in a number of developing countries, particularly 
China, leading to record-high market prices for sugar, and 
increasing competition between sugar and ethanol production. 
Historical cost data (cents per kilowatt-hour) for Brazilian sug-
arcane include: 20 (2004/5); 35 (2006/7); and for U.S. corn 
ethanol (dry mill) they include: 33 (2004/5); 47 (2006/7). 
Biofuels based on estimated production costs with lifetime of 
20 years for plants varying in size from 5–250 million litres/
year of fuel using a 10% discount rate. Data compiled from H. 
Chum et al., “Bioenergy,” Chapter 2 in IPCC, op. cit. this note, 
pp. 244–45; A. Milbrandt and R.P. Overend, Future of Liquid 
Biofuels for APEC Economies, report prepared for Asia-Pacific 
Economic Cooperation (Golden, CO: NREL, 2008), at www.
biofuels.apec.org/pdfs/ewg_2008_liquid_biofuels.pdf; 2011 
sugarcane ethanol production costs from U.S. Department of 
Agriculture, Global Agriculture Information Network, Biofuels 
Annual (Brazil) (Washington, DC: 2012); selected examples 
from T. Bruckner et al., “Annex III: Cost Table,” in IPCC, op. cit. 
this note, pp. 1,014–17; early ethanol data from L. Tao and A. 
Aden, “The economics of current and future biofuels,” In Vitro 
Cellular & Developmental Biology - Plant, vol. 45, no. 3 (2009), 
pp. 199–217. 
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(Houston, TX: 14 February 2012), at http://www.tas.com/press-
releases/tic/tas-energy-wins-2012-excellence-in-renewable-
energy-award-for-geothermal-project-of-the-year.html.

42	  Siemens made the announcement at the GEA expo in San 
Diego, per ”Video: Siemens Enters Geothermal Market,” 
RenewableEnergyWorld.com, 28 October 2011, at http://www.
renewableenergyworld.com/rea/news/article/2011/10/
video-siemens-enters-geothermal-market?cmpid=WNL-
Wednesday-November2-2011.

43	  “Geothermal Outlook 2012: Despite Difficulties, Industry Will 
Forge Ahead,” RenewableEnergyWorld.com, 21 December 
2011, at http://www.renewableenergyworld.com/rea/
news/article/2011/12/geothermal-outlook-2012-despite-
difficulties-industry-will-forge-ahead?cmpid=WNL-Friday-
December23-2011.

 
 

HYDROPOWER  

1	 International Hydropower Association (IHA) estimates a global 
hydropower capacity addition of 25–30 GW during 2011 and 
cumulative capacity to be 970–1,000 GW at the end of 2011, per 
IHA, London, personal communication with REN21, April 2012. 
Also, global installed hydropower capacity at the end of 2010 is 
estimated to be in excess of 937 GW, per the International Journal 
on Hydropower & Dams (IJHD), Hydropower & Dams World Atlas 
2011 (Wallington, Surrey, U.K.: 2011).

2	 Based on global capacity of 970 GW at the end of 2011, a total 
of 496 GW for the top five countries including the addition 
of 15.2 GW in 2011 for these five countries (China at 12.25 
GW, Brazil at 1.58 GW, and Canada at 1.34 GW). Figure 9 is 
based on the following sources: China from China Electricity 
Council, “Statistics Newsletter of Electricity Industry in China 
2011,” 1 January 2012, at http://tj.cec.org.cn/tongji/niandu-
shuju/2012-01-13/78769.html. Total installed capacity is listed 
as 230.5 GW, of which 18.36 GW is pumped storage, yielding net 
hydro capacity of 212 GW; for Brazil, an estimated 1,576 MW was 
added in 2011, per Brazil National Agency for Electrical Energy 
(ANEEL), “Capacidade de geração em 2011 chega a 117,1 mil 
Megawatts,” 22 February 2012, http://www.aneel.gov.br/apli-
cacoes/noticias/Output_Noticias.cfm?Identidade=5233&id_
area=90 [in Portuguese]. Total installed capacity in Brazil, of all 
generating technologies, is listed in this source as 117,134.72 MW, 
of which 66.19% is large hydro and 3.3% is small hydro. Thus, 
total installed hydro capacity at the end of 2011 was 82,240 MW. 
By March 2012, total hydro capacity in Brazil was reported as 
82,457 MW, per ANEEL, Informações Gerenciais, March 2012, at 
http://www.aneel.gov.br/arquivos/PDF/informacoes_geren-
ciais_Mar_2012.pdf [in Portuguese]; U.S. total capacity at the end 
of 2010 was 78,825 MW with only 33 MW of anticipated capacity 
additions for 2011, per U.S. Energy Information Administration 
(EIA), Electric Power Annual 2012 (Washington, DC: 9 November 
2011), at http://www.eia.gov/electricity/annual/; Canada 
capacity additions of 1.34 GW from Marie-Anne Sauvé, Hydro 
Quebec, and Domenic Marinelli, Manitoba Hydro, personal 
communications via IHA, April 2012. Existing capacity of 75.08 
GW at the end of 2010 from Statistics Canada, Table 127-0009 
(Installed generating capacity, by class of electricity producer), at 
http://www5.statcan.gc.ca; Russia from Ministry of Energy of 
the Russian Federation, “The main types of electricity production 
in Russia,” http://minenergo.gov.ru/activity/powerindustry/
powersector/structure/manufacture_principal_views/, viewed 
[via Google Translate] 5 May 2012.

3	 Baseload versus load following from Richard Taylor, 
“Hydropower,” Chapter 7 in World Energy Council, 2010 Survey of 
Energy Resources (London: 2010), pp. 287–336; Canada gener-
ated more than United States based on 2011 data from Statistics 
Canada, at http://www20.statcan.gc.ca/tables-tableaux/can-
sim/csv/01270002-eng.zip, viewed 5 May 2012, and from U.S. 
EIA, Table 7.2a (Electricity Net Generation: Total (all sectors)), in 
Monthly Energy Review (Washington, DC: April 2012), p. 95, at 
http://www.eia.gov/totalenergy/data/monthly/pdf/sec7_5.
pdf, and on 2009 and 2010 data, from U.S. EIA, International 
Energy Statistics, “Hydropower Net Generation (billion kilowatt 
hours),”at http://www.eia.gov/cfapps/ipdbproject/iedindex3.
cfm?tid=6&pid=33&aid=12&cid=regions&syid=2009&eyid=20
10&unit=BKWH, viewed 5 May 2012.

4	 Hydropower generation in 2011 is estimated at 3,400 TWh, 
based on reported 2010 global generation and assumption that 
output remained fairly stable in 2011. Unchanged global 2011 
output is based on reported changes in countries that together 
accounted for over 75% of global hydropower generation in 2010: 
United States (+24.9% in annual output), Canada (+7.3%), EU-27 
plus Norway (-25.9%), Brazil (+11.1%), Russia (-5.4%), India 
(+18.9% for facilities larger than 25 MW), and China (-3.52%). 
The combined hydropower output of these countries was 
virtually unchanged on average or down slightly, resulted in an 
estimated 1.4% reduction in output. Total 2010 hydro generation 
was 3,428 TWh per BP Statistical Review of World Energy 2011 
(London: 2011), and 3,410 TWh per IJHD, op. cit. note 1. 2010 
and 2010 generation by country from “Table 7.2a, Electricity 
Net Generation,” in U.S. EIA, Monthly Energy Review, April 2012, 
at http://www.eia.gov/totalenergy/data/monthly/pdf/sec7_5.
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pdf; Statistics Canada, op. cit. note 2; EU-27 and Norway from 
European Commission, Eurostat database, http://epp.eurostat.
ec.europa.eu/portal/page/portal/energy/data/database; Brazil 
2010 generation from IJHD, op. cit. note 1, and 2011 generation 
from Mauricio Tolmasquim, EPE Brazil, personal communication 
with IHA on behalf of REN21, 4 April 2012; Ministry of Energy 
of the Russian Federation, op. cit. note 2; Government of India, 
Ministry of Power, Central Electricity Authority, http://www.cea.
nic.in/monthly_gen.html; China Electricity Council, op. cit. note 2.

5	 Figure 10 is based on the following sources: China capacity of 
12.25 GW from China Electricity Council, op. cit. note 2; Brazil 
from ANEEL, “Capacidade de geração…,” op. cit. note 2; Canada 
from Statistics Canada, op. cit. note 3; India total of 1,591 MW 
from Government of India, Ministry of Power, Central Electricity 
Authority, http://www.cea.nic.in/reports/monthly/execu-
tive_rep/dec11/1-2.pdf, viewed 5 May 2012. Of the total added 
in 2011, 1,381 MW was large-scale facilities (>25 MW) recorded 
by the Ministry of Power, while another 210 MW was small-scale 
installations (≤25 MW), tracked by the Ministry of New and 
Renewable Energy (MNRE). Government of India, Ministry of 
Power, Central Electricity Authority, “Monthly Review of Power 
Sector Reports,” Executive Summary, at http://www.cea.nic.in/
executive_summary.html; MNRE, “Achievements,” at http://
www.mnre.gov.in/mission-and-vision-2/achievements/, 
viewed 5 May 2012; Bridge to India, New Delhi, personal com-
munications with REN21, April-May 2012; Vietnam total added 
capacity in 2011 from EVN-NLDC (Electricity Vietnam), http://
www.nldc.evn.vn/News/7/371/Bao-cao-nam-2011.aspx [in 
Vietnamese]. Installed capacity in Vietnam at the end of 2010 as 
5.5 GW is from IJHD, op. cit. note 1.

6	 China Electricity Council, op. cit. note 2. Total installed capacity is 
listed as 230.5 GW, of which 18.36 GW is pumped storage, yielding 
net hydro capacity of 212 GW.

7	 “Renewable Energy Riding High,” China Daily, 25 February 2012, 
at http://www.chinadaily.com.cn/business/2012-02/25/
content_14691807_2.htm. Note that other sources provide 
different stated targets. For example, 284 GW from ”China’s 
12th Five-year Plan: Construction on Over 60 Hydropower 
(sic),” China Green News, http://eng.greensos.cn/ShowArticle.
aspx?articleId=1036. If realised, China will be exploiting 71% 
of its available hydroelectric power and a full 100% of that from 
eastern and central China, per idem.

8	 Total added capacity in 2011 from EVN-NLDC, op. cit. note 5. 
Installed capacity in Vietnam at the end of 2010 of 5.5 GW is from 
IJHD, op. cit. note 1.

9	 “Son La powers up with fourth turbine,” Vietnam Investment 
Review, 20 December 2011, at http://www.vir.com.vn/news/
business/son-la-powers-up-with-fourth-turbine.html.

10	 An estimated 1,576 MW was added in 2011, per ANEEL, 
“Capacidade de geração…,” op. cit. note 2. Total installed capacity 
in Brazil, of all generating technologies, is listed in this source as 
117,134.72 MW, of which 66.19% is large hydro and 3.3% is small 
hydro. This suggests that total installed hydro capacity at the end 
of 2011 was 82,240 MW. By March 2012, total hydro capacity 
in Brazil was reported as 82,457 MW, per ANEEL, Informações 
Gerenciais, op. cit. note 2.

11	 India total (1,591 MW) from Government of India, Ministry of 
Power, Central Electricity Authority, http://www.cea.nic.in/
reports/monthly/executive_rep/dec11/1-2.pdf, viewed 5 May 
2012; of the total added in 2011, 1,381 MW is large-scale facilities 
(>25 MW) recorded by the Ministry of Power, while another 210 
MW was small-scale installations (≤25 MW), tracked by MNRE). 
Government of India, Ministry of Power, Central Electricity 
Authority, “Monthly Review of Power Sector Reports,” op. cit. note 
5; MNRE, op. cit. note 5; Bridge to India, op. cit. note 5.

12	 Capacity addition of 1.34 GW from Sauvé and Marinelli, op. cit. 
note 2. Existing capacity of 75.08 GW at the end of 2010 from 
Statistics Canada, op. cit. note 2.

13	 ”More power from SEB,” The Star (Malaysia), 18 January 2012, at 
http://biz.thestar.com.my/news/story.asp?file=/2012/1/18/
business/20120118083805&sec=business.

14	 Alstom, “Sanko inaugurates 320 MW Yedigoze hydropower plant 
featuring Alstom hydro technology,” press release (Levallois-
Perret, France: 5 May 2011), at http://www.alstom.com/
press-centre/2011/5/sanko-inaugurate-320-mw-yedigoze-
hydropower-plant-featuring-alstom-hydro-technology/; 
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Porce 3,” Hydroworld.com, 8 September 2011, at http://www.
hydroworld.com/index/display/article-display.articles.
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and Database, 1 April 2012, at http://www.cdmpipeline.org/
index.htm.
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estimated to be at least USD 9.3 billion, per “Africa’s Friend 
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September 2011, at http://www.bloomberg.com/news/2011-
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0941&menuPK=228424&Projectid=P075941.
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Hydropower Project,” press release (Arusha: 12 September 
2011), at http://www.eac.int/about-eac/eacnews/771-
tz-uganda-deal-for-hydropower-project.html. The African 
Development Bank, World Bank, and European Investment 
Bank have all pledged to support the Ruzizi III project, per Alec 
Muhoho, “East Africa: Rwanda, DRC, Burundi Plan Ruzizi III Power 
Initiative,” AllAfrica.com, 17 July 2011, at http://allafrica.com/
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20	  Kira Kim Daubertshäuser, Deutsche Gesellschaft für 
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cation with REN21, April 2012.
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22	  ”Interview: Claude Lambert of Alstom Hydro North America,” 
RenewableEnergyWorld.com, 8 March 2012, at (http://www.
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www.lowermattagami.com/index.html.
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Change Mitigation (Cambridge, U.K.: Cambridge University Press, 
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Sauer, RWTH Aachen: Vorschlag für einen Fördermechanismus für 
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27	  Mathias Zuber, “Renaissance for Pumped Storage in Europe,” 
RenewableEnergyWorld.com, 20 August 2011, at http://www.
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28	  This plant is in Kaprun near Salzburg, per Verbund AG, “Pumped-
storage power plant Limberg II ceremoniously commissioned,” 
press release (Kaprun/Vienna: 10 May 2011), at http://www.
verbund.com/cc/en/news-media/news/2011/10/05/
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29	  Mathias Zuber, “Renaissance for Pumped Storage in Europe,” 
Hydroworld, July 2011, at http://www.hydroworld.com/index/
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posed by wind power development in Spain, per Fernando 
Perán Montero and Juan J. Pérez, “Wind-Hydro Integration: 
Pumped Storage to Support Wind,” Hydroworld.com, undated, at 
http://www.hydroworld.com/index/display/article-display.
articles.hydro-review-worldwide.volume-17.Issue_3.Articles.
Wind-Hydro_Integration__Pumped_Storage_to_Support_Wind.
html; in Austria, construction has been under way since 2010 
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due for completion in 2014, per Verbund AG, http://www.
verbund.com/cc/en/news-media/current-projects/austria/
reisseck-2, viewed April 2012; the 1,000 MW expansion of 
Linth-Limmern in Switzerland is to be completed in 2015, per 
Axpo AG, “Refurbishment of the Linth-Limmern Power Station,” 
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kraftwerksprojekte/ausbauprojekte_linth-limmern.html.
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(ISEP), Tokyo, Japan, personal communication with REN21, April 
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Electric Power Annual 2010 (Washington, DC: November 2011).

33	  No new installations are expected through 2015. ”Table 1.4. 
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Energy Source, 2011–2015,” in U.S. EIA, ibid.; U.S. Federal Energy 
Regulatory Commission, “Pumped Storage Projects,” www.
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35	  ”China’s 12th Five-year Plan…,” op. cit. note 7; 18 GW from China 
Electricity Council, op. cit. note 2.

36	  IHA, London, personal communication with REN21, April 2012.
37	  Estimate of 2,488 MW from Dongfang Electric Corporation 
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en/pr/pdf/tpr2011q3e.pdf.
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media/voith_gb_2011_en.pdf.
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37.

OCEAN ENERGY  

1	 Total existing (not pending) ocean energy installed capacity in 
2011 was 526,704 kW, per Ocean Energy Systems (OES), 2011 
Annual Report, Table 6.2. OES, also known as the Implementing 
Agreement on Ocean Energy Systems, functions within a frame-
work created by the International Energy Agency (IEA).

2	 “Turning Tides,” Korea Joongang Daily, 4 August 2011.
3	 Yekang Ko and Derek K. Schubert, South Korea’s Plans for Tidal 

Power: When a “Green” Solution Creates More Problems (San 
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November 2011), at http://nautilus.org/napsnet/napsnet-
special-reports; Yekang Ko, Derek K. Schubert, and Randolph T. 
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May-June 2011, at www.environmentmagazine.org/Archives/
Back%20Issues/2011/May-June%202011/conflict-of-greens-
full.html.

4	 The 520 MW Garolim and 1,320 MW Incheon Bay tidal power 
projects, the next two in line, appear to have been delayed from 
their original schedules, with the first of these (Garolim Bay) 
pushed back from its anticipated 2012 completion and now 
scheduled for construction by 2015, per Korea Western Power 
Co., Ltd., “New & Renewable Energy,” www.westernpower.co.kr/
new/english/business/sub04_01.asp. Incheon was originally 
expected on line by 2015, per Kwang-Soo Lee, Coastal Engineering 
Research Department, Korea Ocean Research & Development 
Institute (KORDI), Tidal and Tidal Current Power Study in Korea, 
May 2006, at www.oreg.ca/docs/May Symposium/KOREA.pdf. 
The third large project in Incheon Bay (840 MW Gangwha TPP) 
does not appear to have a definitive schedule.

5	 Hohyoungh Park, Korea University, “Sihwa Tidal Power 
Plant: A success of environmental and energy policy in 
Korea,” PowerPoint presentation, May 2007, at www.eer.
wustl.edu/McDonnellMayWorkshop/Presentation_files/
Saturday/Saturday/Park.pdf; United Nations Framework 
Convention on Climate Change, Clean Development 
Mechanism Web site, “Incheon Tidal Power Station CDM 
Project,” at http://cdm.unfccc.int/Projects/Validation/DB/
F8LSVUFKUW79Q565TOAQK4G2YIHKZR/view.html; Ko and 
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Schubert, op. cit. note 3.
6	 The turbines were integrated into a new breakwater that 

provided both economic and ecological synergies. Voith Hydro, 
“World’s first commercial wave power plant inaugurated at 
Mutriku - Milestone in energy generating history,” press release 
(Heidenheim, Germany: 8 July 2011), at http://www.voith.com/
press/562184.htm.
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wave power plant,” press release (Heidenheim, Germany: 21 
December 2011), at http://www.voith.com/press/564331.htm.

8	 Canada from Nova Scotia Power, “Annapolis Tidal Station,” http://
www.nspower.ca/en/home/environment/renewableenergy/
tidal/annapolis.aspx, and from OES, op. cit. note 1; China from 
OES, “China,” http://www.ocean-energy-systems.org/country-
info/china/, viewed May 2012; U.K. from OES, op. cit. note 1. 

9	 Martin McAdam, CEO, Aquamarine Power, “Consent for first 
Oyster wave power array,” 14 February 2012, at www.aqua-
marinepower.com/blog/consent-for-first-oyster-wave-power-
array/. Mr. McAdam notes: “A clear pathway to all the necessary 
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enablers for a business such as ours, and countries which lack a 
transparent and timely system will fall behind.”

10	 The Scottish Government, “Energy Lab Launched,” press release 
(Edinburgh: 2 September 2011), at www.scotland.gov.uk/News/
Releases/2011/02/09135339.

11	 Scottish Enterprise, ”£6 million wave and tidal energy develop-
ment funding available through WATERS,” press release (London: 
12 February 2012), at http://www.scottish-enterprise.
presscentre.com/Press-releases/-6-million-wave-and-tidal-
energy-development-funding-available-through-WATERS-47d.
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ing photovoltaic sector,” Renewable Energy World, July–August 
2011, pp. 71–75, at http://www.renewableenergyworld.
com/rea/news/article/2011/08/tracking-the-cpv-global-
market?cmpid=SolarNL-Tuesday-August9-2011; locations 
from Travis Bradford, Prometheus Institute, Chicago, personal 
communication with REN21, 21 March 2012.

40	 Pilot or prototype from Gitika Chanchlani, “Global concentrated 
photovoltaic market growth and investments,” Photovoltaics 
World, November-December 2011, pp. 22–27; MW projects from 
Debra Vogler, “CPV ramps to utility status in 2011,” Renewable 
Energy World, 18 October 2011, at http://www.electroiq.com/
articles/pvw/2011/10/cpv-ramps-to-utility-status-in-2011.
html; 33 MW from Steve Graff, “Concentrating Photovoltaics: 
It’s Make It or Break It Time,” RenewableEnergyWorld.com, 20 
January 2012, at http://www.renewableenergyworld.com/
rea/news/article/2012/01/concentrating-photovoltaics-
its-make-it-or-break-it-time. Note that GTM Research puts 
2010 year-end capacity at 28 GW, per Alasdair Cameron, 
“Tracking the CPV Global Market: Ready to Fulfill Its Potential?” 
RenewableEnergyWorld.com, 8 August 2011, at http://www.
renewableenergyworld.com/rea/news/article/2011/08/
tracking-the-cpv-global-market?cmpid=SolarNL-Tuesday-
August9-2011. Other sources provide differing and conflicting 
data: see Graff, op. cit. this note, “CPV Market Starts to Gain 
Momentum,” CompoundSemiconductor.net, http://www.com-
poundsemiconductor.net/csc/features-details/19734103/
CPV-market-starts-to-gain-momentu.html, and Chanchlani, op. 
cit. note 40.

41	 U.S. 10 new projects and 12 MW from SEIA and GTM Research, 
op. cit. note 6; largest markets from Gitika Chanchlani, “Global 
Concentrated Photovoltaic Market Growth and Investments,” 
RenewableEnergyWorld.com, 1 February 2012, at http://www.
renewableenergyworld.com/rea/news/article/2012/02/
global-concentrated-photovoltaic-market-growth-and-
investments?cmpid=SolarNL-Thursday-February2-2012; 
Australia, China, Denmark, Germany, Germany, Italy, Portugal, 
Saudi Arabia, Spain, United Arab Emirates, and the United States 
all developing CPV from “CPV World Map 2011, October update,” 
www.pv-insider.com/cpv, prepared for 3rd Annual Concentrated 
Photovoltaic Summit, San Jose, CA, November 2011; China also 
from Síle Mc Mahon, “Suntrix completes 700kW HCPV project 
in Golmud, Qinghai,” 16 January 2012, at http://www.pv-tech.
org/news/suntrix_completes_700kw_hcpv_project_in_gol-
mud_qinghai; France from David Appleyard, “San Diego’s New 
CPV Solar Giant,” RenewableEnergyWorld.com, 7 June 2011, 

at  http://www.renewableenergyworld.com/rea/news/
article/2011/06/for-solar-supplementcpv-goes-utility-
scale-in-san-diego; Greece from Graff, op. cit. note 40; Chile and 
Mexico from “Concentrating Photovoltaics in Latin America,” 
RenewableEnergyWorld.com, 16 February 2012, at http://
www.renewableenergyworld.com/rea/video/concentrating-
photovoltaics-in-latin-america?cmpid=SolarNL-Tuesday-
February21-2012; Egypt, Jordan, and Oman from Alasdair 
Cameron, “Tracking the Market: Focus on the concentrating 
photovoltaic sector,” Renewable Energy World, July–August 2011, 
pp. 71–75; Israel from “CPV World Map 2011, October update,” 
op. cit. this note; Malaysia, Malta, and South Africa from SolFocus, 
“Installations,” http://www.solfocus.com/en/installations/.

