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FOREWORD

In June 2004, delegates from 154 countries gathered in
Bonn, Germany, for the world’s first government-hosted
international conference on renewable energy. Global
perceptions of renewables have shifted considerably
over the past decade. Continuing technology advances
and rapid deployment of many renewable energy
their immense

technologies have demonstrated

potential.

Today, renewables are seen not only as sources of
energy, but also as tools to address many other pressing
needs, including: improving energy security; reducing
the health and environmental impacts associated with
fossil and nuclear energy; mitigating greenhouse gas
emissions; improving educational opportunities; creating

jobs; reducing poverty; and increasing gender equality.

Renewables have entered the mainstream. This is
welcome news as we begin the Decade of Sustainable
Energy for All (SE4ALL), mobilising towards universal
access to modern energy services, improved rates of
energy efficiency, and expanded use of renewable energy
sources by 2030. While this year’s Renewables Global
Status Report (GSR) clearly documents advancements
in the uptake of renewables, it also demonstrates that
we need to move faster and more deliberately if we are to
double the share of renewables in the global energy mix
and ensure access to clean and sustainable energy for
all people by 2030.

The past decade has also seen the evolution of REN21
and its community into a robust, dynamic, international
network of renewable energy experts. The collective
work of REN21’s contributors, researchers, and authors
has made the GSR the most frequently referenced

report on renewable energy market, industry, and

REN21

policy trends. Special thanks go to the ever-growing
network of contributors, including authors, researchers,
and reviewers, who participated in this year’s process
and helped make the GSR a truly international and
collaborative effort.

On behalf of the REN21 Secretariat, | would like to thank
all of those who ensured the successful production of
GSR 2014. These people include lead author/research
director Janet Sawin, the section authors, GSR project
manager Rana Adib, and the entire team at the REN21
Secretariat, under the leadership of REN21’s Executive

Secretary Christine Lins.

The past decade has set the wheels in motion for a
global transition to renewables, but a concerted and
sustained effort is needed to achieve it. With increasingly
ambitious targets and innovative policies, renewables
can continue to surpass expectations and create a
clean and sustainable energy future. As this year’s GSR
clearly demonstrates, the question is no longer whether
renewables have a role to play in the provision of energy
services, but rather how we can best increase the
current pace to achieve a 100% renewables future with
full energy access for all.

Arthouros Zervos

Chairman of REN21

Renewable Energy
Policy Network
for the 21st Century
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RENEWABLE ENERGY POLICY
NETWORK FOR THE 21** CENTURY

RENZ21 is the global renewable energy policy multi-stakeholder network that
connects a wide range of key actors. REN21’s goal is to facilitate knowledge
exchange, policy development and joint action towards a rapid global transition

to renewable energy.

RENZ21 brings together governments, nongovernmental organisations, research
and academic institutions, international organisations and industry to learn from
one another and build on successes that advance renewable energy. To assist
policy decision making, REN21 provides high quality information, catalyses

discussion and debate and supports the development of thematic networks.
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PROVIDE HIGH-QUALITY INFORMATION TO
DRIVE INFORMED POLICY DECISIONS

Using its multi-stakeholder network, RENZ21 facilitates the
collection of comprehensive and timely information on renewable
energy. This information reflects diverse viewpoints from both
private and public sector actors, serving to dispel myths about
renewable energy and catalysing policy change.

Renewables Global Status Report (GSR)

Firstreleased in 2005, REN21's Renewables Global Status Report
(GSR) has grown to become a truly collaborative effort, drawing
on an international network of over 500 authors, contributors,
and reviewers. Today it is the most frequently referenced report
on renewable energy market, industry, and policy trends.

Thematic Reports

REN21 produces thematic reports which aim to provide in-depth
analysis about a topic and stimulate discussion:

Renewables Global Futures Report (GFR)

Local Renewable Energy Policies Status Report

10 Years of Accelerating the Global Energy Transition
Mini-Grid Policy Toolkit

Regional Reports

These reports detail the renewable energy developments of a
particular region; their production also supports regional data
collection processes and informed decision making.

Renewables Interactive Map

The Renewables Interactive Mapisaresearchtool fortrackingthe
development of renewable