42	 Bradford, op. cit. note 39.
43	 Paula Mints,  “PV Sector Market Forecast: Thin-Film in the Era of 

Cheap Crystalline PV,” RenewableEnergyWorld.com, 9 February 
2011, at http://www.renewableenergyworld.com/rea/news/
article/2011/02/pv-sector-market-forecast.

44	 Due to from EurObserv’ER, op. cit. note 4, p. 115; outpacing from 
Chris O’Brien, “Thin film: a competitive option in a changing 
landscape,” RenewableEnergyWorld.com, 29 March 2012, at 
http://www.renewableenergyworld.com/rea/news/arti-
cle/2012/03/thin-film-a-competitive-option-in-a-changing-
landscape. Polysilicon prices dropped more than 60% in 2011 
according to Bloomberg New Energy Finance (BNEF), Energy: 
Week in Review, 27 December–2 January 2012, Issue 115.

45	 PHOTON International magazine notes that the average price of 
monocrystalline modules dropped to 43.1% from January 2011 
to January 2012, and the average price of polycrystalline modules 
dropped 44.9% during this period. The German Solar Industry 
Association (BSW-Solar) estimates that the cost of roof-mounted 
systems (<100 kW) declined 23.5%, although prices paid in 
the rest of the EU are generally higher because markets are not 
as mature. Both cited in EurObserv’ER, op. cit. note 4, p. 115. 
According to Bloomberg New Energy Finance (BNEF), PV module 
prices fell by 50% during 2011, from United Nations Environment 
Programme (UNEP)/BNEF, Global Trends in Renewable Energy 
Investment 2012 (Paris: 2012). In the United States, weighted 
average PV system prices dropped by 20% in 2011, per SEIA and 
GTM Research, op. cit. note 6. 

46	 Based on amorphous thin film at 0.77 Euros/Watt from “Solar 
energy 2011,” in Bank Sarasin, op. cit. note 5. The average selling 
price for cadmium telluride (CdTe) thin films in 2011 was USD 
1.28/W, per GTM Research, personal communication with REN21, 
April 2012; reduced price advantage from “Solar energy 2011,” in 
Bank Sarasin, op. cit. note 5.

47	 GTM Research, op. cit. note 4.
48	 Production in 2011 and 2010 from GTM Research, op. cit. note 

4. Note that production of cells was 27.2 GW from “Solar energy 
2011,” in Bank Sarasin, op. cit. note 5; was 23 GW per James 
Montgomery, “Global PV Markets: Asia Rising, Europe Sinking,” 
NPD Solarbuzz, 19 March 2012, at http://www.renewableen-
ergyworld.com/rea/news/article/2012/03/global-pv-
markets-asia-rising-europe-sinking; and was 37,185 MW per 
EurObserv’ER, op. cit. note 4, p. 124. Note that 2010 production 
of modules was 24 GW from “Solar energy 2011,” in Bank Sarasin, 
op. cit. note 5.

49	 Year-end production capacity and effective capacity 
from GTM Research, op. cit. note 4. Estimated 50 GW 
of year-end production capacity from Kari Williamson, 
“Solar PV capacity expansion slows to 10% in 2012,” 
RnewableEnergyFocus.com, 4 November 2011, at http://
www.renewableenergyfocus.com/view/21817/
solar-pv-capacity-expansion-slows-to-10-in-2012/.

50	 GTM Research, op. cit. note 4.
51	 Doubling from “China Solar Silicon Production Curbed 30% 

to Lift Prices: Energy,” Bloomberg.com, 16 February 2012, at 
http://www.bloomberg.com/news/2012-02-16/china-
solar-silicon-production-curbed-30-to-lift-prices-energy.
html; 81% from Lara Chamness and Dan Tracy, “Polysilicon 
Manufacturing Trends,” RenewableEnergyWorld.com, 1 August 
2011, at http://www.renewableenergyworld.com/rea/news/
article/2011/08/polysilicon-manufacturing-trends; “Solar 
energy 2011,” in Bank Sarasin, op. cit. note 5. Historically, the 
semiconductor industry consumed two-thirds of the polysilicon 

ENDNOTES  02  MARKET  AND INDUSTRY  TRENDS  BY  TECHNOLOGY –  SOLAR PV02



145

RE
NE

WABL


E
S 

20
12

 G
LO

BAL
 

ST
AT

US
 R

EP
OR

T

4102

supply, with the remaining one-third going to the photovoltaic 
industry, per Chamness and Tracy, op. cit. this note. The largest 
manufacturer in 2010 was Hemlock (USA) with 22.4% market 
share, followed by Wacker Chemie (Germany) with 19.8%, OCI 
Chemical (South Korea, 8.9%), and GCL-Poly (China, 8.7%); of 
the top 10 global crystalline silicon wafer producers in 2010, 
five are based in China (LDK Solar, CGL Solar, ReneSola, Yingli 
Green, and Trina Solar), and three in Germany (Schott, Bosch, and 
SolarWorld), per “Solar energy 2011,” in Bank Sarasin, op. cit. note 
5.

52	 Paula Mints, “Reality Check: The Changing World of PV 
Manufacturing,” RenewableEnergyWorld.com, 5 October 2011, 
at http://www.renewableenergyworld.com/rea/news/
article/2011/10/reality-check-the-changing-world-of-pv-
manufacturing?cmpid=SolarNL-Thursday-October6-2011.

53	 Expense of European firms from “Solar energy 2011,” in Bank 
Sarasin, op. cit. note 5; 2010 from Greentech Media, PV News, 
April 2011.

54	 GTM Research, op. cit. note 4.
55	 Modules flat while others declined from SEIA and GTM Research, 

op. cit. note 6; U.S. share from GTM Research, op. cit. note 4; 32% 
from SEIA and GTM Research, op. cit. note 6. 

56	 Top 15 and Figure 13 from GTM Research, op. cit. note 4. 
57	 Delays from Ucilia Wang, “First Solar’s CEO Leaves Abruptly Amid 

Tough Times for Solar Industry,” RenewableEnergyWorld.com, 
25 October 2011, at http://www.renewableenergyworld.com/
rea/news/article/2011/10/first-solars-ceo-leaves-abruptly-
amid-bad-times-for-solar-industry?cmpid=SolarNL-Thursday-
October27-2011.

58	 Rankings and shifts based on GTM Research, PV News, May 2011, 
and GTM Research, op. cit. note 4.

59	 India is increasing production of polysilicon, solar cells, modules, 
and balance of system components to achieve national targets, 
per “Lanco’s foray into Solar Business,” The Business Standard, 10 
February 2011, at http://www.business-standard.com/india/
news/lancoamp8217s-foray-into-solar-business/424690/; 
Lanco, “Services - Integrated Manufacturing,” http://www.lanco-
group.com/DynTestform.aspx?pageid=86, viewed 22 December 
2011; Nilesh Jadhav, “India’s Readiness as Solar Energy Leader,” 
Solar Novus Today, 8 February 2011, at  http://www.solarnovus.
com/index.php?option=com_content&view=article&id=2178
:indias-readiness-as-solar-energy-leader&catid=46:politics-
policy-features&Itemid=250\; Chris Whitmore, “AEG Power 
Solutions inaugurates 400MW PV manufacturing facility,” PV-tech.
org, 13 October 2011, at http://www.pv-tech.org/news/
aeg_power_solutions_inaugurates_400mw_pv_manufactur-
ing_facility. PV manufacturing was up sixfold since 2007, per 
Bridge to India, The India Solar Handbook (Delhi: 2011).

60	 “Solar energy 2011,” in Bank Sarasin, op. cit. note 5; China from 
ENF presentation, 7 December 2011, summary provided by Frank 
Haugwitz, DCC China Limited, personal communication with 
REN21, April 2012.

61	 U.S. solar panel manufacturers Solyndra, Evergreen Solar, and 
SpectraWatt all declared bankruptcy within a one-month period, 
per Kirsten Korosec, “Solar manufacturer deathwatch: Solon files 
for insolvency,” 14 December 2011, at http://www.smartplanet.
com/blog/intelligent-energy/solar-manufacturer-deathwatch-
solon-files-for-insolvency/11321?tag=search-rive; BNEF, 
“Plight of Solyndra Raises Uncomfortable Questions for US Policy 
on Solar,” Energy: Week in Review, 30 August–5 September 2011, 
Issue 99; Q-Cells from Steve Leone, “Solar Struggles Continue: 
Q-Cells to File for Bankruptcy,” RenewableEnergyWorld.com, 
2 April 2012, at http://www.renewableenergyworld.com/
rea/news/article/2012/04/solar-struggles-continue-q-cells-
files-for-bankruptcy?cmpid=SolarNL-Tuesday-April3-2012; 
Energy Conversion Devices also declared bankruptcy, per Ucilia 
Wang, “California Utility Scales Back Rooftop Solar Program to 
Save Money,” RenewableEnergyWorld.com, 17 February 2012, 
at http://www.renewableenergyworld.com/rea/news/
article/2012/02/california-utility-scales-back-rooftop-solar-
program-to-save-money?cmpid=SolarNL-Tuesday-Febru-
ary21-2012; Solar Millennium from “Solar Millennium files for 
insolvency,” RenewableEnergyFocus.com, 23 December 2011, at 
http://www.renewableenergyfocus.com/view/22845/solar-
millennium-files-for-insolvency/; Solon of Germany was bought 

by Microsol, United Arab Emirates, per James Montgomery, 
“UAE’s Microsol Buying Solon’s Assets,” RenewableEnergyWorld.
com, 6 March 2012, at http://www.renewableenergyworld.
com/rea/news/article/2012/03/uaes-microsol-buying-
solons-assets?cmpid=WNL-Wednesday-March7-2012; 
Photowatt was purchased by Electricité de France, per Kari 
Williamson, “EDF given green light for Photowatt acquisition,” 
RenewableEnergyFocus.com, 2 March 2012, at http://www.
renewableenergyfocus.com/view/24271/edf-given-green-
light-for-photowatt-acquisition/; Zhejiang Xiecheng Silicon 
Industry Company was the first Chinese company to collapse, per 
China Solar Silicon Production Curbed 30% to Lift Prices: Energy,” 
Bloomberg.com, 16 February 2012, at http://www.bloomberg.
com/news/2012-02-16/china-solar-silicon-production-
curbed-30-to-lift-prices-energy.html. In addition, the number of 
active companies in the thin film industry fell from 150 in 2010 to 
about 100 in 2011, from “Solar energy 2011,” in Bank Sarasin, op. 
cit. note 5.

62	  Kirsten Korosec, “As BP exits solar business, TransCanada jumps 
in,” 21 December 2011, at http://www.smartplanet.com/blog/
intelligent-energy/as-bp-exits-solar-business-transcanada-
jumps-in/11509?tag=search-river; Derek Beebe, “Röttgen 
won’t take the blame for First Solar’s decision to exit Germany,” 
PHOTON International, April 2012, at http://www.photon-
magazine.com/news_archiv/details.aspx?cat=News_PI&sub
=europe&pub=4&parent=4262; Tiffany Hsu, “First Solar to cut 
2,000 jobs; BrightSource abandons IPO plans,” Los Angeles Times, 
21 April 2012. 

63	  Abound Solar from Steve Leone, “Abound Solar Halts Thin-
film Production,” RenewableEnergyWorld.com, 1 March 
2012, at http://www.renewableenergyworld.com/rea/
news/article/2012/03/abound-solar-halts-thin-film-
production?cmpid=WNL-Friday-March2-2012; Bosch 
postponed construction of Malaysia facility while awaiting new 
production technologies and due to concerns about oversupply 
in the market, per Kari Williamson, “Bosch postpones Malaysian 
solar facility,” 13 February 2012, at http://www.renewableen-
ergyfocus.com/view/23831/bosch-postpones-malaysian-
solar-facility/; Conergy announced it would shut cell and wafer 
productions lines, per Kari Williamson, “Solar PV capacity 
expansion slows to 10% in 2012,” RenewableEnergyFocus.com, 
4 November 2011, at http://www.renewableenergyfocus.
com/view/21817/solar-pv-capacity-expansion-slows-
to-10-in-2012/; First Solar idled four lines in German plant, 
postponed a facility in Arizona, and discontinued work on 
proposed plant in Vietnam, per James Montgomery, “First 
Solar’s 4Q11 Takeaways: Warranty Woes, and a Radical Idea,” 
RenewableEnergyWorld.com, 29 February 2012, at http://www.
renewableenergyworld.com/rea/news/article/2012/02/
first-solars-4q11-takeaways-warranty-woes-and-a-radical-
idea?cmpid=SolarNL-Thursday-March1-2012; then First Solar 
permanently closed its plant in Frankfurt, per “FirstSolar closes 
European solar manufacturing base,” RenewableEnergyFocus.
com, 17 April 2012, at http://www.renewableenergyfocus.com/
view/25216/firstsolar-closes-european-solar-manufacturing-
base/; Isofoton shifted from Spain to China and the United States, 
per Manuel Baigorri and Ben Sills, “China National Invests $300 
Million in Isofoton PV Venture,” Bloomberg.com, 2 February 2012, 
at http://www.bloomberg.com/news/2012-02-01/cnooc-to-
invest-300-million-in-isofoton-venture-for-china-solar.html; 
Q-Cells from Ucilia Wang, “Solar Manufacturers Expect Tough 
Times for 2012,” RenewableEnergyWorld.com, 22 November 
2011, at http://www.renewableenergyworld.com/rea/news/
article/2011/11/solar-manufacturers-expect-tough-times-
for-2012?cmpid=WNL-Wednesday-November23-2011; REC 
Group in Norway (solar wafer and cell plants) from “REC sells 
€50m worth of solar plant equipment,” RenewableEnergyFocus.
com, 17 February 2012, at http://www.renewableenergyfocus.
com/view/23857/rec-sells-50m-worth-of-solar-plant-
equipment/; Sanyo is shifting silicon ingot and wafer production 
from California to Malaysia and Sumco, also of Japan, leaving 
the business of making silicon wafers, per Ucilia Wang, “Sanyo 
to Close Solar Factory In California,” Forbes, 3 February 2012, 
at http://www.forbes.com/sites/uciliawang/2012/02/03/
sanyo-to-close-solar-factory-in-california/; SCHOTT Solar AG 
discontinued wafer manufacturing at its Jena, Germany, facility 
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due to overcapacities and severe price reductions for wafers 
and cells, per “SCHOTT to discontinue wafer manufacturing at 
German facility,” 23 February 2012, at http://www.electroiq.
com/photovoltaics/2012/02/17/schott-to-discontinue-
wafer-manufacturing-at-german-facility.html?cmpid=ENL
PVTimesFebruary232012; SolarWorld of Germany closed its 
factory in California and shifted to Oregon, and also shut older 
production lines in Germany, per Kirsten Korosec, “Solar manu-
facturer deathwatch: Solon files for insolvency,” 14 December 
2011, at http://www.smartplanet.com/blog/intelligent-
energy/solar-manufacturer-deathwatch-solon-files-for-
insolvency/11321?tag=search-rive; BNEF, op. cit. note 61.

64	 David Appleyard, “China not immune to solar market shocks,” 
Renewable Energy World, January–February 2012, p. 54; Síle Mc 
Mahon, “Report claims 50% of Chinese solar firms have ceased 
production,” PV-tech.org, 9 December 2011, at http://www.
pv-tech.org/news/report_claims_50_of_chinese_solar_firms_
have_ceased_production.

65	 GE from Steve Leone, “GE on Jump Into Solar: ‘We’re Confident 
and We’re Scaling Up’,” RenewableEnergyWorld.com, 14 October 
2011, at http://www.renewableenergyworld.com/rea/news/
article/2011/10/ge-on-jump-into-solar-were-confident-and-
were-scaling-up?cmpid=SolarNL-Tuesday-October18-2011. 
Other players include Solar Frontier (a division of Showa Shell), 
which opened Japan’s largest module production facility and 
the world’s largest copper indium selenide factory, per Isabella 
Kaminski, “Solar Frontier opens flagship solar panel factory,” 
RenewableEnergyFocus.com, 4 August 2011, at http://www.
renewableenergyfocus.com/view/19796/solar-frontier-
opens-flagship-solar-panel-factory/; other major companies 
taking an interest in PV include Hanergy, Hyundai, and Samsung, 
per “Solar energy 2011,” in Bank Sarasin, op. cit. note 5.

66	 REN21, Renewables 2011 Global Status Report (Paris: 2011). 
For example, see Mark Osborne, “SolarWorld acquisition of PV 
project developer Solarparc completed,” PV-tech.org, 6 February 
2012, at http://www.pv-tech.org/news/solarworld_acquisi-
tion_of_pv_project_developer_solarparc_completed.

67	 REN21, op. cit. note 66.
68	 For example, SolarCity recently partnered with Shea Homes to 

provide solar PV to all of Shea’s new zero net energy homes, per 
Eric Paul, “Zero Net Energy Buildings Emerging as Market Driver 
for Solar,” RenewableEnergyWorld.com, 15 March 2012, at http://
www.renewableenergyworld.com/rea/blog/post/2012/03/
zero-net-energy-buildings-emerging-as-market-driver-for-
solar?cmpid=SolarNL-Tuesday-March20-2012; and utility 
NRG Energy has announced a plan with Bank of America and 
real estate firm Prologis to spend USD 1.4 billion to install solar 
systems on 750 commercial rooftops, per Jonathan Fahey, “Solar 
power is beginning to go mainstream,” Associated Press, 23 
October 2011, at http://www.ajc.com/business/solar-power-
is-beginning-1208273.html.

69	 “Solar energy 2011,” in Bank Sarasin, op. cit. note 5; BNEF, op. cit. 
note 61. 

70	 Wang, op. cit. note 63.
71	 Rift from Stephen Lacey, “U.S. Solar Trade Surplus With China 

Turns Into Gaping Deficit, Says Coalition of Manufacturers,” 
RenewableEnergyWorld.com, 7 March 2012, at http://www.
renewableenergyworld.com/rea/news/article/2012/03/u-
s-solar-trade-surplus-with-china-turns-into-gaping-deficit-
says-coalition-of-manufacturers?cmpid=SolarNL-Thursday-
March8-2012; supply picture from SEIA and GTM Research, op. 
cit. note 6.

72	 Technology advancements from David Hopwood, “PV technol-
ogy developments 2011 and beyond,” RenewableEnergyFocus.
com, 3 February 2012, http://www.renewableenergyfocus.
com/view/23642/pv-technology-developments-2011-and-
beyond/; Chamness and Tracy, op. cit. note 51; efficien-
cies also from James Montgomery, “More Solar Efficiency 
Marks: SoloPower, Suntech, ISC, Alta Devices, Panasonic,”  
RenewableEnergyWorld.com, 26 March 2012, at http://www.
renewableenergyworld.com/rea/news/article/2012/03/
more-solar-efficiency-marks-solopower-suntech-isc-alta-
devices-panasonic?cmpid=WNL-Wednesday-March28-2012; 
cost reductions from Bradford, op. cit. note 39.

73	 Thin film producers from James Montgomery, “One Leader, Lots of 

Consolidation as CIGS Market Emerges,” RenewableEnergyWorld.
com, 25 January 2012, at http://www.renewableenergyworld.
com/rea/news/article/2012/01/one-leader-lots-of-consol-
idation-as-cigs-market-emerges?cmpid=WNL-Friday-Janu-
ary27-2012; the cost of manufacturing thin film silicon modules 
has fallen more than 50% over the past three years, per Chris 
O’Brien, “Thin film: a competitive option in a changing landscape,” 
RenewableEnergyWorld.com, 29 March 2012, at http://www.
renewableenergyworld.com/rea/news/article/2012/03/
thin-film-a-competitive-option-in-a-changing-landscape.

Concentrating Solar Thermal Power (CSP)  

1	 Based on estimates of 454 MW added in 2011 for a total of 
1,758 MW in operation. Estimates based on total installations 
worldwide gathered from the following: Comisión Nacional de 
Energía of Spain (CNE), Madrid, April 2012, provided by Instituto 
para la Diversificación y Ahorro de la Energía (IDAE), Ministerio 
de Industria, Energía y Turismo, personal communications with 
REN21, 17 and 18 May 2012. Note that these are near-final data 
and subject to final revisions. Note also that another source shows 
a lower year-end total for Spain (949 MW rather than 1,148.6 
MW) in 2011, from Red Eléctrica de Espagña (REE), El Sistema 
Eléctrico Espagña – Avance del informe 2011 (Madrid: January 
2012), and from Protermosolar, the Spanish Solar Thermal 
Electricity Industry Association, April 2012; United States from 
Morse Associates, Inc., personal communication with REN21, 
March, April, and May 2012, and from U.S. National Renewable 
Energy Laboratory (NREL), “Concentrating Solar Power Projects,” 
Solar Paces, http://www.nrel.gov/csp/solarpaces/; Algeria 
from NREL, “ISCC Argelia,” http://www.nrel.gov/csp/solar-
paces/project_detail.cfm/projectID=44, viewed 7 March 2012, 
from Abengoa Solar, “Integrated solar combined-cycle (ISCC) 
plant in Algeria,” http://www.abengoasolar.com/corp/web/
en/nuestras_plantas/plantas_en_operacion/argelia/, viewed 
27 March 2012, and from New Energy Algeria, “Portefeuille des 
projets,” http://www.neal-dz.net/index.php?option=com_con
tent&view=article&id=147&Itemid=135&lang=fr, viewed 
6 May 2012; Egypt’s 20 MW CSP El Kuraymat hybrid plant 
began operating in December 2010, from Holger Fuchs, Solar 
Millennium AG, “CSP – Empowering Saudi Arabia with Solar 
Energy,” presentation at Third Saudi Solar Energy Forum, Riyadh, 
3 April 2011, at http://ssef3.apricum-group.com/wp-content/
uploads/2011/02/2-Solar-Millennium-Fuchs-2011-04-04.pdf, 
and from “A newly commissioned Egyptian power plant weds new 
technology with old,” Renewables International, 29 December 
2010, at http://www.renewablesinternational.net/a-newly-
commissioned-egyptian-power-plant-weds-new-technology-
with-old/150/510/29807/; Ain Beni Mathar began generating 
electricity for the Moroccan grid in late 2010, from World Bank, 
“Nurturing low carbon economy in Morocco,” November 2010, at 
http://web.worldbank.org/WBSITE/EXTERNAL/COUNTRIES/
MENAEXT/0,,contentMDK:22750446~menuPK:324177~page
PK:2865106~piPK:2865128~theSitePK:256299,00.html, and 
from Moroccan Office Nationale de l’Électricité Web site, http://
www.one.org.ma, viewed 7 March 2012; Iran from Gavin Hudson, 
“First Solar Energy Plant Completed in Iran,” 2 January 2009, 
at http://ecolocalizer.com/2009/01/02/first-solar-energy-
plant-completed-in-iran/, and from “The second unit of gas 
turbine of Yazd solar- thermal combined cycle power plant has 
been synchronized with the National Grid,” 4 November 2009, at 
http://news.tavanir.org.ir/press/press_detail.php?id=14714; 
Italy from Archimedes Solar Energy Web site, http://www.archi-
medesolarenergy.it, viewed 6 March 2012; Thailand from Energy 
Policy and Planning Office, “Thailand’s VSPP Status,” 2011, at 
http://www.eppo.go.th/power/data/STATUS_VSPP_Dec%20
2011.xls; Australia’s Liddell CSP/coal plant from AREVA Solar, 
“Liddell Solar Thermal Station,” http://www.areva.com/medi-
atheque/liblocal/docs/pdf/activites/energ-renouvelables/
Areva_Liddell_flyer_HR.pdf; India from ACME, “ACME’s first 2.5 
MW solar thermal power plant has been commissioned which will 
be scaled up to 10MW at Bikaner, Rajasthan,” http://acme.in/
solar/thermal.html, viewed 28 March 2012, and from “Views of 
Manoj Upadhyay,” Renewable Watch, August 2011, pp. 32–33, at 
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Solar Thermal Heating and Cooling  
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WIND POWER  

1	 Estimates include: 40,564 MW added for a total of 237,669 
MW, per Global Wind Energy Council (GWEC), Global Wind 
Report: Annual Market Update 2011 (Brussels: March 2012); 
39,483 MW added for total of 237,017.5 MW, per World Wind 
Energy Association (WWEA), World Wind Energy Report 2011 
(Bonn: 2012); and 41,712 MW added for total of 241,029 MW, 
per Navigant’s BTM Consult ApS, World Market Update 2011 
(Copenhagen: 2012), Executive Summary. Note that approxi-
mately 528 MW of capacity was decommissioned worldwide, per 
GWEC, op. cit. this note. Figure 17 based on sources in this note.  

2	 “Around 50” based on estimate of 50 countries from WWEA, op. 
cit. note 1, and 49 countries from Steve Sawyer, Secretary General, 
GWEC, personal communication with REN21, April 2012; 68 
countries from WWEA, op. cit. note 1; 62 countries from Steve 
Sawyer, Secretary General, GWEC, personal communication with 
REN21, May 2012; 22 countries from idem and from GWEC, op. 
cit. note 1; top 10 from GWEC, op. cit. note 1. GWEC estimates 
that 71 countries had commercial wind power installations by 
year-end, per Sawyer, op. cit. this note, April 2012.

3	 Based on 2011 data and 2006 year-end capacity of 74,052 MW, 
per GWEC, op. cit. note 1.

4	 GWEC, “Wind energy powers ahead despite economic turmoil: 
21% increase in global installed capacity,” press release (Brussels: 
7 February 2012).

5	 Rankings from GWEC, op. cit. note 1, and from European Wind 
Energy Association (EWEA), Wind Directions, April 2012. Note 
that GWEC and EWEA estimate that the U.K. added 1,293 MW 
during 2011, putting it ahead of Canada (with 1,267 MW added, 
per GWEC), whereas WWEA estimates that 730 MW was added 
for a total of 6,018 MW, putting the U.K. well behind Canada 
(which GWEC and WWEA both agree installed 1,267 MW in 2011 
for a total of 5,265 MW at year-end). An estimated 1,092 MW 
was added in the U.K, per U.K. Department of Energy and Climate 
Change (DECC), Energy Trends (London: March 2012), at http://
www.decc.gov.uk/assets/decc/11/stats/publications/energy-
trends/4779-energy-trends-mar12.pdf.

6	 Share for 2011 based on EWEA, “Wind in Power: 2011 European 
Statistics” (Brussels: February 2012), and on GWEC, op. cit. note 
1; 51% from Navigant’s BTM Consult ApS, op. cit. note 1.

7	 Estimate of 17,631 MW added and reductions relative to 2010 
from Shi Pengfei, Chinese Wind Energy Association (CWEA), 
personal communication with REN21, 1 April 2012. Figure 18 
based on various sources throughout this section.

8	 Stricter approval procedures from “Goldwind led China turbine 
installations in 2011 with 3.6 GW,” World Wind Energy, 26 March 
2012, at http://en.86wind.com/?p=2615. The Chinese market is 
likely to maintain a similar installation level, at least for the next 
two years, with a new focus on improving quality and address-
ing some serious grid issues, per Steve Sawyer, GWEC, personal 
communication with REN21, April 2012. Furthermore, in recent 
years, local grid infrastructure has failed to keep up with new 
installations, and grid companies have been unable to manage the 
transmission system effectively, requiring increasing curtailment 
of wind production at peak periods, per GWEC, op. cit. note 1.

9	 Total of 62,364 MW from Shi, op. cit. note 7; five years earlier 
based on year-end 2006 capacity of 2,600 MW, from GWEC, 2007, 
cited in REN21, Renewables 2007 Global Status Report (Paris: 
REN21 Secretariat and Washington, DC: Worldwatch Institute, 
2008), p. 37.

10	 At the end of 2011, 45 GW was reported in commercial operation, 
with 15 GW added during the year; the cumulative by the end of 
2010 was 30 GW (down from 31 GW reported in early 2011), per 
China Electricity Council, provided to REN21 by Shi, op. cit. note 
7. Note that the process of finalizing the test phase and getting 
a commercial contract with the system operator takes time, 
accounting for the delays in reporting. The difference is explained 
by the fact that 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). 

11	 Figure of 13 provinces from GWEC, op. cit. note 1; provincial 

shares from Shi, op. cit. note 7.
12	 Data for 2011 are 6,816 MW added for total of 46,916 MW, per 

American Wind Energy Association (AWEA), “Annual industry 
report preview: supply chain, penetration grow,” Wind Energy 
Weekly, 30 March 2012; 2 million homes from Denise Bode, 
AWEA, cited in GWEC, op. cit. note 4. This compared with 5 GW 
added in 2010 and more than 10 GW in 2009, per AWEA, “U.S. 
Wind Energy Industry Finishes 2010 with Half the Installations 
of 2009, Activity Up in 2011, Now Cost-competitive with Natural 
Gas,” press release (Washington, DC: 24 January 2011).

13	 Gloria Gonzalez, “US Wind Industry Set to Slump, PTC or No PTC,” 
Environmental Finance, 28 March 2012, available at http://www.
croh.info/index.php?option=com_content&view=article&id=2
130:gloria-gonzalez-environmental-finance-wwwenvironmen-
tal-financecom&catid=10:news.

14	 AWEA, “U.S. Wind Industry Fourth Quarter 2011 Market Report” 
(Washington, DC: January 2012).

15	 AWEA, “Wind rebounds in 2Q, but continued growth depends 
on consistent tax policy, Iowa hits 20 percent wind power,” press 
release (Washington, DC: 4 August 2011), at http://www.awea.
org/newsroom/pressreleases/2q-2011-release.cfm.

16	 Based on 9,616 MW installed in EU-27 for total of 93,957 MW, per 
EWEA, op. cit. note 5; 2007 based on 93,820 MW from GWEC, op. 
cit. note 1.

17	 EWEA, op. cit. note 6.
18	 Ibid.
19	 An estimated 2,007 MW was added, with net capacity additions 

slightly lower (1,885 MW) due to repowering, for a total of 
29,075 MW at year-end. Capacity and generation from German 
Federal Ministry for the Environment, Nature Conservation and 
Nuclear Safety (BMU), Renewable Energy Sources 2011, based on 
information supplied by the Working Group on Renewable Energy 
– Statistics (AGEE-Stat), 8 March 2012. 

20	 The U.K. added 1,293 MW according to EWEA, op. cit. note 5, 
GWEC, op. cit. note 1, and Navigant’s BTM Consult ApS, op. cit. 
note 1; total installed capacity of 6,540 MW from EWEA, op. cit. 
note 5, and from GWEC, op. cit. note 1.  Note that the country 
added 1,092 MW for a total of 6,470 MW (preliminary data), per 
DECC, op. cit. note 5, and WWEA puts U.K. additions at 730 MW 
for a total of 6,018 MW, per WWEA, op. cit. note 1.

21	 Spain added 1,050 MW for a total of 21,674 MW, Italy added 950 
MW for a total of 6,747 MW (provisional), and France added 830 
MW for a total of 6,800 MW (provisional), per EWEA, op. cit. note 
5. Note that France added 980 MW for a total of 6,640 MW, per 
WWEA, op. cit. note 1.

22	 Based on 4,083 MW in Denmark by year-end, from GWEC, op. cit. 
note 1, WWEA, op. cit. note 1, and EWEA, op. cit. note 5. Note that 
Portugal installed 377 MW for a total of 4,083 MW from GWEC, 
op. cit. note 1, and EWEA, op. cit. note 5; it added 375 MW for a 
total of 4,083 MW per WWEA, op. cit. note 1; and added 434 MW 
for a total of 4,346 MW, per Portuguese Directorate General for 
Energy and Geology (DGEG), Lisbon, Portugal, country report for 
REN21, February 2012; the DGEG data were preliminary data and 
more recent statistics were chosen for this report, particularly as 
there was agreement across other sources. 

23	 Contraction from EWEA, op. cit. note 6; Romania’s capacity was 
up by 520 MW to 982 MW, Cyprus was up 63% by 52 MW to 134 
MW, Greece was up 24% by 311 MW to 1,629 MW, per EWEA, op. 
cit. note 5; Romania installed 235 MW for a total of 826 MW, and 
Greece ended the year with a total of 1,626.5 MW, according to 
WWEA, op. cit. note 1.

24	 Estimates include: 3,019 MW added for total of 16,084 MW, per 
GWEC, op. cit. note 1; 2,827 MW added for total of 15,880 MW, 
per WWEA, op. cit. note 1; 3,300 MW added from Navigant’s BTM 
Consult ApS, op. cit. note 1; and 1,922 MW added during 2011 
from Indian Ministry of New and Renewable Energy (MNRE), 
“Achievements,” http://www.mnre.gov.in/mission-and-
vision-2/achievements/, viewed 30 April 2012. MNRE shows 
16,179 MW of capacity by the end of January 2012, and 101 MW 
added during January, for a 2011 total of 16,078 MW at year-end.

25	 Figures for Canada of 1,267 MW added and 5,265 MW total from 
WWEA, op. cit. note 1, and from GWEC, op. cit. note 1.

26	 Brazil added 544 MW for a total of 1,471 MW, per Brazilian 
National Electric Energy Agency (ANEEL), Generation Data Bank, 
updated 23 February 2012, at www.aneel.gov.br/aplicacoes/
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capacidadebrasil/capacidadebrasil.asp [In Portuguese]; addi-
tions were 583 MW for a total of 1,509 MW, per GWEC, op. cit. 
note 1; and 498 MW was added for total of 1,429 MW, per WWEA, 
op. cit. note 1.

27	  Luiz Claudio S. Campo and Lucio Teixiera, “Renewable Energy 
Recap: Brazil,” RenewableEnergyWorld.com, 2 January 2012, at 

http://www.renewableenergyworld.com/rea/news/arti-
cle/2012/01/renewable-energy-recap-brazil. By April 2012, 
Brazil had 1,507 MW under construction and an additional 5,643 
MW was authorised for construction, per ANEEL, op. cit. note 26.

28	 Additions were 79 MW, 33 MW, 102 MW, and 50 MW, respectively, 
per GWEC, op. cit. note 1. Note that Mexico added more than 350 
MW during the year but, according to GWEC, most of this capacity 
was not grid connected until early 2012. Additions were slightly 
different according to WWEA, which estimated 75.2 MW, 20 MW, 
70 MW, and 408 MW, respectively, per WWEA, op. cit. note 1.

29	 GWEC, op. cit. note 1. 
30	 Little development from GWEC, op. cit. note 1. Note that GWEC 

puts total additions in the region at 31 MW. Cape Verde 2 MW 
from GWEC, op. cit. note 1; 25.5 MW added from ECOWAS 
Regional Centre for Renewable Energy and Energy Efficiency, 
“Cape Verde pertains 25% renewable energy penetration,” 
ECREEE Newsletter, vol. 4 (2012), at http://ecreee.vs120081.hl-
users.com/website/download.php?f=6cba8eb3868884845c6
c47e0533f22bb; Ethiopia from “Wind energy markets: Gathering 
new momentum,” Renewable Energy World, November-December 
2011, p. 7; Ethiopia added 30 MW, per WWEA, op. cit. note 1.

31	 GWEC, op. cit. note 1.
32	 Ibid. Note that Iran did not add capacity during 2011 and ended 

the year with 100 MW, per WWEA, op. cit. note 1. Turkey added 
525 MW for a total of 1,799 MW from WWEA, op. cit. note 1, and it 
added 470 MW for a total of 1,799 MW from GWEC, op. cit. note 1.

33	 Estimate of more than 0.9 GW capacity added and 4.1 GW 
operating globally from GWEC, op. cit. note 1. Note that 330 MW 
was added during 2011 for a total capacity of 2,105 MW offshore, 
according to Navigant’s BTM Consult ApS, op. cit. note 1; 397 MW 
was added for a total of 3,522.4 MW offshore globally at year-end 
according to WWEA, op. cit. note 1. There remains disagree-
ment among sources regarding the amount of capacity installed 
offshore; the U.K. accounts for most of the differences among 
these figures.

34	 Data for 2010 from WWEA, World Wind Energy Report 2010 
(Bonn: April 2010). 

35	 EWEA, op. cit. note 6.
36	 Based on U.K. additions of 752.45 MW from EWEA, op. cit. note 

6; Denmark from GWEC, op. cit. note 1, and from EWEA, op. cit. 
note 6; Germany added 108.3 MW for a total of 200.3 MW, per J.P. 
Molly, “Status der Windenergienutzung in Deutschland - Stand 
31.12.2011,” http://www.dewi.de/dewi/fileadmin/pdf/pub-
lications/Statistics%20Pressemitteilungen/Statistik_2011_
Folien.pdf. Note that the U.K. added 497 MW offshore for a total 
of 1,838 MW (preliminary estimates) per DECC, op. cit. note 5; it 
added 183.6 MW offshore for a total of 1,524.6 MW offshore per 
WWEA, op. cit. note 1; and it added 330 MW for a total of 2,105 
MW per Navigant’s BTM Consult ApS, op. cit. note 1. The large 
difference in U.K. estimates appears to stem from accounting 
practices. For example, EWEA tracks projects by wind turbine, 
counting capacity as machines are installed, connected, and 
start feeding electricity into the grid, whereas others (such as 
RenewableUK) count capacity only once the entire project is 
fully completed with all turbines connected, per Steve Sawyer, 
Secretary General, GWEC, personal communication with REN21, 
18 May 2012. For example, the 183.6 MW of additions counted 
by WWEA were for the Walney 1 project, the only one that was 
fully completed during 2011. Elsewhere in Europe, Denmark 
had a total of 857.6 MW at year-end and Germany had 215.3 MW 
per WWEA, op. cit. note 1; Denmark’s total was 832.9 MW and 
Germany’s was 198 MW per Navigant’s BTM Consult ApS, op. cit. 
note 1. 

37	 EWEA, op. cit. note 6. Only four EU coastal states (Bulgaria, 
Lithuania, Romania, and Slovenia) did not have identified 
pipelines for offshore wind by mid-2011, per EWEA, “Wind in our 
sails: The coming of Europe’s Offshore Wind Energy Industry” 
(Brussels: 2011), Executive Summary.

38	 China added 99.3 MW offshore, from GWEC, op. cit. note 1; 108 

MW added according to Navigant’s BTM Consult ApS, op. cit. note 
1; 258 MW from Steve Sawyer, GWEC, personal communication 
with REN21, March 2012, and from GWEC, op. cit. note 1. In addi-
tion, Japan has nearly 25 MW of wind capacity offshore and South 
Korea has 5 MW; neither country brought new capacity on line in 
2011.

39	 Cost considerations include cost of infrastructure such as 
sub-stations or grid connection points as well as licencing and 
permitting costs. Note, however, that there are indications 
that medium-sized projects are most cost-efficient. See, for 
example, John Farrell, “Wind Farm Size Hitting a Sweet Spot?” 
RenewableEnergyWorld.com, 14 April 2011, at http://www.
renewableenergyworld.com/rea/blog/post/2011/04/
wind-farm-size-hitting-a-sweet-spot.

40	 Stefan Gsänger, WWEA, Bonn, personal communication with 
REN21, 29 February 2012.

41	 U.S. share in 2010 and 2011 from AWEA, “U.S. Wind Industry 
Annual Market Report, Year Ending 2011,” a Product of AWEA 
Data Services, p. 12. The share is estimated to be 5% if municipal 
and publicly owned utilities are included, per Lisa Daniels, 
Windustry, cited in WWEA, “Community power update North 
America,” Quarterly Bulletin, March 2012. Excluding any utilities, 
the total is estimated at 2% of the 40 GW in operation at the end 
of 2010, per Mark Bolanger, U. S. Lawrence Berkeley National 
Laboratory, cited in WWEA, op. cit. this note. In addition, 
several thousand megawatts are under contract in Ontario, 
Canada, per WWEA, op. cit. this note. Germany as of 2010 from 
Paul Gipe, “‘Citizen Power’ Conference to Be Held in Historic 
Chamber Where World’s First Feed-in Law Was Enacted; 51% 
of German Renewables Now Owned by Its Own Citizens,” 5 
January 2012, at http://www.wind-works.org/coopwind/
CitizenPowerConferencetobeheldinHistoricChamber.html.

42	 Small-scale turbines from Andrew Kruse, Southwest Windpower 
Inc., personal communication with REN21, 21 May 2011.

43	 WWEA, 2012 Small Wind World Report (Bonn: March 2012), 
Summary.

44	 U.S. capacity in 2011 was an estimated 198 MW, per AWEA, “2011 
U.S. Small wind turbine market report,” (Washington, DC: 2011), 
at http://www.irecusa.org/wp-content/uploads/2011_GMR_
SmallWind_1pager_revised-041012.pdf; the others are from 
WWEA, op. cit. note 43; in 2010, China had 166 MW, the U.K. 43 
MW, and Germany, Canada, Spain, and Poland were all in the 7–15 
MW range, per WWEA, op. cit. note 43.

45	 AWEA, op. cit. note 44.
46	 Share of 2.3% from Navigant’s BTM Consult ApS, op. cit. note 1; 

3% from WWEA, “World market for wind turbines recovers and 
sets a new record: 42 GW of new capacity in 2012, worldwide 
total capacity at 239 GW,” press release (Bonn: 7 February 2012).

47	 Based on 204 TWh generation and shares from EWEA, op. cit. 
note 6. This is up from 4.8% in 2009, per EWEA, “Offshore and 
Eastern Europe New Growth Drivers for Wind Power in Europe,” 
www.ewea.org; and from 5.3% in 2010, per EWEA, op. cit. note 6.

48	 Denmark, Spain, Portugal, and Ireland from EWEA, op. cit. note 
6; Germany’s share of total gross national consumption, up from 
6.2% in 2010, from BMU, op. cit. note 19. All saw increased shares 
in 2011, relative to 2010, except Portugal.

49	 German states included Sachsen–Anhalt (48.1%), Brandenburg 
(47.7%), Schleswig-Holstein (46.5%), and Mecklenburg-
Vorpommern (46.1%); in addition, Niedersachsen met 25%, per 
J.P. Molly, “Status der Windenergienutzung in Deutschland - Stand 
31.12.2011,” http://www.dewi.de/dewi/fileadmin/pdf/pub-
lications/Statistics%20Pressemitteilungen/Statistik_2011_
Folien.pdf; South Australia from GWEC, op. cit. note 1.

50	 U.S. share was up from 1.8% in 2009 and 2.3% in 2010. Based 
on 120 TWh generated. Generation, 2.9% in 2011, and five states 
from AWEA, “Annual industry report preview…,” op. cit. note 12; 
1.8% in 2009 from Debra Preikis-Jones, AWEA, Washington, DC, 
personal communication with REN21, 8 June 2011; 119.7 TWh 
and 2.3% in 2010 from AWEA, op. cit. note 41, p. 6; South Dakota 
and Iowa from AWEA, “Annual report: Wind power bringing 
innovation, manufacturing back to American industry,” press 
release (New York: 12 April 2012).

51	 Bloomberg New Energy Finance (BNEF), “Wind turbines prices 
fall to their lowest in recent years,” press release (London and 
New York: 7 February 2011).
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52	 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, Institute for Energy and Transport, JRC, European Union 
(Petten, The Netherlands: 2011); Ryan Wiser et al., “Recent devel-
opments in the levelized cost of energy from U. S. wind power 
projects” (Golden, CO: National Renewable Energy Laboratory, 
February 2012).

53	 BNEF, op. cit. note 51.
54	 Navigant’s BTM Consult ApS, op. cit. note 1. Other manufacturers 

retained their 2010 rankings. Figure 19 based on idem.
55	 “China world’s wind power leader: new figures,” China Daily, 23 

March 2012, at http://www.chinadaily.com.cn/china/2012-
03/23/content_14899003.htm. The industry had a challeng-
ing year due to slower project construction and a number of 
accidents.

56	 AWEA, “Annual industry report preview…,” op. cit. note 12.  More 
than 470 manufacturing facilities produced components for the 
wind industry in 44 states. Note that another AWEA document 
reports 42 states, per AWEA, op. cit. note 41, p. 14.

57	 AWEA, “With distribution deal, Gamesa eyes distributed, com-
munity wind space,” Wind Energy Weekly, 23 March 2012.

58	 GWEC, op. cit. note 1.
59	 Navigant’s BTM Consult ApS, op. cit. note 1; offshore Europe 

based on EWEA, op. cit. note 35; Navigant’s BTM Consult ApS puts 
average at 3.7 MW.

60	 U.K., China, and India from Navigant’s BTM Consult ApS, op. cit. 
note 1; Germany and United States from GWEC, op. cit. note 1. 
The average rated capacity of new turbines in China was 1.5 MW, 
up 5.4% compared to 2010, per WWEA, “2011 China wind power 
development status,” Quarterly Bulletin, March 2012.

61	 JRC Scientific and Technical Reports, op. cit. note 52; Sawyer, op. 
cit. note 8. 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, Secretary General, GWEC, technology contribution 
to REN21, March 2012; Enercon from “E-126 / 7.5 MW,” http://
www.enercon.de/en-en/66.htm; Stefan Gsänger, Secretary 
General, WWEA, personal communication with REN21, May 2012.

62	 EWEA, op. cit. note 37; EWEA, op. cit. note 35. Interest in floating 
platforms particularly in deep waters off of Japan, Norway, and 
Portugal.

63	 EWEA, op. cit. note 37. Despite the growing number of manufac-
turers, Siemens supplied an estimated 80% of offshore turbine 
capacity installed during 2011, SSE and RWE Innogy were the 
most active developers, and DONG Energy was the most active 
equity player. “European offshore wind sector holds steady,” 
Renewable Energy World, January-February 2012, p. 10.

64	 EWEA, op. cit. note 37.
65	 David Appleyard, “HVDC stealing a march,” Renewable Energy 

World, September-October 2011, pp. 10–12. ABB has emerged 
as a major player in this area in Europe, as has Siemens, which is 
stepping up its role in China.

66	 WWEA, op. cit. note 43.

 
 
 
 

INVESTMENT FLOWS  

1	  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 Bloomberg 
New Energy Finance (BNEF) estimate includes only the actual 
devices or panels; it is not installed costs. The estimate is also 
based on newly installed global capacity for the year 2010; this 
Renewables Global Status Report estimates that the market for 
solar thermal heat systems increased by at least 20% in 2011, per 
2011 estimates in Werner Weiss and Franz Mauthner, Solar Heat 
Worldwide: Markets and Contributions to Energy Supply 2010 
(Gleisdorf, Austria: IEA Solar Heating and Cooling Programme, 
2012).

2	  The BNEF estimate for investment in large hydropower (>50 
MW) is based on 15 GW of capacity commissioned during 2011 
and a capital cost per megawatt of USD 1.7 million, bringing 
the total investment in large hydropower to USD 25.5 billion. 
Estimates are approximate only, due greatly to the fact that timing 
of the investment decision on a project may be about four years 
on average away from the moment of commissioning. As a result, 
a large share of the investment total for the projects that were 
commissioned in 2011 was actually invested in prior years; in 
addition, there was investment during 2011 for projects that are 
currently under construction and are not included in the BNEF 
estimates. Note also that this Renewables Global Status Report 
estimates that closer to 25 GW of hydropower capacity was 
commissioned worldwide during 2011, and a significant portion 
of this was projects larger than 50 MW; further, since the vast 
majority of this capacity came online in developing countries 
(with more than 12 GW in China alone), the BNEF assumed capital 
cost per megawatt may be on the high side.

3	  The U.S. federal loan guarantee programme, which ceased at 
the end of September 2011, covered USD 16.1 billion of debt for 
projects. The U.S. Treasury grant programme came to an end on 
31 December; the programme was introduced in 2009 to provide 
an alternative to the tax-equity market, which was hard hit by 
the financial crisis. The Production Tax Credit, the main support 
scheme for U.S. wind power, is due to expire at the end of 2012, 
and few investors are confident that Congress will agree to extend 
the legislation into 2013 and beyond.

4	  Figures were aggregated by BNEF. For corporate R&D, data are 
from BNEF database and the Bloomberg Terminal; for govern-
ment R&D, data are from BNEF database and the International 
Energy Agency database.
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04
POLICY LANDSCAPE  

1	 This section is intended only to be indicative of the overall land-
scape of policy activity and is not a definitive reference. Policies 
listed are generally those that have been enacted by legislative 
bodies. Some of the policies listed may not yet be implemented, 
or are awaiting detailed implementing regulations. It is obviously 
difficult to capture every policy, so some policies may be uninten-
tionally omitted or incorrectly listed. Some policies may also be 
discontinued or very recently enacted. This report does not cover 
policies and activities related to technology transfer, capacity 
building, carbon finance, and Clean Development Mechanism 
projects, nor does it highlight broader framework and strategic 
policies—all of which are still important to renewable energy 
progress. For the most part, this report also does not cover poli-
cies that are still under discussion or formulation, except to high-
light overall trends. Information on policies comes from a wide 
variety of sources, including the International Energy Agency 
(IEA) and International Renewable Energy Agency (IRENA) Global 
Renewable Energy Policies and Measures Database, the U.S. 
Database of State Incentives for Renewables & Efficiency (DSIRE), 
RenewableEnergyWorld.com, press reports, submissions from 
country-specific contributors to this report, and a wide range of 
unpublished data. Much of the information presented here and 
further details on specific countries appear on the “Renewables 
Interactive Map” at www.ren21.net. It is unrealistic to be able to 
provide detailed references to all sources here.

2	 United Nations, Working Towards a Balanced and Inclusive Green 
Economy: A United Nations Systems-Wide Perspective, United 
Nations Environment Management Group, December 2011, at 
www.unemg.org. A recent study by the United Nations Food and 
Agriculture Organization showed that: food prices are correlated 
with fossil fuel prices; the food supply chain is heavily dependent 
on fossil fuels (32% of global end-use energy) and accounted 
for 22% of greenhouse gas emissions; and 70% more food will 
be needed by 2050. Linking more renewable energy resources 
with agriculture, land use, and biomass from food processing 
could prove beneficial whether for subsistence farmers or 
corporate farms and supermarket chains. See FAO, Energy-smart 
Food for People and Climate (Rome: 2011), at http://www.
fao.org/docrep/014/i2454e/i2454e00.pdf. Co-benefits also 
from “Chapter 11: Policy, Financing and Implementation,” in 
Intergovernmental Panel on Climate Change (IPCC), IPCC Special 
Report on Renewable Energy and Climate Change Mitigation, 
Prepared by Working Group III of the IPCC (Cambridge, U.K.:  
Cambridge University Press, 2011), at http://srren.ipcc-wg3.de/
report/IPCC_SRREN_Ch11.pdf.

3	 This is one of three goals for the 2012 International 
Year of Sustainable Energy for All; see “Ban Ki-moon to 
Launch UN’s International Year of Sustainable Energy for 
All at World Future Energy Summit 2012 in Abu Dhabi,” 
EQ International,  http://www.eqmaglive.com/index.
php?option=com_content&view=article&id=5637:ban-ki-
moon-to-launch-uns-international-year-of-sustainable-energy-
for-all-at-world-future-energy-summit-2012-in-abu-dhabi-
&catid=98:other-renewables&Itemid=153, viewed 24 April 
2012. 

4	 Maria van der Hoeven, “Subsidy cuts show that renewable 
energy is coming of age,” (Paris: IEA/Organisation for Economic 
Co-operation and Development, 12 March 2012), at http://www.
iea.org/journalists/articles/mvdh_renewable_subsidies.pdf.

5	 The IPCC Special Report on Renewable Energy, released in May 
2011, gives details of policy impacts and lessons learned in 
Chapter 11, “Policy, Financing and Implementation.” See IPCC, 
op. cit. note 2. In addition, detailed analysis is given in IEA, 
Deploying Renewables: Best and Future Policy Practice (Paris: 
2011), at http://www.iea.org/publications/free_new_Desc.
asp?PUBS_ID=2444.

6	 For examples of specific policies, see IEA, op. cit. note 5.
7	 Policy statistics in this section are the result of considerable and 

careful analysis based on many sources of published and unpub-
lished information, in an attempt to ensure that the statistics 
and comparative data are as accurate as possible. However, the 
evaluation of renewable energy policies is a complex process. 

Accounting methods used to assess primary and final consumer 
energy vary but are poorly understood and often confused or 
ignored in the literature. Definitions of specific renewable energy 
policies differ widely, this can be exacerbated by the varying inter-
pretations used when presenting information in the databases 
and literature upon which this section is based.

8	 Kari Williamson, “Slowdown in Spanish Wind,” 
RenewableEnergyFocus.com, 10 February 2012, at http://
www.renewableenergyfocus.com/view/23813/
slowdown-in-spanish-wind/.

9	 Based on REN21, Renewables 2011 Global Status Report (Paris: 
2011), at http://www.ren21.net/Portals/97/documents/GSR/
REN21_GSR2011.pdf.

10	 “Indian MNRE announces goal of 3.5 GW of new renewables 
in 2011-2012,” SolarServer.com, 31 August 2011, at http://
www.solarserver.com/solar-magazine/solar-news/cur-
rent/2011/kw35/indian-mnre-announces-goal-of-35-gw-
of-new-renewables-in-2011-2012.html; Lebanon from 
CEDRO-UNDP, “Future Scenarios for Bioenergy in Lebanon,” 
9 March 2012, at http://www.cedro-undp.org/content/
news/chapter3-20120309-151450.pdf, and from United 
Nations Development Programme, “The country programme 
of Lebanon under the Global Solar Water Heating Market 
Transformation and Strengthening Initiative,” 14 February 2012, 
at http://www.undp.org.lb/ProjectFactsheet/projectDetail.
cfm?projectId=147; “Scottish 2020 Roadmap for 100% 
Renewable Electricity,” RenewableEnergyFocus.com, 1 July 2012, 
at  http://www.renewableenergyfocus.com/view/19072/
scottish-2020-routemap-for-100-renewable-electricity/; 
”South Africa Launches Renewable Energy Programme,” 
RenewableEnergyFocus.com, 3 August 2012, at http://www.
renewableenergyfocus.com/view/19793/south-africa-
launches-renewable-energy-programme/. South Africa’s goal 
is to reach 9% of total capacity excluding large hydro, or 14% 
including large hydro, from renewable energy sources. 

11	 Wind target for 2015 includes 5 GW offshore and for 2020 
includes 30 GW offshore, per Jim Bai and Chen Aizhu, “China 
revises up renewable energy goals: report,” Reuters, 29 August 
2011, at http://www.reuters.com/article/2011/08/30/
us-china-energy-renewable-idUSTRE77T0CM20110830; 
hydro target from “Renewable Energy Riding High,” China 
Daily, 25 February 2012, at http://www.chinadaily.com.
cn/business/2012-02/25/content_14691807_2.htm. 
Note that another source reported a solar target of 15 GW 
by 2015, per Zhou Xin and Chen Aizhu, “China plans 100 
GW wind power capacity by 2015,” Reuters, 15 December 
2011, at http://uk.reuters.com/article/2011/12/15/
china-renewables-idUKL3E7NF0T120111215.

12	 Kari Williamson, “Half of Danish power consumption provided by 
wind in 2020,” RenewableEnergyFocus.com, 31 October 2011, at 
http://www.renewableenergyfocus.com/view/21702/half-
of-danish-power-consumption-provided-by-wind-in-2020/; 
Stephen Lacey, “Denmark confirms commitment to 100% 
renewable energy by 2050,” RenewableEnergyWorld.com, 29 
March 2012, at http://www.renewableenergyworld.com/rea/
news/article/2012/03/a-true-all-of-the-above-energy-policy-
denmark-affirms-commitment-to-100-renewable-energy-by-
2050?cmpid=BioNL-Tuesday-April3-2012.

13	 Paul Gipe, “Germany passes new renewable energy law for 2012,” 
22 July 2011, at http://www.wind-works.org/FeedLaws/
Germany/GermanyPassesNewRenewableEnergyLawfor2012.
html; German Federal Ministry for the Environment, Nature 
Conservation and Nuclear Safety (BMU), “Gesetz für den Vorrang 
Erneuerbarer Energien,” http://www.bmu.de/files/pdfs/allge-
mein/application/pdf/eeg_2012_bf.pdf [in German], viewed 4 
May 2012.

14	 F. Geist and I. Havas, “Renewable Energy Recap: Hungary,” 
RenewableEnergyWorld.com, 26 December 2011, at http://www.
renewableenergyworld.com/rea/news/article/2011/12/
renewable-energy-recap-hungary??cmpid=WNL-Wednesday-
December28-2011. Note that under the 2009 Renewables 
Directive, all 27 EU-member states have interim targets to reach 
their gross final-energy targets for 2020 with national targets 
for electricity, heating/cooling, and transport fuels. The directive 
sets up an “indicative trajectory” for all 27 member states as an 
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average of two years (i.e., for 2011/12, 2013/14, etc.); California 
from Carla Peterman, “Renewables Portfolio Standards (RPS) 
Proceeding Docket # 11-RPS-01 and 03-RPS-1078,” http://www.
energy.ca.gov/portfolio/index.html, viewed 13 February 2012.  

15	 V.D. Schul and J. Lopez-Pint, “Renewable Energy Recap: Spain,” 
RenewableEnergyWorld.com, 30 December 2011, http://www.
renewableenergyworld.com/rea/news/article/2011/12/
renewable-energy-recap-spain??cmpid=SolarNL-Tuesday-
January3-2012.

16	 ECOFYS and WWF, “EU Climate Policy Tracker Netherlands,” 
2011, at  http://www.climatepolicytracker.eu/sites/all/files/
Netherands2011.pdf. 

17	 EU Neighborhood Info Centre, “The Mediterranean Solar Plan: 
Working together to meet the energy challenge,” http://www.
enpi-info.eu/files/interview/Mediterranean%20Solar%20
Plan.pdf, viewed 3 May 2012. Figure 21 from XXXX.

18	 Table 3 based on numerous sources cited throughout this section; 
see also Endnote 1. 

19	 Netherlands from IEA-IRENA, “Netherlands,” Global Renewable 
Energy Policies and Measures Database, http://www.iea.org/
textbase/pm/?mode=re&id=4659&action=detail, viewed 
4 February 2012, and from Government of the Netherlands, 
Renewable Energy in the Netherlands, 25 March 2011, at 
http://www.government.nl/issues/energy/documents-and-
publications/leaflets/2011/03/25/renewable-energy-in-
the-netherlands.html; Syria from Maged K. Mahmoud, Regional 
Centre for Renewable Energy and Energy Efficiency (RCREEE), 
Cairo, personal communication with REN21, 7 December 2011; 
Palestinian Territories from Hatem Elsayed Hany Elrefaai, 
RCREEE, Cairo, personal communication with REN21, 24 
April 2012; Paul Gipe, “Rwanda sets Feed in Tariff for Hydro,” 
RenewableEnergyWorld.com, 2 April 2012, at http://www.
renewableenergyworld.com/rea/news/article/2012/04/
rwanda-sets-feed-in-tariffs-for-hydro.

20	 For Nova Scotia, projects must be at least 51% community 
group-owned, with 25% of financing from sources within the 
province, per Adrienne Baker, “Moving Ahead: Nova Scotia’s 
Feed-in Tariff Update,” RenewableEnergyWorld.com, 29 July 
2011, at http://www.renewableenergyworld.com/rea/
news/article/2011/07/moving-ahead-nova-scotias-feed-
in-tariff-update?cmpid=SolarNL-Tuesday-August2-2011. 
The Rhode Island FIT supports systems over a 15-year term, 
up to a total of 40 MW of systems less than 5 MW in size, per M. 
Zuercher-Martinson, “Smart PV Inverter Benefits for Utilities,” 
RenewableEnergyWorld.com, 21 January 2012, at http://www.
renewableenergyworld.com/rea/news/article/2012/01/
smart-pv-inverter-benefits-for-utilities?cmpid=SolarNL-
Tuesday-January31-2012. 

21	 IEA-IRENA, “Uganda,” Global Renewable Energy Policies and 
Measures Database, http://www.iea.org/textbase/pm/?mode=
re&id=4777&action=detail, viewed 5 February 2012.

22	 Paul Gipe, “Japan Feed-in Tariff Policy Becomes Law - World’s 
Third Largest Economy Adopts FITs,”

27 August 2011, at http://www.wind-works.org/FeedLaws/Japan/
JapanFeed-inTariffPolicyBecomesLaw.html. 

23	 Sidebar 6 based on the following sources: Tetsunari Iida, Institute 
for Sustainable Energy Policies, Tokyo, personal communication 
with REN21, April 2012; “China nuclear targets to be cut in wake 
of Fukushima disaster,” China Daily, 22 October 2011; “China may 
double solar power goal and made Japan nuclear crisis,” Xinhua, 
30 March 2011; World Energy Council, World energy perspective: 
nuclear energy one year after Fukushima (London: 2012); DEXIA 
Asset Management SRI, Fukushima Accident: An Inflection Point 
for Nuclear Power, Research Paper, 12 April 2011; Mandy Zuo, 
“Beijing standing by nuclear plan, negotiator says,” South China 
Morning Post, 31 March 2011; various news reports. China from 
C. Tordesillas, “China doubles surcharge for renewable energy,” 
Asian Power, 14 December 2011, at http://asian-power.com/
regulation/in-focus/china-doubles-surcharge-renewable-
energy, and from IEA-IRENA, “China,” Global Renewable Energy 
Policies and Measures Database, http://www.iea.org/textbase/
pm/?mode=re&id=4868&action=detail, viewed January 2012; 
Indonesia from IEA-IRENA, “Indonesia,” Global Renewable 
Energy Policies and Measures Database, http://www.iea.org/
textbase/pm/?mode=re&id=4788&action=detail, viewed 3 

February 2012. In March 2011, Regulation Number 20/2011 
of the Indonesian Energy and Mineral Resources Ministry 
regulated the power purchase tariff of electricity from geother-
mal sources. The regulation assigns the state-owned utility PT 
Perusahaan Listrik Negara to purchase electricity generated from 
geothermal plants inside Working Area of Geothermal Mining 
at a maximum price of USD 0.97/kWh; IEA-IRENA, “Malaysia,” 
Global Renewable Energy Policies and Measures Database, 
http://www.iea.org/textbase/pm/?mode=re&id=4783&a
ction=detail, viewed 4 February 2012; Paul Gipe, “Pakistan 
Regulator Seeks Approval of Feed-in Tariffs for Wind Two-tier 
Tariff System Proposed--First in Developing World,” 11 October 
2011, at http://www.wind-works.org/FeedLaws/Pakistan/
PakistanRegulatorSeeksApprovalofFeedinTariffsforWind.html.

24	 Bulgaria from IEA-IRENA, “Bulgaria,” Global Renewable Energy 
Policies and Measures Database,” http://www.iea.org/textbase/
pm/?mode=re&id=4872&action=detail, viewed 3 February 
2012, and from “Bulgaria Feed-in Tariffs for Electricity from 
Renewable Sources from June 2011,” RenewableEnergyWorld.
com, 2 November 2011, at http://www.renewableenergyworld.
com/rea/partner/via-expo/news/article/2011/11/bulgaria-
feed-in-tariffs-for-electricity-from-renewable-sources-
from-june-2011?cmpid=WNL-Thursday-November3-2011; 
Portugal is also using energy audits to determine whether 
energy efficiency measures should be adopted in place of 
renewable energy support, per IEA-IRENA, “Portugal,” Global 
Renewable Energy Policies and Measures Database, http://
www.iea.org/textbase/pm/?mode=re&id=4849&action=det
ail, viewed 4 February 2012; Romania from Cornelia Bumbacea 
and Andreea Stanciu, “Renewable Energy Recap: Romania,” 
RenewableEnergyWorld.com, 27 December 2011, at http://www.
renewableenergyworld.com/rea/news/article/2011/12/
renewable-energy-recap-romania.

25	 Solar Australia, “SA and ACT revise solar feed-in tariffs,” 8 July 
2011, at http://solarmagazine.com.au/news/sa_and_act_
revise_solar_feed-in_tariffs/061922/#; Hawaii policy includes 
projects sized 0.5–5 MW; however, the timeframe for imple-
mentation of revisions remains uncertain, per D. Shimogawa, 
“PUC approves Tier 3 FIT program,” Pacific Business News, 22 
December 2011, at http://www.bizjournals.com/pacific/
news/2011/11/22/puc-approves-tier-3-feed-in-tariff.html.

26	 Paul Gipe, “Germany Passes New Renewable Energy Law for 
2012—Ups Renewable Energy Target: Between 35% and 40% by 
2020,” 22 July 2011, at http://www.wind-works.org/FeedLaws/
Germany/GermanyPassesNewRenewableEnergyLawfor2012.
html; U.K. from Lcolquhoun, “UK Boost for Bluegen,” Energy 
Business News, 14 February 2012, at http://www.energy-
businessnews.com.au/2012/02/14/uk-boost-for-bluegen/; 
Misha Savic, “Serbia to increase feed-In tariffs for renewables,” 
Bloomberg.com, 6 December 2011, at http://www.bloomberg.
com/news/2011-12-06/serbia-to-increase-feed-in-tariffs-
for-renewables-beta-reports.html; IEA-IRENA, “Turkey,” Global 
Renewable Energy Policies and Measures Database, http://www.
iea.org/textbase/pm/?mode=re&id=4756&action=detail, 
viewed 4 February 2012.

27	 IEA-IRENA, “France,” Global Renewable Energy Policies and 
Measures Database, http://www.iea.org/textbase/pm/?mod
e=re&id=4486&action=detail, viewed 20 March 2012; Nilima 
Choudhury, “French government says ‘non’ to the solar industry,” 
PV-tech.org, 22 November 2011, at http://www.pv-tech.org/
news/french_government_says_non_to_the_solar_industry.

28	 “French solar funding in free-fall: Following a PV moratorium 
and market cap, new, drastically slashed incentives take effect,” 
SolarServer.com, 10 March 2011, at http://www.solarserver.
com/solar-magazine/solar-news/current/2011/kw10/
french-solar-funding-in-free-fall-following-a-pv-moratorium-
and-market-cap-new-drastically-slashed-incentives-take-ef-
fect.html, viewed 26 April 2012.

29	 Kari Williamson, “Germany Reduces Solar PV Feed-in Tariff 
by 15%,” RenewableEnergyFocus.com, 2 November 2011, at 
http://www.renewableenergyfocus.com/view/21757/
germany-reduces-solar-pv-feedin-tariff-by-15/. 

30	 Paul Gipe, “New Italian PV Tariffs Complex and Robust—
Effectively No Cap on Rooftop Systems,” RenewableEnergyWorld.
com, 14 July 2011, at http://www.renewableenergyworld.com/



156

04
rea/news/article/2011/07/new-italian-tariffs-complex-and-
robust-2000-mw-may-be-installed-in-2011?cmpid=WNL-
Friday-July15-2011.

31	 There are smaller reductions every six months for 
rooftop systems up to 10 kW, per Nilima Choudhury, 
“Greece announces new feed-in tariffs for PV,” PV-tech.
org, 2 February 2012, at http://www.pv-tech.org/news/
greece_announces_new_feed_in_tariffs_for_pv.

32	 IEA-IRENA, “Slovak Republic,” Global Renewable Energy Policies 
and Measures Database, http://www.iea.org/textbase/pm/?mo
de=re&id=4674&action=detail, viewed 12 February 2012.

33	 Nimila Choudhury, “Swiss Feed-in tariffs cut by further 10%,” 
PV-tech.org, 2 February 2012, at http://www.pv-tech.org/news/
swiss_feed_in_tariffs_cut_by_further_10.

34	 Dave Keating, “Portugal’s austerity plans ‘break energy com-
mitments,’” EuropeanVoice.com, 21 February 2012, at http://
www.europeanvoice.com/article/2012/february/portugal-
s-austerity-plans-break-energy-commitments-/73643.
aspx; Kari Williamson, “Spain Halts All New Feed-in Tariff 
Applications,” RenewableEnergyFocus.com, 2 February 2012, 
at http://www.renewableenergyfocus.com/view/23629/
spain-halts-all-new-feedin-tariff-applications/.

35	 Sidebar 7 from the following sources: FIT design from B. Chabot, 
“The art of renewables tariffs systems (ARTs) design: some 
lessons from past and on-going experiences,” World Bank/
International Finance Corporation workshop “How to Choose 
Appropriate incentives to Deploy Renewable Energy and to 
Increase Energy Efficiency,” Washington, DC, 30 January–1 
February 2012; Deutsche Bank, Paying for Renewable Energy: 
TLC at the Right Price (Frankfurt: December 2009), p. 29. 
Figure 22 based on data in Paul Gipe, “Tables of Renewable Tariffs 
or Feed-in Tariffs Worldwide,” 7 June 2012, at http://www.
wind-works.org/FeedLaws/TableofRenewableTariffsorFeed-
InTariffsWorldwide.html. The spreadsheet contains selected 
countries with feed-in-tariffs extending over a minimum period 
of 15 years.

36	 Energy Market Price, Newsletter, 21 December 2010, at http://
www.energymarketprice.com/TrialReports/EN/Newsletter_
DEC_21_2010.pdf; Gipe, op. cit. note 13.

37	 Nilima Choudhury, “China cuts solar subsidies by up to 22% 
for PV projects,” PV-tech.org, 2 February 2012, at http://www.
pv-tech.org/news/china_cuts_solar_subsidies_by_22.3_for_
pv_projects; Itay Zetelney, “Renewable Energy Recap: Israel,” 
RenewableEnergyWorld.com, 2 January 2012, at http://www.
renewableenergyworld.com/rea/news/article/2012/01/
renewable-energy-recap-israel; MIEM DNE, “Uruguay; Power 
Generation based in Biomass,” 30 November 2011, at http://
www.miem.gub.uy/gxpsites/hgxpp001?5,6,295,O,S,0,MNU;E;4
9;2;MNU, viewed 12 February 2012.

38	 Solar Oregon, “Feed in Tariff,” http://solaroregon.org/
residential-solar/steps-to-solar/solar-electric/feed-in-tariff, 
viewed 4 February 2012; Adrienne Baker, “Moving Ahead: Nova 
Scotia’s Feed-in-Tariff Update,” RenewableEnergyWorld.com, 2 
August 2011, at http://www.renewableenergyworld.com/
rea/news/article/2011/07/moving-ahead-nova-scotias-
feed-in-tariff-update?cmpid=SolarNL-Tuesday-August2-2011; 
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marymaps/index.cfm?ee=1&RE=1, updated December 2011.
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www.bloomberg.com/news/2011-08-24/market-setting-
low-rates-for-wind-power-in-peru-through-auction.html, and 
from Lucas Monsalve, “Perú apuesta por las renovables. ¿Pero 
qué modelo necesita?” 2 March 2012, at http://electricidad-
sostenible.blogspot.com/2012/03/peru-apuesta-por-las-
renovables-pero.html; Programa de Energía Eólica en Uruguay, 
“Call for 150 MW—2011,” at http://www.energiaeolica.gub.uy/
index.php?page=Convocatoria-2011-complementaria, viewed 
14 February 2012. A bonus payment is assigned for any electricity 
generated prior to 2015, per MIEM DNE http://www.miem.
gub.uy/gxpsites/hgxpp001?5,6,295,O,S,0,MNU;E;49;2;MNU, 
viewed 14 February 2012.

46	 Susan Kraemer, “Egypt now contracting a whopping 1,000 MW 
wind farm,” Green Prophet.com, 23 January 2012, at http://www.
greenprophet.com/2012/01/egypt-now-contracting-a-whop-
ping-1000-mw-wind-farm/; John Blau, ”Wind in Egypt Presses 
on,” RenewableEnergyWorld.com, 29 April 2011, at http://www.
renewableenergyworld.com/rea/news/article/2011/04/
wind-in-egypt-presses-on?cmpid=WindNL-Thursday-
May5-2011.

47	 City Energy Support Unit of Sustainable Energy Africa, State of 
Energy in South African Cities, 2011, at http://www.cityenergy.
org.za/files/resources/energy%20data/State_of_energy_2011.
pdf, viewed 21 April 2012.

48	 Yelland, op. cit. note 39; Heidi Hafes, letter to Renewable Energy 
Focus subscribers, http://mail.elsevier-alerts.com/go.asp?/
bEEA001/m99P9H3F/uZRYI5/xUII2H3Fn, viewed 4 February 
2012; CSP FIT: A Guide to Supporting Policies, 2011, at http://
www.csptoday.com/csp/pdf/CSPFITGUIDE.pdf.

49	 France from IEA-IRENA, “Renewable Energy Feed-in Tariff: Solar 
PV,” Global Renewable Energy Policies and Measures Database, 
http://www.iea.org/textbase/pm/?mode=re&id=4486&ac
tion=detail, viewed 24 April 2012; Italy from IEA-IRENA, “RES 
Promotion- Decree Implementing Directive 2009/28/EC,” Global 
Renewable Energy Policies and Measures Database, http://www.
iea.org/textbase/pm/?mode=re&id=4848&action=detail, 
viewed 24 April 2012.

50	 Bridge to India, ”Gujarat to offer new solar power projects soon,” 
April 2012, at http://us4.campaign-archive2.com/?u=2f83862
6a8895ed6282c66f75&id=13a69b15a5&e=2d4c48406f.

51	 See DSIRE USA, “Net metering polices,” http://www.dsireusa.
org/summarymaps/index.cfm?ee=1&RE=1, viewed 13 
February 2012.

52	 The Dominican Republic’s net metering ruling decree was 
approved by the Energy National Commission (CNE) on 30 
November 2011, per CNE AD 0023 2011, http://cne.gov.do/
app/do/download.aspx?id=2475, viewed 12 March 2012. 
An approved regulation indicated that Peru’s scheme would 
start in January 2012, per “Comienza consulta pública sobre 
generación distribuida - Perú,” Business News Americas, 5 July 
2011, at http://www.bnamericas.com/news/energiaelectrica/
comienza-consulta-publica-sobre-generacion-distribuida [in 
Spanish]. IEA-IRENA, “Spain,” Global Renewable Energy Policies 
and Measures Database, http://www.iea.org/textbase/pm/?mo

ENDNOTES  04  POL ICY  LANDSCAPE



157

RE
NE

WABL


E
S 

20
12

 G
LO

BAL
 

ST
AT

US
 R

EP
OR

T

4104

de=re&id=4938&action=detail, viewed 21 March 2012.
53	 The California local schools effort is the Solar Initiative Rebate 

Programme with USD 200 million in funding. Participants 
will receive upfront, performance-based incentives in return 
for the portion of the renewable power generation that 
meets the on-site electricity demand, per Kari Williamson, 
“California improves renewable energy incentive programme,” 
RenewableEnergyFocus.com, 15 September 2011, at http://
www.renewableenergyfocus.com/view/20764/california-
improves-renewable-energy-incentive-programme/. See also 
“California adopts laws to boost solar power,” BrighterEnergy.org, 
26 September 2011, at http://www.brighterenergy.org/26725/
news/solar/california-adopts-laws-to-boost-solar-power/; 
Vermont from Chris Stimpson, “PACE: Not Dead, Just Sleeping,” 
RenewableEnergyWorld.com, 17 August 2011, at http://www.
renewableenergyworld.com/rea/news/article/2011/08/
pace-not-dead-just-sleeping??cmpid=WNL-Wednesday-
August17-2011; Government of Ontario, Canada, “Treatment of 
Renewable Energy Installations” 4 January 2012, at http://news.
ontario.ca/mof/en/2012/01/fact-sheet.html.

54	 Fund of USD 10.8 billion from Mark Bendeich, 
“Australia carbon plan to boost retail and renewables, 
dent airlines and miners,” Reuters, 10 July 2011, at 
http://www.reuters.com/article/2011/07/10/
markets-australia-carbon-idUSL3E7IA04Z20110710.

55	 Victor Kovalenko, “Renewable Energy Recap: Ukraine,” 
RenewableEnergyWorld.com, 29 December 2011, at http://www.
renewableenergyworld.com/rea/news/article/2011/12/
renewablcome-energy-recap-ukraine.

56	 IEA-IRENA, “Rajasthan Solar Policy,” Global Renewable Energy 
Policies and Measures Database, http://www.iea.org/textbase/
pm/?mode=re&id=4795&action=detail, viewed 5 February 
2012.

57	 Liu Yiyu, “China to halt wind turbine subsidies,” China 
Daily, 6 August 2011, At http://www.chinadaily.com.cn/
bizchina/2011-06/08/content_12655620.htm; N.O. Pearson, 
“India to end wind farm tax break next fiscal,” Business 
Week, 17 January 2012, at http://www.businessweek.com/
news/2012-01-17/india-to-end-wind-farm-tax-break-
next-fiscal-official-says.html; DSIRE USA, “U.S. Department of 
Treasury – Renewable Energy Grants,” http://www.dsireusa.
org/incentives/incentive.cfm?Incentive_Code=US53F, viewed 
13 February 2012. The U.S. programme funded solar PV projects 
with more than USD 1.4 billion over two years and was con-
sidered a major driver of the country’s PV market growth, per 
Kari Williamson, “Expiry of US Treasury Grant Challenges Solar 
PV Market,” RenewableEnergyFocus.com, 14 February 2012, 
at http://www.renewableenergyfocus.com/view/23893/
expiry-of-us-treasury-grant-challenges-solar-pv-market/.

58	 Forest Business Network, “Co-firing of biomass will be manda-
tory for Dutch power plants,” 16 June 2011, at http://www.
forestbusinessnetwork.com/4123/co-firing-of-biomass-will-
be-mandatory-for-dutch-powerplants/.

59	 “Spain reduces FiT for wind and solar power,” EnergyBoom.
com, 5 July 2010, at http://www.energyboom.com/policy/
spain-reduces-feed-tariffs-wind-and-solar-power; “Weekly 
Intelligence Brief,” CSP Today, 23–30 January 2012; Government 
of Spain, Ministry of Industry, Energy and Tourism, http://www.
minetur.gob.es/en-US/Paginas/index.aspx. 

60	 Keith Weir, “Scotland unveils new offshore wind technology 
fund,” Reuters, 27 September 2011, at http://uk.reuters.
com/article/2011/09/27/uk-britain-energy-scotland-
idUKTRE78Q1TO20110927. The EU pledged an additional USD 
1.3 million (€1 million) in 2012 on top of the USD 32 million 
(€24 million) already allocated to wind energy research under 
additional programmes, per Kari Williamson, “Dedicated Line 
for Wind energy in EU Budget,” RenewableEnergyFocus.com, 
1 November 2011, at http://www.renewableenergyfocus.
com/view/21725/dedicated-line-for-wind-energy-in-eu-
budget/. The U.S. programme aims to encourage technology 
advancements, reduce costs, assess resources, and address 
grid integration issues, per Kari Williamson, “DoE Awards 
US$145m for Solar Technologies,” RenewableEnergyFocus.com, 6 
September 2011, at http://www.renewableenergyfocus.com/
view/20543/doe-awards-us145m-for-solar-technologies/; 
see also Kari Williamson, “US Pledges US$43m to Spur Offshore 

Wind,” RenewableEnergyFocus.com, 9 September 2011, at 
www.renewableenergyfocus.com/view/20642/us-pledges-
us43m-to-spur-offshore-wind/, and Michael Harris, “U.S. 
Awards Rural Energy Funds to Hydro Projects in 4 States,” 
RenewableEnergyWorld.com, 17 November 2011, at http://www.
renewableenergyworld.com/rea/news/article/2011/11/u-
s-awards-rural-energy-funds-to-hydro-projects-in-four-
states?cmpid=WNL-Friday-November18-2011. In addition, 
the U.S. Defense Department announced loans for solar PV 
installation on military bases, per Timothy Gardner, “Department 
of Energy Offers Aid for Solar on Military Bases,” Reuters, 9 
September 2011, at http://planetark.org/wen/63213.

61	 IEA, Renewables for Heating and Cooling – Untapped Potential 
(Paris: 2007), at http://iea.org/publications/free_new_Desc.
asp?PUBS_ID=1975.

62	 Ibid.
63	 Data on existing renewable heating and cooling policies are dif-

ficult to obtain, even though the sector supplies more renewable 
energy than non-hydro renewable electricity or total biofuels. 

64	 IEA Solar Heating and Cooling Programme, Solar Heat Worldwide 
(Gleisdorf, Austria: 2011), at http://www.iea-shc.org/publica-
tions/downloads/Solar_Heat_Worldwide-2011.pdf; Werner 
Weiss and Franz Mauthner, Solar Heat Worldwide: Markets and 
contribution to the energy supply 2010, edition 2012 (Gleisdorf, 
Austria: Institute for Sustainable Technologies and  IEA Solar 
Heating & Cooling Programme, April 2012).

65	 IPCC, op. cit. note 2.
66	 The RHI policy was first reported in REN21, 2011 Renewables 

Global Status Report (Paris: 2011), p. 60, but since then new 
developments have occurred so more details are provided 
here. The policy covers biomass, municipal solid waste (MSW), 
biomethane, ground- and water-source heat pumps, geothermal, 
and solar thermal systems. To bridge the cost gap, a long-term 
FIT scheme was initiated for non-domestic, commercial heat 
installations. The residential RHI has been delayed till summer 
2013. Payments are guaranteed over 20 years. See IEA-IRENA, 
“Renewable Heat Incentive, UK,” Global Renewable Energy 
Policies and Measures Database,  http://www.iea.org/textbase/
pm/?mode=re&id=4761&action=detail, viewed 4 February 
2012, and U.K. Department of Energy & Climate Change, 
“Renewable Heat Incentive (RHI) Scheme,” http://www.decc.gov.
uk/en/content/cms/meeting_energy/renewable_ener/incen-
tive/incentive.aspx, viewed 4 February 2012.

67	 Eva Augsten, “The Netherlands: housing companies install fixed 
price solar systems,” SolarThermalWorld.org, 9 January 2012, at 
http://www.solarthermalworld.org/node/3241; IEA-IRENA, 
“SDE + (STIMULERING DUURZAME ENERGIE),” Global Renewable 
Energy Policies and Measures Database, http://www.iea.org/
textbase/pm/?mode=re&id=4659&action=detail, viewed 
January 2012; Eva Augsten, “Netherlands: feed-in tariff might 
help cope with Duurzame Warmte stop,” SolarThermalWorld.
org, 16 January 2012, at http://www.solarthermalworld.org/
node/3256.

68	 This is the ICAREN programme, from Spain’s National Renewable 
Energy Action Plan 2011–2020, http://ec.europa.eu/energy/
renewables/transparency_platform/doc/national_renew-
able_energy_action_plan_spain_en.pdf. Since the Plan has not 
yet been implemented, the proposed support for renewable 
heat has not been affected by Spain stopping its electricity FIT 
on January 27, 2012. See “Renewable Policy Analysis,” Report 
Buyer, February 2012, at http://www.reportbuyer.com/
energy_utilities/alternative_renewable/renewable_policy_
analysis.html. 

69	 The 50% increase was for owners of apartment buildings and 
nursing homes, per T. Valenza, “California Expands Solar Thermal 
Incentives for Low-income Housing,” RenewableEnergyWorld.
com, 19 April 2012, at http://www.renewableenergyworld.
com/rea/blog/post/2012/04/california-expands-solar-
thermal-incentives-for-low-income-housing?cmpid=SolarNL-
Thursday-April19-2012.

70	 Greece from EurObserv’er, “Solar thermal and concentrated solar 
power barometer,” May 2011; Italy from “Italy, political frame 
condition update,” SolarThermalWorld.org, 27 December 2011, 
at http://www.solarthermalworld.org/node/3227. A tax break 
for domestic consumers was maintained; domestic consumers 



158

04
can continue to deduct up to 55% of investment costs from their 
income tax over 10 years. 

71	 Piotr Pajak, “Poland: Draft of Renewable Energy Sources Law,” 
SolarThermalWorld.org, 23 January 2012, at http://www.
solarthermalworld.org/node/3262.

72	 Filipa Cardoso, “Brazil: New Requirements for solar installations 
on social housing,” SolarThermalWorld.org, 23 December 2011, at 
http://www.solarthermalworld.org/node/3226.

73	 DSIRE USA, “Puerto Rico - Building Energy Code with Mandatory 
Solar Water Heating,”  http://www.dsireusa.org/incentives/
incentive.cfm?Incentive_Code=PR03R&re=1&ee=1, viewed 
22 March 2012; Uruguay from MIEM DNE, www.miem.gub.uy/
gxpsites/hgxpp001?5,6,486,O,S,0,MNU;E;49;4;MNU, viewed 12 
February 2012.

74	 “South Korea: Commercial sector dominates,” SolarThermalWorld.
org, 21 January 2012, http://www.solarthermalworld.org/
node/3258; IEA-IRENA, “Republic of Korea, mandatory use for 
public buildings,” Global Renewable Energy Policies and Measures 
Database, http://www.iea.org/textbase/pm/?mode=re&id=48
56&action=detail, viewed 4 February 2012.

75	 IEA-IRENA, “Rajasthan Solar Policy,” Global Renewable Energy 
Policies and Measures Database, http://www.iea.org/textbase/
pm/?mode=re&id=4795&action=detail, viewed 5 February 
2012.

76	 Germany from EurObserv’er, op. cit. note 70. The Romanian 
programme was postponed in 2010 after the funding budgeted to 
subsidise the installation of renewable energy heating systems in 
residential, government, public, and religious buildings ran out, 
per Stephanie Banse, “Romania: Casa Verde Programme continues 
on 1 June,” SolarThermalWorld.org, 3 July 2011, at http://www.
solarthermalworld.org/node/2953.

77	 Government of Canada, ecoACTION, “EcoENERGY Retrofit—
Homes,” http://www.ecoaction.gc.ca/ecoenergy-ecoenergie/
retrofithomes-renovationmaisons-eng.cfm, viewed 19 
January 2012; Susanna Grimes, “New Rebates for Installing 
Solar Hot Water on Homes, ” EcoENERGY, 14 July 2011, at 
http://www.solarbc.ca/blog/susanna-grimes/2011/07/14/
new-rebates-installing-solar-hot-water-homes.

78	 Clean Energy States Alliance, States Advancing RPS Newsletter, 
June 2011, at  http://www.cleanenergystates.org/assets/2011-
Files/States-Advancing-RPS/SARPS-June-2011.pdf; Tor 
Valenza, “Update on Recent State and Utility Solar Water Heating 
Incentives,” RenewableEnergyWorld.com, 7 July 2011, at http://
www.renewableenergyworld.com/rea/blog/post/2011/07/
update-on-recent-state-and-utility-solar-water-heating-
incentives?cmpid=WNL-Friday-July8-2011; Hawaii’s mandate 
went into effect in January 2010, per DSIRE USA, “Hawaii- Solar 
Water Heating Requirement for New Residential Construction,” 
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_
Code=HI13R&re=1&ee=1, viewed 3 May 2012.

79	 Government of Canada, ecoACTION, “EcoENERGY for Renewable 
Heat,” http://ecoaction.gc.ca/ecoenergy-ecoenergie/heat-
chauffage/index-eng.cfm, viewed 13 February 2012.

80	 Filipa Cardoso, “Portugal: increase in VAT rate in 2012,” 
SolarThermalWorld.org, 23 November 2011, at http://www.
solarthermalworld.org/node/3171; Vladislava Adamenkova, 
“Slovakia: National Incentive Programme Stopped in November 
2011,” SolarThermalWorld.org, 27 January 2012, at http://www.
solarthermalworld.org/node/3274.

81	 DSIRE USA, “Residential Energy Efficiency Tax Credit,” 1 February 
2012, at http://www.dsireusa.org/incentives/incentive.
cfm?Incentive_Code=US43F&re=1&ee=0.

82	 This was an AUD 1,000 programme, per “Renewable 
energy bonus scheme to close,”  Ecogeneration.com, 2 
March 2012, at http://ecogeneration.com.au/news/
renewable_energy_bonus_scheme_to_close/066530/.

83	 “Biofuels Mandates Around the World,” Biofuels Digest,  
21 July 2011, at http://www.biofuelsdigest.com/
bdigest/2011/07/21/biofuels-mandates-around-the-world/.

84	 Ibid.
85	 Ibid.
86	 Ibid.; Platts, “Canada mandates 2% biofuel mandate for 

diesel, heating oil from July 1,” http://www.platts.com/
RSSFeedDetailedNews/RSSFeed/Oil/6236616, viewed 13 

February 2012.
87	 Denmark from Bryan Sims, “EU member states increase 

biofuel blending quotas,” Biodiesel Magazine, 24 August 
2011, at http://biodieselmagazine.com/articles/8007/eu-
member-states-increase-biofuel-blending-quotas; Tristana 
Moore, “A New Biofuel Shakes Germany’s Eco Cred,” Time, 
10 March 2011, at http://www.time.com/time/world/
article/0,8599,2058168,00.html.

88	 “Brazil to drop ethanol content to 18-20 percent, as prices surge,” 
Biofuels Digest, 29 April 2011, at http://www.biofuelsdigest.
com/bdigest/2011/04/29/brazil-to-drop-ethnaol-content-to-
18-20-percent-as-prices-surge/.

89	 The Belgian government has met with strong opposition from 
the national petroleum fuel supplier union in response to these 
increases, per “Belgian small fuel suppliers sue to end E4 ethanol, 
B4 biodiesel blend mandates,” Biofuels Digest, 19 October 2011, 
at http://www.biofuelsdigest.com/bdigest/2011/10/19/
belgian-small-fuel-suppliers-sue-to-end-e4-ethanol-
b4-biodiesel-blend-mandates/; Bryan Sims, “EU member 
states increase biofuel blending quotas,” Biodiesel Magazine, 24 
August 2011, at http://biodieselmagazine.com/articles/8007/
eu-member-states-increase-biofuel-blending-quotas.    

90	 ”New South Wales delays B5 biodiesel mandate, citing local sup-
ply shortage,” Biofuels Digest, 27 December 2011, at http://www.
biofuelsdigest.com/bdigest/2011/12/27/new-south-wales-
delays-b5-biodiesel-mandate-citing-local-supply-shortage/.

91	 The VEETC provided a USD 0.12/litre tax credit for blenders 
and, by 2011, was estimated to cost the country around USD 6 
billion/year; see Northwest Farm Credit Services,”Ethanol Market 
Snapshot,” 31 December 2011, at http://www.farm-credit.
com/Default.aspx?pageid=837. Sidebar 8 from the following 
sources: wood pellets from M. Junginger et al., “Opportunities and 
barriers for international trade,” IEA Bioenergy, Task 40, 2010, at 
http://www.bioenergytrade.org/downloads/opportunities-
andbarriersforinternationalbioene.pdf, viewed 13 February 
2012; solar PV modules from Nilima Choudhury, “Tariff charges 
to be back-dated to December, US Department of Commerce 
tells China,” PV-tech.org, 31 January 2012, at http://www.
pv-tech.org/news/tariffs_charges_will_start_from_decem-
ber_3_2011_us_department_of_commerce_t; restriction 
of international competition from Nilima Choudhury, “CASE 
study finds SolarWorld’s fight against China will damage solar 
industry, not save it,” PV-tech.org, 31 January 2012, at http://
www.pv-tech.org/news/case_study_finds_solarworlds_
fight_against_china_will_damage_solar_industry; Ontario’s 
FIT from Nilima Choudhury, “An audience with the WTO: Japan 
and EU come forward with grievances against Ontario FiTs,” 
PV-tech.org, 26 January 2012, at http://www.pv-tech.org/
news/an_audience_with_the_wto_japan_and_eu_come_for-
ward_with_grievances_against; Turkey’s premium is USD 0.067/
kWh on top of the new USD 0.175/kWh FIT, per ”Turkey Adds 
Feed in Tariffs FiTs,” RenewableEnergyWorld.com, 17 January 
2011, at http://www.renewableenergyworld.com/rea/news/
article/2011/01/turkey-adds-feed-in-tariffs-fits; China from 
“Factbox: China-U.S. trade disputes pile up,” Reuters, 7 December 
2011, at http://www.reuters.com/article/2011/12/15/
us-china-usa-trade-factbox-idUSTRE7BE0TJ20111215; ITC 
complaint from Natalie Obiko Pearson, “China Solar Trade dispute 
may see India joining with Probe,” Bloomberg.com, 20 December 
2011, at http://www.bloomberg.com/news/2011-12-20/us-
china-solar-trade-dispute-may-see-india-joining-with-probe.
html, from Kari Williamson, “US Department of Commerce finds 
massive surge in Chinese solar imports,” RenewableEnergyFocus.
com, 3 February 2012, at http://www.renewableenergyfocus.
com/view/23650/us-department-of-commerce-finds-
massive-surge-in-chinese-solar-imports/, and from PV Insider, 
“Preliminary US counterveiling duties lower than expected,” PV 
Intelligence Brief 14–27 March 2012, at http://news.pv-insider.
com/photovoltaics/pv-intelligence-brief-14-%E2%80%93-
27-march-2012; Chinese response from “Factbox: China-U.S. 
trade disputes pile up,” Reuters, 7 December 2011, at http://
www.reuters.com/article/2011/12/15/us-china-usa-trade-
factbox-idUSTRE7BE0TJ20111215; India from Syanne Olsen, 
“Indian government okays import of low-priced Chinese solar 
cells,” PV-tech.org, 20 January 2012, at http://www.pv-tech.org/

ENDNOTES  04  POL ICY  LANDSCAPE



159

RE
NE

WABL


E
S 

20
12

 G
LO

BAL
 

ST
AT

US
 R

EP
OR

T

4104

news/indian_government_okays_import_of_low_priced_chi-
nese_solar_cells, and from Government of India, Ministry of 
New and Renewable Energy, ”Guidelines for Selection of New 
Grid Connected Solar Power Projects. Guidelines of the Indian 
National Solar Mission aim to promote local manufacturing,” 
http://mnre.gov.in/file-manager/UserFiles/jnnsm_grid-
connected_24082011.pdf; Ministerio de Minas e Energia 
(MME/EPE), Plano Decenal de Expansão de Energia 2020 
(Rio de Janeiro: 2011), pp. 74–75, at http://www.epe.gov.
br/PDEE/20120302_1.pdf; U.S. ethanol trade barriers from 
Gustavo de Lima Palhares, “United States strengthens relations 
with Brazil by throwing open its ethanol market,” Woodrow 
Wilson International Center for Scholars, Brazil Institute, 11 
January 2012, at http://brazilportal.wordpress.com/tag/
trade-barriers/.

92	 U.S. Department of Agriculture, Economic Research Service, 
“Impacts of the Demise of the Ethanol Tax Credit,” 19 January 
2012, at http://www.thebioenergysite.com/news/10316/
impacts-of-the-demise-of-the-ethanol-tax-credit; Malathi 
Nayak, “Obama Administration to Stimulate Biofuel Industry,” 
Reuters, 17 August 2011, at http://planetark.org/wen/62958; 
Energy Enviro Finland, “U.S. to boost production of sustainable 
biofuels,” 17 August 2011, at http://www.energy-enviro.fi/
index.php?PAGE=3&NODE_ID=5&LANG=1&ID=3762.

93	 European Biofuels, “Technology Platform, Biofuels and 
Sustainability Issues,” http://www.biofuelstp.eu/sustainability.
html; U.S. Environmental Protection Agency, “EPA Finalizes 2011 
Renewable Fuel Standards,” November 2010, at http://www.epa.
gov/otaq/fuels/renewablefuels/420f10056.htm.

94	 IEA, Clean Energy Progress Report (Paris: IEA/OECD, March 
2011).

95	 Republic of Uruguay, Ministry of Economy and Finance, 30 
December 2010, http://www.eficienciaenergetica.gub.uy/doc/
marco%20juridico/Decreto%20IMESI.pdf [in Spanish], viewed 
14 February 2012. 

96	 A. Wiederer and R. Philip, Policy Options for Electric Vehicle 
Charging Infrastructure in C40 Cities, 2010, at www.innovations.
harvard.edu/cache/documents/11089/1108934.pdf.

97	 Electric vehicle permits have been made available by Camden 
Council, London, U.K. for local vehicle owners to utilise the public 
recharging points, per Camden, “Electric Vehicle Permits,” www.
camden.gov.uk/ccm/content/transport-and-streets/parking/
where-to-park/-parking-electric-vehicles-in-camden.en.

98	 City of London, “Electric Vehicles for London,” www.london.gov.
uk/priorities/transport/green-transport/electric-vehicles and 
“Electric Vehicle Delivery Plan for London,” www.london.gov.uk/
sites/default/files/uploads/electric-vehicle-plan.pdf.

99	 Victoria Kenrick, “Executive Decision: Corporate Sustainability 
Embraces Renewables,” RenewableEnergyWorld.
com, 9 November 2011, at http://www.renew-
ableenergyworld.com/rea/news/article/2011/11/
executive-decision?cmpid=WNL-Friday-November11-2011.

100	 Robert Crowe, ”The US Army Has the ‘Land and the Demand’ 
for Renewable Energy,” RenewableEnergyWorld.com, 11 August 
2011, at http://www.renewableenergyworld.com/rea/news/
article/2011/08/the-us-army-has-the-land-and-the-demand-
for-renewable-energy?cmpid=WNL-Friday-August12-2011; 
“US Military to Invest $10 Billion a Year in Renewable Energy,” 
Sustainable Business, 17 October 2011, at  http://www.sustain-
ablebusiness.com/index.cfm/go/news.display/id/23039.

101	Bloomberg New Energy Finance, “Policy fog may be lifting 
slightly after weak first quarter,” Energy: Week in Review, 9–16 
April 2012.

102	U.S. Environmental Protection Agency, Green Power Partnership, 
http://www.epa.gov/greenpower/.

103	Veit Bürger, Oeko-Institut e.V., Freiburg, personal communication 
with REN21, 23 February 2012.

104	Green Energy Certification Center, Japan, http://eneken.ieej.
or.jp/greenpower/eng/index.htm.

105	Bürger, op. cit. note 103.
106	This is 42 cities out of the 70 reported in the CDP Cities 2011, 

Global Report on C40 Cities, KPMG Carbon Disclosure Project 
(CDP), 2011 at http://c40citieslive.squarespace.com/storage/
CDP%20Cities%202011%20Global%20Report.pdf.

107	City of Cape Town, “Councillor Gareth Bloor launches Cape 
Town’s Action Plan for Energy and Climate Change at COP17 in 
Durban,” press release (Durban: 5 December 2011), at http://
climatesmartcapetown.co.za/wp-content/uploads/2011/08/
Cllr-Gareth-Bloor-launches-Action-Plan-for-Energy-and-
Climate-Change-at-COP17-Media-Release-05-Dec-2011.
pdf; Seoul Metropolitan Government, “Clean Environmental 
City – Seoul,” http://www.anmc21.org/english/asianmonth/
pmeeting/src/clean_p2/Seoul.pdf.

108	 EU Covenant of Mayors, “Sustainable Energy Action 
Plan,” at  http://www.eumayors.eu/actions/
sustainable-energy-action-plans_en.html. 

109	”Ithaca goes 100% Renewable,” Environmental Leader, 30 
December 2011, at  http://www.environmentalleader.
com/2011/12/30/ithaca-goes-100-renewable/. 

110	Tyler Falk, “Texas city’s government uses 100% renewable 
energy,” 5 October 2011, at http://www.smartplanet.com/
blog/cities/texas-citys-government-uses-100-renewable-
energy/1015; Austin Energy, “Austin City Council approves 
new wind contracts; Austin Energy renewable goals well within 
reach,” 12 September 2011, at http://www.austinenergy.com/
About%20Us/Newsroom/Press%20Releases/Press%20
Release%20Archive/2011/newWindContracts.html.    

111	“Palo Alto Issues Renewable Power RFP,” 28 September 2011, 
at http://www.electricenergyonline.com/?page=show_
news&rss=1&id=160960; San Francisco from Joshua Sabatini, 
“SF’s public power plan hums along,” San Francisco Examiner, 
13 December 2011, at http://www.sfexaminer.com/
local/2011/12/sf-s-public-power-plan-hums-along, from Kari 
Williamson, “San Francisco plans major renewable electricity 
push,” RenewableEnergyFocus.com, 19 December 2011, at 
http://www.renewableenergyfocus.com/view/22770/san-
francisco-plans-major-renewable-electricity-push/, from John 
Upton, ”SF plans to sell 100% Renewable Electricity,” The Bay 
Citizen, 6 May 2011, at http://www.baycitizen.org/energy/
story/sf-aims-sell-100-renewable-electricity/, and from 
Mission Community Council, “Renewable Energy Alternative 
for San Francisco,” 10 November 2011, at http://micocosf.
org/2011/11/10/renewable-energy-alternative-for-san-
francisco/; Randy Simes, ”Cincinnati exploring 100% renewable 
energy goal,” Business Courier, 6 February 2012, at http://
www.bizjournals.com/cincinnati/blog/2012/02/cincinnati-
exploring-100-renewable.html.

112	The City of Philadelphia, Mayor’s Office of Sustainability, 
“Greenworks Philadelphia,” 2011, p. 13, at http://www.phila.
gov/green/PDFs/Greenworks_PrgrssRprt_2011.pdf; 

113	Examples include Adelaide, Albuquerque, Amsterdam, Austin, 
Chicago, Edinburgh, Freiburg, Gothenburg, Hamburg, Kyoto, 
Malmö, Miami, Munich, Sacramento, Seoul, Seattle, Sydney, 
Sonoma County, Växjö, Vancouver, and Wellington. 

114	City of Amsterdam, “Investing in the Environment,” http://www.
iamsterdam.com/en/business/who_is_here/testimonials/
sustainable.

115	NYC Global Partners, “Best Practice: Promoting Solar Energy” 
(Barcelona: 20 May 2011), http://www.nyc.gov/html/unccp/
gprb/downloads/pdf/Barcelona_SolarEnergy.pdf.

116	Portland is currently constructing a seven-story 12,000 square-
meter building that will meet  all its energy needs through solar 
PV, geothermal heat, and bifacial panels. 

117	The system will use ground wood from pallets and briquetted 
agricultural residues such as wheat and barley straw and oat 
hulls. 

118	The project was supported by the Department of Energy Solar 
America Communities Program and in partnership with the city 
of Minneapolis and the Minnesota Division of Energy Services. 

119	IEA Solar Heating and Cooling Programme, “Denmark: More 
than 60 MWth of new solar district heating in 2011,” press 
release (Paris: September 2011), at  http://www.iea-shc.org/
press/2011-09-20-Denmark-Growing-Solar-District-Heating.
pdf.

120	The Ekurhuleni programme was financed through the South 
Africa Low-cost Housing programme, which aims to get 1 million 
solar water heaters set up in homes across South Africa by 2014; 
in Argentina, the Rosario city council established in July a solar 
ordinance that will require that all public buildings will have 



160

04
to cover at least 50% of their hot water consumption by solar 
energy. 

121	”Hungary’s Largest Geothermal Development now in operation,” 
MANNVIT, 3 May 2011, at http://www.mannvit.com/AboutUs/
News/Readarticle/2937; Shaanxi Green Energy Geothermal 
Development Company, Geothermal Xianyang City, at http://
www.sxlydr.com/eng/newsbook.asp?classid=88&newsid=39
3&name=Geothermal%20Xianyang%20City.

122	Robert Peltier, “2009 Marmaduke Award: The Hague Repowering 
Project Upgrades CHP System, Preserves Historic Building,” 
Power Magazine, 1 August 2009, at http://www.powermag.
com/gas/2009-Marmaduke-Award-The-Hague-Repowering-
Project-Upgrades-CHP-System-Preserves-Historic-Build-
ing_2061.html; L.X. Richter, “Paris with new geothermal district 
heating project,” ThinkGeoenergy.com, 13 February 2009, at 
http://thinkgeoenergy.com/archives/868; Unterhaching from 
BINE Informationsdienst, “Geothermal electricity generation 
combined with a heating network,” http://www.bine.info/
fileadmin/content/Publikationen/Englische_Infos/pro-
jekt_1009_engl_internetx.pdf, viewed 26 March 2012. 

123	Johannesburg from Lise Pretorius, “Biofuels - Metrobus Greening 
the fleet,” 23 June 2011, at http://www.fm.co.za/Article.
aspx?id=146633; São Paulo from Scania Group, “Growing 
Market,” http://www.scania.com/scania-group/sustain-
ability/towards-sustainable-transport/a-low-carbon-vision/
renewable-fuels/growing-market.aspx, and from Gilberto 
Kassab, “ESSAY. City with a Future,“ in Volkswagen Annual Report 
2011, at http://annualreport2011.volkswagenag.com/maga-
zine/essaycitywithafuture/essaycitywithafuture1.html.

124	The cities’ “Diesel de cana” project is in partnership with Amyris 
Brasil SA. 

125	C 40 Cities, “City of Curitiba; Bus Rapid Transit,” 1 June 2011, 
at http://c40citieslive.squarespace.com/storage/summit-
presentations/Curitaba_Bus%20Transit.pdf.

126	This project is being carried out with the help of the Swedish 
government. 

127	The project is the result of a collaboration between the Belgian 
Rail Operator, Infrabel, renewable energy developer Enfinity, the 
municipalities of Brasschaat and Schoten and inter-municipal 
financing companies FINEA and IKA. 

128	Austin Energy, “Getting Ready for Plug In Electric 
Vehicles,” http://test.austinenergy.com/About%20Us/
Environmental%20Initiatives/Plug-in%20Hybrid%20
Vehicles/index.htm; ”New York’s First Solar Powered Electric 
Vehicle Charging Station,” EnergyMatters.com, 28 March 2011, 
at http://www.energymatters.com.au/index.php?main_
page=news_article&article_id=1417; DEMOTIX, “Inauguration 
of first charging station and ecological taxis in Mexico,” 28 
September 2011, at http://www.demotix.com/news/849468/
inauguration-first-charging-station-and-ecological-taxis-
mexico.

129	DEMOTIX, op. cit. note 128.
130	“Better Place named a green game changer by WWF,” press 

release (Melbourne: 7 November 2011), at http://www.bet-
terplace.com.au/media/media-releases/better-place-named-
a-green-game-changer-by-wwf.html.

131	The development of the vehicle to grid (V2G) concept is a key 
priority. 

132	The Amsterdam smart city project was launched in 2009. 
133	“China Plans to Have 100 New Energy Demonstration Cities by 

2015,” Business China, 27 April 2011, at http://en.21cbh.com/
HTML/2011-4-27/zMMjMyXzIxMDAzMw.html.

134	Blandine Pidoux, “Energy Cities, Covenant of Mayors welcomes 
its 3,000th signatory,” 19 October 2011, at http://energy-cities.
eu/Covenant-of-Mayors-welcomes-its.

135	United Cities and Local governments, “Local and regional govern-
ments in climate negotiations in Durban (COP 17),” press release, 
1 December 2011, at http://www.cities-localgovernments.org/
upload/docs/climate_change/press_release_1st_week_ENG.
pdf.

136	World Mayors Council on Climate Change, “First Annual 
Reports of the Mexico City Pact and cCCR Now Available,” 
press release (Durban: undated), at http://www.world-
mayorscouncil.org/press-room/news-detail/article//

first-annual-reports-of-the-mexico-city-pact-and-cccr-now-
available.html.

137	The report is published by the Bonn Center for Local Climate 
Action and Reporting, hosted by ICLEI.

138	Ibid.
139	C 40 Cities, “C40 and World Bank Form Groundbreaking 

Climate Change Action Partnership,” 1 June 2011, at http://
live.c40cities.org/blog/2011/6/1/c40-and-world-bank-
form-groundbreaking-climate-change-action.html; ICLEI, 
“Future City Leaders, Empowering committed young municipal 
leaders to become champions for sustainability within their 
cities, towns and the global community,” http://www.iclei.
org/?id=futurecityleaders; “C 40 Cities C40 and ICLEI to 
Establish Global Standard on Greenhouse Gas Emissions from 
Cities,” 1 June 2011, at http://c40citieslive.squarespace.com/
blog/2011/6/1/c40-and-iclei-to-establish-global-standard-
on-greenhouse-gas.html.

ENDNOTES  04  POL ICY  LANDSCAPE



161

RE
NE

WABL


E
S 

20
12

 G
LO

BAL
 

ST
AT

US
 R

EP
OR

T

RURAL RENEWABLE ENERGY  

1	 International Energy Agency, World Energy Outlook 2011  
(Paris: 2011).

2	 Based on 2009 investment of USD 9.1 billion versus estimated 
need for USD 48 billion annually, from ibid.

3	 Sidebar 9 from United Nations General Assembly, Sixty-fifth 
Session, Agenda item 20, “Resolution adopted by the General 
Assembly [on the report of the Second Committee  
(A/65/436 and Corr.1)] 65/151 International Year of Sustainable 
Energy for All,” 16 February 2011.

4	 Christian Breyer et al., “Fuel Parity: New Very Large and 
Sustainable Market Segments for PV Systems,” paper prepared for 
IEEE EnergyCon 2010, Manama/Bahrain, 18–22 December 2010.

5	 Mark Hankins, African Solar Designs, personal communica-
tions with REN21, spring 2012; Botswana Power Corporation, 
Annual Report 2011, at http://www.bpc.bw/doc/bpc_annual_
report_2011.pdf.

6	 Ibid. 
7	 A. Kwabena Out-Danquah, Energy Commission of Ghana, Accra, 

personal communication with REN21, spring 2012.
8	 Republic of Zambia, Ministry of Energy and Water Development, 

http://www.mewd.gov.zm/.
9	 Cameroon Association of Engineers and Computer Scientists, 

“Inauguration of the first solar village and solar High school in 
the history of Cameroon,” 11 June 2010, at http://www.vkii.org/
index.php?option=com_content&task=view&id=402&Itemid=53.

10	 Malawi Government, Ministry of Development Planning & 
Cooperation, Malawi Annual Economic Report 2011 (Lilongwe: 
2011), at http://psip.malawi.gov.mw/reports/docs/Economic_
Report_2011.pdf.

11	 Malawi Government, Ministry of Finance, 2011/12 Budget 
Statement, at http://www.finance.gov mw/index.php?option=com_
docman&task=doc_download&gid=32&Itemid=107.

12	 Republic of Rwanda, Ministry of Infrastructure, National 
Energy Policy and National Energy Strategy 2008–2012, pp. 
45–46, at http://www.euei-pdf.org/sites/default/files/files/
field_pblctn_file/EUEI%20PDF_Rwanda_Energy%20Policy%20
2008-2012_Final_Jan%202009_EN.pdf.

13	 “REA in low cost design for electricity connection,” The Guardian 
Reporter, 6 November 2011, at http://www.ippmedia.com/fron-
tend/index.php?l=35105.

14	 Moroccan Ministry of Energy, Mines, Water and the Environment, 
Department of Energy and Mines, “Les caractéristiques du secteur 
énergétique marocain en 2011,” http://www.mem.gov.ma/publica-
tions/Caract%20sect%20energetique%20marocain%202011.pdf.

15	 International Finance Corporation and World Bank, “Lighting 
Africa,” Issue Brief, updated March 2010, at http://ifcext.
ifc.org/ifcext/media.nsf/AttachmentsByTitle/IssueBriefs_
Apr2010/$FILE/SM10_LightingAfrica.pdf.

16	 Ministry of Energy, Government of Mozambique and FUNAE 
Annual Report 2011, provided by Miquelina Menezes, Fundo de 
Energia (FUNAE), personal communication with REN21, spring 
2012.

17	 Menezes, ibid.
18	 ECOWAS Regional Centre for Renewable Energy and Energy 

Efficiency, “Cape Verde Attains 25% Renewable Energy 
Penetration,” ECREEE Newsletter, vol. 4, 2012, at http://ecreee.
vs120081.hl-users.com/website/download.php?f=6cba8eb3868
884845c6c47e0533f22bb. Note that Cape Verde added 23 MW of 
capacity in 2011 and had a total of 24 MW at the end of 2011, per 
Global Wind Energy Council, Global Wind Report 2011: Annual 
Market Update (Brussels: March 2012).

19	 Sidebar 10 is based on the following sources: Bertrand 
D’Armagnac, “Two Million Deaths in the Kitchen Each Year,” 
Le Monde, November 13, 2011, at http://cleancookstoves.
org/wp-content/uploads/2011/11/Le-Monde-Cookstoves.
pdf [in French]; universal access by 2030 from Energy for a 
Sustainable Future, The Secretary General’s Advisory Group on 
Energy and Climate Change (AGECC), AGECC Summary Report, 
28 April 2010, p. 13, at http://www.un.org/millenniumgoals/
pdf/AGECCsummaryreport[1].pdf; India pilot initiative from 
Government of India, Ministry of New and Renewable Energy 
(MNRE), Strategic Plan for New and Renewable Energy Sector 
for the Period 2011–2017 (New Delhi: February 2011), p. 27, 
at http://mnre.gov.in/file-manager/UserFiles/strategic_plan_
mnre_2011_17.pdf; Afghanistan from Gwénaëlle Legros et al., 
“The Energy Access Situation in Developing Countries” (New 
York: United Nations Development Programme, November 2009), 

p. 78; SELCO from The Energy and Resources Institute (TERI), 
Institute for Global Environmental Strategies, and Asia Energy 
Institute, Learning from Emerging Energy Innovations in Asia: 
Contributing to the Discourse on an Institutional Framework 
for Sustainable Development (New Delhi: March 2012), p. 65, at 
http://enviroscope.iges.or.jp/modules/envirolib/upload/3768/
attach/TERI_IGES_AEI__Emerging_Energy_Innovations_in_Asia_
Final__Report[1].pdf; IEA, op. cit. note 1, p. 7, at http://www.iea.
org/papers/2011/weo2011_energy_for_all.pdf. See also Global 
Alliance for Clean Cookstoves, Web site, www.cleancookstoves.org. 

20	 Mark Hankins and Joshua Wauthy, African Solar Designs, personal 
communication with REN21, spring 2012; E. Muwamba, “Can 
biogas kill two birds with one stone,” The Nation, 19 January 
2012, at http://www.mwnation.com/index.php/business-news/
business-review-/29256-can-biogas-kill-two-birds-with-one-
stone.html viewed May 2012.

21	 Republic of Rwanda, op. cit. note 12.
22	 Fast Start Finance, “Contributing Countries: Netherlands: 

National programme for renewable energy in Rwanda,” November 
2011, at http://www.faststartfinance.org/programme/
national-programme-renewable-energy-rwanda.

23	 Alternative Energy Africa, “New Clean Energy Project Underway 
in Mozambique,” 22 September 2011, at http://www.ae-africa.
com/read_article.php?NID=3297.

24	 CleanStar Mozambique is a joint venture between CleanStar 
Ventures and Novozymes; Up Energy Group Inc. and Eneco Energy 
Trade BV (the energy trading arm of A-rated Dutch utility Eneco 
Holding NV) have created a joint venture in Uganda. 

25	 MNRE Web site, http://www.mnre.gov.in, viewed 22 Dec. 2011.
26	 Ministry of Energy, Government of Iran, Renewable Energy 

Organization of Iran, http://www.suna.org.ir/home-en.html. 
27	 Benjamin K. Sovacool, Institute for Energy and the Environment, 

Vermont Law School, personal communication with REN21, 
spring 2012; Mae-Wan Ho, “Eradicating Rural Poverty with 
Renewable Energies,” ISIS Report (London: Institute of Science in 
Society, 24 November 2010), at http://www.i-sis.org.uk/eradicat-
ingRuralPovertyRenewableEnergies.php.

28	 Tobias Engelmeier, Bridge to India Pvt Ltd., personal communica-
tion with REN21, spring 2012; Government of India, Ministry of 
Power, Rajeev Gandhi Grameen Vidyutikaran Yojana, Quarterly 
Report on Rural Electrification, December 2011, at http://power-
min.nic.in/bharatnirman/pdf/Unelectrified_Villages.pdf.

29	 Engelmeier, op. cit. note 28; MNRE, “Jawaharlal Nehru National 
Solar Mission (JNNSM) Mission Statement,” http://mnre.gov.in/
pdf/mission-document-JNNSM.pdf.

30	 Sovacool, op. cit. note 27; B.K. Sovacool, A.L. D’Agostino, and M.J. 
Bambawale, “Gers Gone Wired: Lessons from the Renewable 
Energy and Rural Electricity Access Project (REAP) in Mongolia,” 
Energy for Sustainable Development, March 2011, pp. 32–40, at 
http://dx.doi.org/10.1016/j.esd.2010.10.004.

31	 Sidebar 11 from Debajit Palit, TERI, New Delhi, personal commu-
nication with REN21, spring 2012, and TERI, “Lighting a Billion 
Lives,” http://labl.teriin.org/.

32	 Worldwatch Institute, “India Announces Improved Cook Stove 
Program,” http://www.worldwatch.org/node/6328, updated 5 
May 2012.

33	 Palit, op. cit. note 31; TERI, op. cit. note 31.
34	 New Energy World Network, “ADB invests $21.6m in Bhutan 

renewable energy programme,” November 2010, at http://www.
newenergyworldnetwork.com/investor-news/renewable-energy-
news/by-technology/water/adb-invests-21-6m-in-bhutan-
renewable-energy-programme.html. 

35	 Gonzalo Bravo, GNESD Member Centre of Excellence, Bariloche 
Foundation, Argentina, personal communication with REN21, 
spring 2012; Pablo Rosenthal, “Concurso Energético Ideas: 
Modelo de Gestión Alternativo Para La Electrificación Rural,” 
Global Village Energy Partnership, 18 November 2009, at http://
www.gvepinternational.org/en/community/forum/topic/
concurso-energ%C3%A9tico-ideas-modelo-de-gesti%C3%B3n-
alternativo-para-la-electrificaci%C3%B3. 

36	 Programa Luz para Todos, “Energia para o mundo,” Informativo 
Luz Para Todos, December 2011, at http://luzparatodos.mme.gov.
br/luzparatodos/downloads/Informativo%2037.pdf. 

37	 Bravo, op. cit. note 35; J. Suárez, “Electrificación rural con energías 
renovables,” DGER/Ministerio de Energía y Minas de Peru, pre-
sented at Foro Internacional de Experiencias Latinoamericanas 
en el Desarrollo de Proyectos de Electrificación Rural, Lima, Peru, 
April 2010; Rafael Espinoza, CER UNI (Center for Renewable 
Energies at the National Engineering University of Lima, Peru), 
personal communication with REN21, 2011.

ENDNOTES  05  RURAL  RENEWABLE  ENERGY

4
05

105



162

ENERGY EFFICIENCY AND RENEWABLE ENERGY  

1	 Ottmar Edenhofer, Ramòn Pichs Madruga, and Youba 
Sokona, eds., Renewable Energy Sources and Climate Change 
Mitigation: Special Report of the Intergovernmental Panel on 
Climate Change (Cambridge, U.K.: Cambridge University Press, 
2012), at http://www.ipcc.ch/publications_and_data/publica-
tions_and_data_reports.shtml#2.

2	 Passivhaus, http://www.passiv.de/English/PassiveH.HTM, 
viewed 23 February 2012.

3	 The overall efficiency of the process is lower due to the 
subsequent conversion steps (water electrolysis, hydrogen 
distribution, power generation from hydrogen). See UMBReLA 
- Umweltbilanzen Elektromobilität Web site, http://www.
emobil-umwelt.de/.

4	 Matthew W. Kanan and Daniel G. Nocera, “In Situ Formation 
of an Oxygen-Evolving Catalyst in Neutral Water Containing 
Phosphate and Co2+,” Science, 22 August 2008, p. 1072.

5	 Janet L. Sawin and William R. Moomaw, Renewable Revolution: 
Low-Carbon Energy by 2030 (Washington, DC: Worldwatch 
Institute and REEEP, 2009). Calculations are from the 
Worldwatch Institute based on U.S. Energy Information 
Administration (EIA), “International Energy Statistics,” 
at www.eia.gov, updated October 2009; on International 
Monetary Fund, “World Economic Outlook Database,” at www.
imf.org/external/pubs/ft/weo/2009/01/weodata/index.aspx, 
updated April 2009; and on BP, Statistical Review of World 
Energy (London: June 2009).

6	 Sawin and Moomaw, op. cit. note 5. Other factors affect-
ing energy productivity improvements include economic 
development and change, climate changes, and technological 
development.

7	 A 1,500-lumens LED bulb, equivalent to a 100-watt traditional 
incandescent bulb, utilises one-fifth to one-sixth the electricity 
of an incandescent bulb, and lasts about 50 times as long. See 
U.S. Department of Energy “Establishing LED Equivalency,” 
December 2011, at  http://apps1.eere.energy.gov/buildings/
publications/pdfs/ssl/establishing-led-equivalency.pdf.

8	 Natural Resources Defense Council, “Efficient Appliances Save 
Energy—and Money,” 13 January 2010, at http://www.nrdc.
org/air/energy/fappl.asp.

9	 International Council on Clean Transportation, ”US Last among 
Major Countries in Car Fuel Economy Standards,”  http://
www.marketingcharts.com/topics/asia-pacific/us-last-
among-major-countries-in-car-fuel-economy-standards-1141/
icct-fuel-economy-mpg-standardsgif/.

10	Christopher R. Knittel, “Automobiles on Steroids: Product 
Attribute Trade-Offs and Technological Progress in the 
Automobile Sector,” American Economic Review 2012, 
December 2011, pp. 3368–99, at http://pubs.aeaweb.org/doi/
pdfplus/10.1257/aer.101.7.3368.

11	J. Hofer, E. Wilhem, and W. Schenler, The Paul Scherrer 
Institute, “Fuel Economy Improvements of Swiss and 
European New Passenger Cars,” presented at International 
Advanced Mobility Forum, 7–8 March 2012, PALEXPO Geneva, 
at http://www.thelma-emobility.net/pdf/IAMF%202012/
Hofer_IAMF2012_Poster.pdf.

12	Sarosh Bana and Kari Williamson, “Indian and Swiss 
Cooperation on energy efficiency in buildings,” 
RenewableEnergyFocus.com, 14 February 2012, at http://
www.renewableenergyfocus.com/view/23843/indian-and-
swiss-cooperation-on-energy-efficiency-in-buildings/.

13	Figure was 25,000 as of August 2010, per Tom Zeller Jr., 
“Can We Build in a Brighter Shade of Green?” New York 
Times, 25 September 2010, at http://www.nytimes.
com/2010/09/26/business/energy-environment/26smart.
html?_r=2&ref=earth&pagewanted=all.

14	U.S. Green Building Council (USGBC), “About LEED,” 
PowerPoint presentation, December 2011, at http://www.
usgbc.org/; USGBC, Newsletter, December 2010, http://www.
usgbc.org/.

15	Andrew C. Burr, “Studies Suggest More Gains for Green 
Building in 2009: New Numbers Revealed on Worker 

Productivity, Cost Premiums, Energy Efficiency,” 5 December 
2008, at http://www.costar.com/News/Article/Studies-
Suggest-More-Gains-for-Green-Building-in-2009/108106. 

16	T.M. McGrath, “Certification of Green Buildings: Applying a 
More Effective Look at Renewable Energy,” Masters of Liberal 
Arts, Environmental Management Program, Thesis, Harvard 
Extension (Cambridge, MA: Harvard University, 2009).

17	Martin Pehnt et al., “Intertwining renewable energy and 
energy efficiency: from distinctive policies to combined 
strategies,” in proceedings of ECEEE 2009 Summer Study, Act! 
Innovate! Deliver! Reducing Energy Demand Sustainably, Panel 
Two: Policy Implementation, 2009, at http://www.eceee.
org/conference_proceedings/eceee/2009/Panel_2/2.119/
paper. For an example of efficiency improvements, see 
European Environment Agency, “Monitoring of CO2 emissions 
from passenger cars – Regulation 443/2009,” 6 December 
2011, at http://www.eea.europa.eu/data-and-maps/data/
co2-cars-emission.

18	Brazil, Cuba, and Venezuela from David Derbyshire, “Revolt! 
Robbed of their right to buy traditional light bulbs, millions are 
clearing shelves of last supplies,” Daily Mail, 7 January 2009, at   
http://www.dailymail.co.uk/news/article-1107290/Revolt-
Robbed-right-buy-traditional-light-bulbs-millions-clearing-
shelves-supplies.html. 

19	EU and Switzerland from Walter Jaeggi, “Lights out for the 
big bulbs,” Tages Anzeiger, at  http://www.tagesanzeiger.ch/
leben/rat-und-tipps/Grosses-Lichterlschen-fr-die-Glhbirnen/
story/25999013; Australia from Australian Government, 
Department of Climate Change and Energy Efficiency, “What 
you need to know,” http://www.climatechange.gov.au/en/
what-you-need-to-know.aspx; EU, Australia, others also from 
James Kanter, “Europe’s Ban on Old Style Bulbs Begins,” 
New York Times, 31 August 2009, at  http://www.nytimes.
com/2009/09/01/business/energy-environment/01iht-bulb.
html?_r=1; Argentina from “Desde 2011, no podrán vend-
erse más lámparas incandescentes,” La Nacion, 21 January 
2011, at http://www.lanacion.com.ar/1091978-desde-
2011-no-podran-venderse-mas-lamparas-incandescentes 
[in Spanish]; Canada from “Canada to ban incandescent 
light bulbs by 2012,” Reuters, 25 April 2007, at http://
www.reuters.com/article/2007/04/25/us-lightbulbs-
env-idUSN2529253520070425; Malaysia from ”Save 
energy: the use of incandescent lights will be stopped,” 
Utusan Online, 18 March 2010, at http://www.utusan.
com.my/utusan/info.asp?y=2010&dt=0318&pub=Utusan_
Malaysia&sec=Terkini&pg=bt_16.htm.  

20	The Indian programme was financed through the Clean 
Development Mechanism, per Mat McDermott, “India to 
Phase Out 400 Million Incandescent Lightbulbs by 2012, 
Replace With CFLs,” Treehugger.com,  4 March 2009, at http://
www.treehugger.com/interior-design/india-to-phase-out-
400-million-incandescent-lightbulbs-by-2012-replace-with-
cfls.html; Algeria from Regional Center for Renewable Energy 
and Energy Efficiency, “Provision of Technical Support/
Services for an Economical, Technological and Environmental 
Impact Assessment of National Regulations and Incentives 
for Renewable Energy and Energy Efficiency: Desk Study” 
(Algeria: 2010).

21	U.S. Department of Energy, “New Lighting Standards Begin 
in 2012,” http://www.energysavers.gov/your_home/light-
ing_daylighting/index.cfm/mytopic=11977, viewed 23 March 
2012. The “L Prize” was awarded to the Phillips LED bulb in 
2011, per U.S. Department of Energy L-Prize, “Transforming 
the Lighting Landscape,” http://www.lightingprize.org/, 
viewed 15 March 2012.

22	Nan Zhou, Status of China’s Energy Efficiency Standards 
and Labels for Appliances and International Collaboration 
(Berkeley, CA: Lawrence Berkeley National Laboratory, 
2008), at http://china.lbl.gov/publications/status-chinas-
energy-efficiency-standards-and-labels-appliances-and-
international-colla; Colombia from Global Environment 
Facility, “Energy Efficiency Standards and Labels,” http://
www.thegef.org/gef/node/4579; South Korea from Lee Ki 
Hyun, KEMCO, “Transforming Innovation into Realistic Market 
Implementation Programs,” 27 April 2010, at http://www.iea.

06 ENDNOTES  06  FEATURE : ENERGY  EFF IC I ENCY  AND RENEWABLE  ENERGY



163

RE
NE

WABL


E
S 

20
12

 G
LO

BAL
 

ST
AT

US
 R

EP
OR

T

org/work/2010/transform/hyun.pdf; Thailand from United 
Nations Technical Cooperation, “Energy efficiency standards 
and labelling programme,” http://esa.un.org/techcoop/flag-
ship.asp?Code=GLO99095, viewed 25 April 2012. 

23	The European Parliament and the European Council, 
“Ecodesign Directive (2009/125/EC),” published in the Official 
Journal of the European Union, 31 October 2009, at http://
ec.europa.eu/enterprise/policies/sustainable-business/
documents/eco-design/legislation/framework-directive/
index_en.htm.

24	Natural Resources Canada, “Accomplishments: The National 
Energy Code for Buildings (NECB),” http://oee.nrcan.gc.ca/
corporate/10200, updated 26 August 2011; “President 
Obama Announces $4 Billion Investment in Energy Upgrades 
to Buildings,” Clean Edge News, 2 December 2011, at www.
cleanedge.com/resources/news.

25	European Union, “Concerted Action (CA) Energy Performance 
of Buildings (EPBD),” Directive No. 2002/91/EC, updated 
December 2011, at http://www.epbd-ca.eu/.

26	Bana and Williamson, op. cit. note 13.
27	Jasmin Melvin, “FACTBOX: Auto Emission Standards Around 

The World,” Reuters, 20 May 2009,  at http://planetark.org/
wen/52970; Feng An, Robert Earley, and Lucia Green-Weiskel, 
“Global Overview on Fuel Efficiency and Motor Vehicle 
Emission Standards: Policy Options and Perspectives for 
International Cooperation,” background paper prepared for 
United Nations Commission on Sustainable Development, 
Nineteenth Session, New York, 2–13 May 2011, at http://www.
un.org/esa/dsd/resources/res_pdfs/csd-19/Background-
paper3-transport.pdf; India from Chetan Chauhan, Moushumi 
Das Gupta, and Sumant Banerjee, “India to introduce new fuel 
efficiency standards,” Hindustan Times, 4 May 2011, at http://
www.greencarcongress.com/2011/05/india-20110504.html, 
and from “Govt drafts ‘lax’ car fuel efficiency norms,” Times of 
India, 22 October 2011, at http://articles.timesofindia.india-
times.com/2011-10-22/india/30310670_1_fuel-efficiency-
car-industry-anumita-roychowdhury.

28	Amy Harder, “Sizing up Obama’s fuel economy standards,” 
National Journal, 1 August 2011,  at http://energy.national-
journal.com/2011/08/sizing-up-obamas-fuel-economy.php.

29	An, Earley, and Green-Weiskel, op. cit. note 27.
30	International Energy Agency (IEA), policy database, provided 

to REN21, March 2012.
31	Kathy Chen and Stian Reklev, “China ups energy inten-

sity target for industry,” Reuters, 27 February 2012, at 
http://uk.reuters.com/article/2012/02/27/idUKL5E-
8DR33C20120227; Stephanie Ohshita and Lynn Price, “Targets 
for the Provinces: Energy Intensity in the 12th Five-Year 
Plan,” China FAQs: The Network for Climate and Energy 
Information, 18 April 2011, at http://www.chinafaqs.org/
blog-posts/targets-provinces-energy-intensity-12th-five-
year-plan. The energy intensity reduction was increased to 
21% below 2010 levels by 2015 (up from 18%), per “China 
ups energy intensity target for industry,” Reuters, 27 February 
2012, at http://uk.reuters.com/article/2012/02/27/
idUKL5E8DR33C20120227.

32	Edunetsys, “Energy Efficiency Targets for Core 
Sector,” http://www.edunetsys.com/india/
energy-efficiency-targets-core-sector/.

33	“Australia Equipment Energy Efficiency Program,” in IEA 
op. cit. note 30; Denmark from idem; Mexico from HIS 
Environmental Intelligence Analysis, “Energy Efficiency 
in Mexico,” http://www.eiatrack.org/s/189; Russia from 
“On Energy Conservation and Improving Energy Efficiency, 
and Introducing Amendments to Certain Legislative Acts 
of the Russian Federation” (the “Energy Efficiency Law”), 
adopted 23 November 2009, at http://www.themoscow-
times.com/conferences/rus/article/456427.html; Uruguay 
from Keith R., “An Ambitious Energy Efficiency Law for 
Uruguay,” The Temas Blog, 22 September 2009, at http://
www.temasactuales.com/temasblog/environmental-
protection/energy-the-environment/energy-efficiency/
an-ambitious-energy-efficiency-law-for-uruguay/.

34	Danish Ministry of Climate, Energy and Building, “DK Energy 
Agreement,” 22 March 2012, at http://www.kemin.dk/
Documents/Presse/2012/Energiaftale/FAKTA%20UK%201.
pdf. 

35	Unlike the other two goals, the efficiency targets are not legally 
binding. See Euractiv, “EU energy official ‘60%’ confident on 
efficiency target,” 9 November 2011, at http://www.euractiv.
com/energy-efficiency/eu-energy-official-60-confident-
efficiency-target-news-508826.

36	Institut dezentrale Energietechnologien, IdE “BMU-
Projekt 100ee-Regionen,“ http://www.100-ee.de/index.
php?id=projekt, viewed 19 March 2012; Hessen Energie, 
“BioEffizienz-Dorf Hessen 2010-2012. 
Steigerung der Energieeffizienz und Nutzung Erneuerbarer 
Energien im ländlichen Raum,“ http://www.hessenenergie.
de/FoerProg/Hessen/hess-dorf/hess-dorf.shtml [in German], 
viewed 23 April 2012.

37	Eric Paul, “Zero Net Energy Buildings Emerging as Market 
Driver for Solar,” RenewableEnergyWorld.com, 15 March 
2012, at http://www.renewableenergyworld.com/rea/blog/
post/2012/03/zero-net-energy-buildings-emerging-as-mar-
ket-driver-for-solar?cmpid=SolarNL-Tuesday-March20-2012.

38	The goal was set in 2010, per California Energy Efficiency 
Strategic Action Plan, “2. Residential sector including low 
income: Goals,” January 2011, p. 9, at www.Engage360.com.

39	Stephen Lacey, “Record State Energy-Efficiency 
Investments in 2011,” CleanTechnica, 5 January 
2012, at http://cleantechnica.com/2012/01/05/
record-state-energy-efficiency-investments-in-2011/.

40	Database of State Incentives for Renewables and Efficiency 
(DSIRE) USA, “Financial incentives for energy efficiency,” 
http://www.dsireusa.org/summarytables/finee.cfm, viewed 
23 February 2012.

41	Lacey, op. cit. note 39.
42	DSIRE USA, op. cit. note 40.
43	M. Pehnt et al., Energy Balance - Optimum System Solutions 

for Renewable Energy and Energy Efficiency (Wuppertal: 
Institute for Energy and Environmental Research Heidelberg 
and Wuppertal Institute for Climate, Environment and Energy, 
2009), at http://www.ifeu.de/english/index.php?bereich=ene
&seite=energiebalance [in German]. 

44	M. Z. Jacobson and M.A. Delucchi, “Providing all global energy 
with wind, water and solar power, Part I Technologies, energy 
resources, quantities and areas of infrastructures and materi-
als,” Energy Policy, vol. 39 (2011), pp. 1154–69.

45	Ernst von Weisacker et al., Factor 5 (London: Earthscan, 2009).

4106



164

Biodiesel A fuel used in diesel engines installed in 
cars, trucks, buses, and other vehicles; and also used in 
stationary heat and power applications. Biodiesel is pro-
duced from oilseed crops such as soy, rapeseed (canola), 
and palm oil, and from other oil sources such as waste 
cooking oil and animal fats.

Biofuel A wide range of liquid and gaseous fuels derived 
from biomass. Biofuels—including liquid fuel ethanol 
and biodiesel, as well as biogas—can be combusted 
in vehicle engines as transport fuels and in stationary 
engines for heat and electricity generation. They can also 
be used for domestic heating and cooking (for example, 
as ethanol gels). Advanced biofuels are made from 
sustainably produced non-food biomass sources using 
technologies that are still in the pilot, demonstration, or 
early commercial stages. One exception is hydro-treated 
vegetable oil (HVO, where hydrogen is used to remove 
oxygen from the oils to produce a hydrocarbon fuel more 
similar to diesel), which is now commercially produced 
in several plants.

Biogas/biomethane Biogas is a gaseous mixture of meth-
ane and carbon dioxide produced by the anaerobic diges-
tion (or breakdown by microorganisms in the absence of 
oxygen) of organic matter, such as agricultural and food 
industry wastes, sewage sludge, and organic components 
of municipal solid wastes. It is combusted to produce 
heat and/or power. A biogas digester is the unit in which 
organic material and/or waste is converted into biogas. 
Biogas can be transformed into biomethane (similar to 
natural gas and derived by removing impurities—includ-
ing carbon dioxide, siloxanes, and hydrogen sulphides—
from biogas), which can be injected into natural gas 
networks and used as a substitute for natural gas. 

Biomass energy/bioenergy The term biomass energy/
bioenergy refers to energy derived from biomass. Bio-
mass is any material of biological origin, excluding fossil 
fuels or peat. Biomass can take many forms, includ-
ing liquid biofuels, biogas, biomethane, solid biomass 
derived from dedicated energy plantations, wastes and 
residues from industrial processes (e.g., agriculture and 
forestry), and wet as well as solid municipal waste.

Biomass pellets A solid biomass fuel produced by com-
pressing pulverized dry biomass, such as waste wood 
and agricultural residues. Pellets are typically cylindrical 
in shape with a diameter of around 1 centimetre and 
a length of 3–5 centimetres. Wood pellets are easy to 
handle, store, and transport and are used as fuel for heat-
ing and cooking applications, as well as for electricity 
generation and combined heat and power.

Briquetting The process of producing briquettes, which 
are similar to wood pellets but physically much larger 
with a diameter of 5–10 centimetres and a length of 6–15 
centimetres and less easy to handle automatically. They 
can be used as a substitute for fuelwood logs.

Capital subsidy, consumer grant, rebate One-time pay-
ments by a utility, government agency, or government-
owned bank to cover a share of the capital cost of an 
investment in a renewable energy asset such as a solar 
water heater or a solar PV system.

Combined heat and power (CHP)/Cogeneration plants 
Facilities that produce both heat and power from fossil 
fuel combustion, and also from biomass fuel combustion 
and geothermal and solar thermal resources. The term 
is also used to refer to plants that recover “waste heat” 
that otherwise would be discarded from thermal power 
generation processes. 

Concentrating solar power (CSP) Systems that use mir-
rors or lenses to concentrate solar thermal energy (ra-
diation) into a smaller area, thereby converting the sun’s 
incoming light energy to heat to drive a heat engine—
usually a steam turbine or Stirling engine—in order to 
generate electricity. The majority of capacity in operation 
is based on the parabolic trough design, which uses a 
parabolic sun-tracking reflector to concentrate light on a 
receiver tube filled with fluid that is heated to tempera-
tures generally between 150 and 350°C. Solar power 
towers use thousands of mirrors to track, capture, and 
focus the sun’s thermal energy on a central tower, heat-
ing molten salt, which is pumped to a steam generator to 
drive a standard turbine. Dish systems focus sunlight into 
a central receiver in a large, reflective, parabolic dish; the 
receiver captures the heat and transforms it into useful 
energy using a Stirling engine. Linear Fresnel systems 
use flat mirror strips to concentrate sunlight onto a fixed 
absorber and into thermal fluid that goes through a heat 
exchanger to power a steam generator.

Concentrating photovoltaics (CPV) Technology that uses 
mirrors or lenses to focus sunlight onto a small area of 
photovoltaic cells to generate electricity (see Photovolta-
ics). Low, medium, and high concentration CPV systems 
(depending on the design of reflectors or lenses used) 
operate most efficiently in concentrated, direct sunlight. 

ENERGY The ability to do work, which comes in a number 
of forms including thermal, radiant, kinetic and electri-
cal. Primary energy is the energy embodied in (energy 
potential of) natural resources, such as coal, natural 
gas, and renewable sources. Final energy is the energy 
delivered to end-use facilities (such as electricity to an 
electrical outlet), where it becomes usable energy and 
can provide services such as lighting, refrigeration, etc.w.

Ethanol (fuel) A liquid fuel made from biomass (typical-
ly corn, sugar cane, or small cereals/grains) that can re-
place gasoline in modest percentages for use in ordinary 
spark ignition engines (stationary or in vehicles), or that 
can be used at higher blend levels (usually up to 85% 
ethanol, or 100% in Brazil) in slightly modified engines 
such as those provided in “flex-fuel vehicles” that can run 
on various fuel blends or on 100% gasoline.

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

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

Geothermal energy Heat energy emitted from within the 
Earth’s crust, usually in the form of hot water or steam. 
It can be used to generate electricity or provide direct 
heat for buildings, industry, and agriculture. In addition, 
ground-source heat pumps use shallow geothermal heat 
(up to around 20 metre depth, also deemed to be stored 
solar heat) to heat and cool water and space. Technically 
similar to a refrigerator, a ground-source heat pump 
transfers heat from a colder to a hotter place, and vice 
versa. It uses the earth as a heat source in winter or heat 
sink in the summer. Enhanced geothermal systems (EGS) 
use water- or CO2-based hydraulic stimulation in hot, 
non-permeable rock to enable closed-loop heat extrac-
tion where lack of water and permeability preclude 
cost-effective conventional geothermal projects.

Green energy purchase Voluntary purchase of renewable 
energy, usually electricity, by residential, commercial, 
government, or industrial consumers, either directly 
from an energy trader or utility company, from a third-
party renewable energy generator, or indirectly via 
trading of renewable energy certificates (RECs).

Hydropower Electricity that is derived from the energy of 
water moving from higher to lower elevations. Categories 
of hydropower projects include run-of-river, reservoir-
based capacity, and low-head in-stream technology (the 
least developed). Run-of-river hydro is a regular baseload 
supply, with some flexibility of operation for daily fluc-
tuations in demand through water flow that is regulated 
by that facility. Pumped storage plants pump water from 
a lower reservoir to a higher storage basin using surplus 
electricity, and reverse the flow to generate electricity 
when needed; they are not energy sources but means 
of energy storage. Hydropower covers a continuum in 
project scale from large (usually defined as more than 
10 MW installed capacity, but the definition varies by 
country) to small-, mini-, micro-, and pico-.

Investment In this report total new investment in renew-
able energy includes venture capital and private equity, 
equity raised through public markets, corporate and 
government research and development spending, and 
asset financing (all money invested in renewable energy 
generation projects). 

Investment tax credit A taxation measure that allows 
investments in renewable energy to be fully or partially 
deducted from the tax obligations or income of a project 
developer, industry, building owner, etc.

Joule/Kilojoule/Megajoule/Gigajoule/Terajoule/
Petajoule/Exajoule A joule (J) is a unit of work or energy 
and is equal to the energy expended to produce one watt 
of power for one second. (For example, one joule is equal 
to the energy required to lift an apple straight up one 
metre; the energy released as heat by a person at rest is 
about 60 J per second.) A kilojoule (KJ) is a unit of energy 
equal to one thousand (103) joules; a megajoule (MJ) is 
one million (106) joules; a gigajoule (GJ) is one billion 
(109) joules; and so on. Approximately 6 GJ represent the 
amount of potential chemical energy stored in one barrel 
of oil, and released when combusted. 

Mandate/obligation A measure that requires designated 
parties (consumers, suppliers, generators) to meet a 
minimum, and often gradually increasing, target for 
renewable energy such as a percentage of total supply or 
a stated amount of capacity. Costs are generally borne by 
consumers. In addition to renewable electricity portfolio 
standards/quotas, mandates can include building codes 
or obligations that require the installation of renewable 
heat or power technologies (often in combination with 
energy efficiency investments); renewable heat purchase 
requirements; and requirements for blending biofuels 
into transportation fuel.

Modern biomass energy Energy derived from solid, liq-
uid, and gaseous biomass fuels for modern applications, 
such as space heating, electricity generation, combined 
heat and power, and transportation (as opposed to 
traditional biomass energy). Modern bioenergy involves 
direct combustion of biomass or conversion of biomass 
into more convenient fuels—for example, pyrolysis 
and gasification of solid biomass to produce liquid and 
gaseous fuels; anaerobic digestion of suitable biomass 
materials to produce biogas; transesterification of 
vegetable oils to produce biodiesel; and fermentation of 
sugar to ethanol.

Net metering A power supply arrangement that allows a 
two-way flow of electricity between the electricity distri-
bution grid and customers who have installed their own 
generation system. The customer pays only for the net 
electricity delivered from the utility (total consumption 
minus self-production). A variation that employs two 
meters with differing tariffs for purchasing electricity or 
exporting excess electricity off-site is called “net billing.”

Ocean energy Energy that can be captured from ocean 
waves (generated by wind passing over the surface), 
tides, salinity gradients, and ocean temperature dif-
ferences. The technologies covered in this report tap 
the energy potential of waves and tides. Wave energy 
converters capture the energy of ocean surface waves 
to generate electricity. Tidal stream generators use 
the kinetic energy of moving water to power turbines, 
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similarly to wind turbines capturing wind to generate 
electricity. Tidal barrages are essentially dams that 
cross tidal estuaries and make use of potential energy 
in the height differences between high tides (when sea 
level rises and the basin behind the dam fills) and low 
tides (when water is released through turbines to create 
electrical power as it recedes).

Production tax credit A taxation measure that provides 
the investor or owner of a qualifying property or facility 
with an annual tax credit based on the amount of renew-
able energy (electricity, heat, or biofuel) generated by 
that facility.

Public competitive bidding An approach under which 
public authorities organize tenders for a given quota of 
renewable energy supply or capacity, and remunerate 
winning bids at prices that are typically above standard 
market levels.

Regulatory policy A rule to guide or control the conduct 
of those to whom it applies. In the renewable energy 
context, examples include mandates or quotas such as 
renewable portfolio standards, feed-in tariffs, biofuel 
blending mandates, and renewable heat obligations.

Renewable energy target An official commitment, plan, 
or goal set by a government (at local, state, national, or 
regional level) to achieve a certain amount of renewable 
energy by a future date. Some targets are legislated while 
others are set by regulatory agencies or ministries.

Renewable portfolio standard (RPS) (also called renew-
able obligation or quota) A measure requiring that a 
minimum percentage of total electricity or heat sold, or 
generation capacity installed, be provided using renew-
able energy sources. Obligated utilities are required to 
ensure that the target is met; if it is not, a fine is usually 
levied.

Solar home system (SHS) A small solar PV panel, battery, 
and charge controller that can provide modest amounts 
of electricity to homes, usually in rural or remote regions 
that are not connected to the electricity grid. 

Solar pico system (SPS) A very small solar home 
system—such as a solar lamp or an information and 
communication technology (ICT) appliance—with a 
power output of 1–10 W that typically has a voltage up  
to 12 volt.

Solar photovoltaics (PV) A PV cell is the basic manufac-
tured unit that converts sunlight into electricity. Cells can 
be used in isolation (such as on a wristwatch or garden 
light) or combined and manufactured into modules and 
panels that are suitable for easy installation on buildings. 
Thin-film solar PV materials can be applied as films over 
existing surfaces or integrated with building compo-
nents such as roof tiles. Some materials can be used for 
building-integrated PV (BIPV) by replacing conventional 
materials in parts of a building envelope, such as the roof 
or façade.

Solar water HEATERS Solar collectors, usually rooftop 
mounted but also on-ground at a larger scale, that heat 
water and store it in a tank for later use as hot water or 
for circulation to provide space or process heating.

Renewable energy certificate (REC) A certificate 
awarded to certify the generation of one unit of renew-
able energy (typically 1 MWh of electricity but also less 
commonly of heat). In systems based on RECs, certifi-
cates can be accumulated to meet renewable energy 
obligations and also provide a tool for trading among 
consumers and/or producers. They also are a means of 
enabling purchases of voluntary green energy.

Thermosiphon solar water heater A thermosiphon solar 
water heater relies on the physical principle that hot 
water rises so does not require a pump. In such a system, 
the solar collector must be located below the hot water 
storage tank in order to work.

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

Torrefied wood Solid fuel, often in the form of pellets, 
produced by heating wood to 200–300 oC in restricted 
air. It has useful characteristics for a solid fuel including 
relatively high energy density, good grindability into 
pulverised fuel, and water repellency.

Watt/Kilowatt/Megawatt/Gigawatt/Terawatt-hour A 
watt is a unit of power that measures the rate of energy 
conversion or transfer. A kilowatt is equal to one thou-
sand (103) watts; a megawatt to one million (106) watts; 
a gigawatt is 109 watts; and a terawatt is 1012 watts. A 
megawatt electrical (MWe) is used to refer to electric 
power, whereas a megawatt thermal (MWth) refers to 
thermal/heat energy produced. Power is the rate at 
which energy is consumed or generated. For example, a 
lightbulb with a power rating of 100 watts (W) that is on 
for one hour consumes 100 Watt-hours (Wh) of energy, 
0.1 kilowatt-hour (kWh), or 360 kilojoules (kJ). This 
same amount of energy would light a 25 W bulb for four 
hours. A kilowatt-hour is the amount of energy equiva-
lent to steady power of 1 kW operating for one hour.
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NMethodological  Notes

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

1. Capacity versus energy data 

The section on Global Markets and Industry by Tech-
nology includes energy produced and/or consumed 
(i.e., kWh, MWh, GWh, TWh) data where possible but 
focuses mainly on capacity (i.e., kW; MW, GW) data. This 
is because capacity data is the only thing that can be 
measured with any degree of certainty. Actual genera-
tion figures may only be available 12 months or more 
after the fact, and sometimes not at all. For countries or 
technologies where updated annual data are not avail-
able, it is easier to extrapolate the expansion of capacity 
from year to year than the production of renewable en-
ergy. In addition, capacity data better mimic investment 
trends over time. (For a better sense of average energy 
production from a specific technology or source in a 
given environment, see capacity factors in Table 2.) For 
heating, output is provided in joules where production 
data are available; otherwise, capacity data are given in 
Watts-thermal (Wth). Biofuel data are provided as annual 
volumes (billion litres/year) produced.

2. Constructed capacity versus connected  
capacity and operational capacity

Over the past few years, the solar PV and wind mar-
kets have seen increasing amounts of capacity that was 
connected but not yet deemed officially operational, or 
constructed capacity that was not connected to the grid 
by year-end (and, in turn, capacity that was installed in 
one year and connected to the grid during the next). This 
phenomenon has been particularly evident from 2009 to 
2011 for wind power installations in China (especially 
as it was the market leader) and increasingly also with 
solar PV, notably in France and Italy. Various sources 
use different time lines and methodologies for counting. 
Further, differences in figures for constructed, connected, 
and operational capacities are temporal and are also due 
to the rapid pace of deployment. In some cases, instal-
lations have kept well ahead of the ability, willingness 
and/or legal obligation of grid connection, and/or have 
overshot official capacity limits. This situation will likely 

continue to make detailed annual statistics collection 
problematic in the fastest growing markets, and as long 
as frequent changes to support frameworks and/or tech-
nical and legal frameworks for grid connection remain 
under discussion.

In past editions, the Renewables Global Status Report has 
focused primarily on constructed capacity because it best 
correlates with flows of capital investments during the 
year. Starting with this edition, and particularly for the 
solar PV section, the focus is shifting to capacity that has 
become operational—connected and feeding electricity 
into the grid (or generating electricity, if off-grid installa-
tions)—during the calendar year (January to December),  
even if some of this capacity was installed during the 
previous year. The reason for this is the sources that the 
GSR draws from often have varying methodologies for 
counting installations, and most official bodies report 
grid connection statistics, at least with regard to solar PV. 
As a result, in many countries the data for actual instal-
lations is becoming increasingly difficult to obtain. Some 
renewable industry groups, including the European 
Photovoltaic Industry Association and the Global Wind 
Energy Councili, are shifting toward tracking and report-
ing on operational/grid-connected rather than installed 
capacities.

As a result, some capacity that was installed in 2010 is 
counted as newly connected capacity in 2011; and some 
capacity installed during 2011 that was not operational/
grid-connected by year-end will be counted for 2012. 
This has an impact on reported growth rates. For solar 
PV, considering installed capacity rather than operational 
capacity would result in a lower relative growth rate for 
2011 than that presented in this report, and a higher 
growth rate for 2010; however, the five-year growth 
rate remains unchanged. The situation with wind power 
in China has been somewhat different because, report-
edly, most installed capacity was connected and feeding 
power into the grid at the end of the calendar year in 
2010 and 2011, even though a significant amount of new 
capacity had not yet been commercially certified by year-
end. The situation in China is not likely to persist due to 
recent changes in permitting regulations.

NOTE ON ACCOUNTING AND REPORTING

i �For example, see European Photovoltaic Industry Association, Global Market Outlook for Photovoltaics Until 2016 (Brussels: May 2012), at 
http://files.epia.org/files/Global-Market-Outlook-2016.pdf. Also, the Global Wind Energy Council (GWEC) reported 569 MW cumulative 
installed capacity in Mexico at the end of 2011, with an annual market of only 50 MW, even though an additional 304 MW were completed by 
year-end, because this capacity was not fully grid-connected until early 2012, see GWEC, Global Wind Report, Annual Market Update 2011 
(Brussels: 2012).



168

N Methodological  Notes

3. Biomass Power Capacity

This report strives to provide the best available data 
regarding biomass energy developments given existing 
complexities and constraints (see Sidebar 2). In past 
editions of this report, the energy derived from incinera-
tion of the “biogenic”ii or “organic” share of municipal 
solid waste (MSW) was not included in the main text and 
tables (although where official data were specified, they 
were included in relevant Endnotes). Starting with this 
edition of the GSR, capacity and output are included in 
the main text as well as the global biomass power data 
in Reference Tables R1 and R2. This change is due to 
the fact that international databases (e.g., IEA, U.S. EIA, 
EU) now track and report the biogenic portion of MSW 
separately from other MSW. The GSR comes as close as 
possible to covering this source on a global level; as a re-
sult, the global biomass power statistics differ from past 
statistics and thus should not be compared directly to 
those in previous editions of this report. Note that defini-
tions vary slightly from one source to another, and it is 
not possible to ensure that all reported biogenic/organic 
MSW falls under the same definition.

4. Hydropower data and treatment of pumped storage

Starting with this edition, the GSR attempts to report 
hydropower generating capacity without including pure 
pumped storage capacity (the capacity used solely for 
shifting water between reservoirs for storage purposes). 
The distinction is made because pumped storage is not 
an energy source but rather a means of energy storage; 
as such, it involves conversion losses and is potentially 
fed by all forms of energy, renewable and non-renewable. 
(As noted in Sidebar 3, however, pumped storage can 
play an important role as balancing power, in particular 
for balancing variable renewable resources.) 

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

In this 2011 edition, the removal of pumped storage 
capacity data from hydropower statistics has a substan-
tial impact on reported global hydropower capacity, and 
therefore also on total global renewable electric gener-
ating capacity, relative to past editions of the GSR. As a 
result, the global statistics in this report should not be 
compared with prior data for total hydropower and total 
generating capacity. (Note, however, that the capacity 
data for 2009 and 2010 in the Selected Indicators Table 
on page 19 account for this change in methodology.) Data 
for non-hydro renewable capacity remain unaffected by 
this change. For future editions of the GSR, ongoing ef-
forts are being made to further improve data.

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

NOTE ON ACCOUNTING AND REPORTING (CONTINUED)



169

RE
NE

WABL


E
S 

20
12

 G
LO

BAL
 

ST
AT

US
 R

EP
OR

T

N

This 2012 report edition follows six previous editions of 
the Renewables Global Status Report (produced in 2005, 
2006, 2007, 2009, 2010, and 2011). While the knowledge 
base of information used to produce these reports con-
tinues to expand with each passing year, along with the 
renewables industries and markets themselves, readers 
are directed to the previous report editions for historical 
details and elaborations that have formed the foundation 
for the present report.

Most data for national and global capacity, growth, and 
investment portrayed in this report are estimates and 
are rounded as appropriate. Endnotes provide additional 
details. Where necessary, information and data that are 
conflicting, partial, or older are reconciled by using rea-
soned judgment and historical growth trends.

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

Generally, there is no single exhaustive source of in-
formation for global statistics. Some global aggregates 
must be built from the bottom up, adding or aggregating 
individual country information. Very little material exists 
that covers developing countries as a group, for example. 
Data for developing countries are often some years older 
than data for developed countries, and thus extrapola-
tions to the present must be made from older data, based 
on assumed and historical growth rates. More precise an-
nual increments to capacity are generally available only 
for wind, solar PV, and solar hot water. 

NOTE ON FURTHER INFORMATION AND SOURCES OF DATA 
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ENERGy CONvERSION FaCTORS

POwER CONvERSION FaCTORS (ElECTRICal aNd ThERMal)

OThER CONvERSION FaCTORS

n EThaNOl vOluME:  Ethanol data have been converted from 
cubic metres (m3) into litres (L) using a conversion 
ratio of 1,000 L per m3.

n bIOdIESEl MaSS: Biodiesel data have been converted from 
litres (L) into kilograms (kg) using a density of 0.88 kg/L.

n SOlaR ThERMal hEaT SySTEMS: Solar thermal heat data 
have been converted by accepted convention, 
1 million m² = 0.7 GWth.

multiply by:

multiply by:

 Tj Gj  Tj Gj  Tj Gj multiply by: Tj Gj multiply by: Gcal Mtoe Mbtu Gwh Mwh

Tj  1 10 1 10 1 10 1 10 1 10 1 10-3 238.8 2.388 x 10 238.8 2.388 x 10 238.8 2.388 x 10-5 947.8 0.2778 277.8 947.8 0.2778 277.8 947.8 0.2778 277.8 947.8 0.2778 277.8 947.8 0.2778 277.8 947.8 0.2778 277.8

Gj  10 103 1 238.8 x 2.388 x 947.8 x  0.2778 x 277.8 x 1 238.8 x 2.388 x 947.8 x  0.2778 x 277.8 x 1 238.8 x 2.388 x 947.8 x  0.2778 x 277.8 x 1 238.8 x 2.388 x 947.8 x  0.2778 x 277.8 x 1 238.8 x 2.388 x 947.8 x  0.2778 x 277.8 x 1 238.8 x 2.388 x 947.8 x  0.2778 x 277.8 x 1 238.8 x 2.388 x 947.8 x  0.2778 x 277.8 x 1 238.8 x 2.388 x 947.8 x  0.2778 x 277.8 x 1 238.8 x 2.388 x 947.8 x  0.2778 x 277.8 x 1 238.8 x 2.388 x 947.8 x  0.2778 x 277.8 x 1 238.8 x 2.388 x 947.8 x  0.2778 x 277.8 x 1 238.8 x 2.388 x 947.8 x  0.2778 x 277.8 x
   10   10   10   10   10   10   10-3 10 10-8 10 10-3  10  10-3 10 10 10 10-3

Gcal  4.1868 x 10 4.1868 x 10-3 4.1868 1 10-7 3.968 1.163 x 10 4.1868 1 10-7 3.968 1.163 x 10 4.1868 1 10-7 3.968 1.163 x 10 4.1868 1 10-7 3.968 1.163 x 10 4.1868 1 10-7 3.968 1.163 x 10 4.1868 1 10-7 3.968 1.163 x 10 4.1868 1 10-7 3.968 1.163 x 10-3 1.163 1.163 1.163 1.163

Mtoe  4.1868 x 10 4.1868 x 104 4.1868 x 10 4.1868 x 107 107 1 3.968 x 107 1.163 x 10 107 1 3.968 x 107 1.163 x 10 107 1 3.968 x 107 1.163 x 10 107 1 3.968 x 107 1.163 x 10 107 1 3.968 x 107 1.163 x 10 107 1 3.968 x 107 1.163 x 10 107 1 3.968 x 107 1.163 x 10 107 1 3.968 x 107 1.163 x 104 1.163 x 10 1.163 x 10 1.163 x 10 1.163 x 107

Mbtu  1.0551 x 10 1.0551 x 10-3 1.0551 0.252 2.52 x 10 1.0551 0.252 2.52 x 10 1.0551 0.252 2.52 x 10 1.0551 0.252 2.52 x 10-8 1 2.931 x 10 1 2.931 x 10 1 2.931 x 10 1 2.931 x 10 1 2.931 x 10 1 2.931 x 10-4 0.2931 0.2931 0.2931 0.2931

Gwh  3.600 3.600 x 10 3.600 3.600 x 10 3.600 3.600 x 103 859.8 859.8 x 10 859.8 859.8 x 10 859.8 859.8 x 10-7 3.412 x 10 3.412 x 103 1 103 1 103 1 103 1 103 1 103 1 103 1 103 1 103 1 103

Mwh  3.600 x 10 3.600 x 10-3 3.600 0.8598 0.8598 x 10 3.600 0.8598 0.8598 x 10 3.600 0.8598 0.8598 x 10 3.600 0.8598 0.8598 x 10-7 3.412 10 3.412 10 3.412 10-3 1 1 1 1 1

kw Mw Gww Mw Gww Mw Gw

kw  1 10 1 10 1 10 1 10 1 10 1 10-3 10 10-6

Mw  10 103 1 10 1 10 1 10 1 10 1 10 1 10-3

Gw  10 106 10 103 1 1 1
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lIST OF abbREvIaTIONS

BNEF Bloomberg New Energy Finance

CHP combined heat and power

CO2 carbon dioxide

CPV concentrating solar photovoltaics

CSP  concentrating solar (thermal) power

EJ exajoule

EU  European Union (specifically the EU-27)

EV  electric vehicle

FIT  feed-in tariff

GACC  Global Alliance for Clean Cookstoves

GHG  greenhouse gas

GJ  gigajoule

GSR  Renewables Global Status Report

GW/GWh  gigawatt/gigawatt-hour

kW/kWh  kilowatt / kilowatt-hour

m2  square metre

mtoe  million tonne s of oil equivalent

MW/MWh  megawatt/megawatt-hour

MSW  municipal solid waste

NGO  non-governmental organisation

OECD  Organisation for Economic 
 Co-operation and Development

PJ  petajoule

PV  solar photovoltaics

REN21  Renewable Energy Policy Network 
 for the 21st Century

RPS  renewable portfolio standard

SHS  solar home system

SPS solar pico system

TJ  terajoule

TW/TWh  terawatt/terawatt-hour
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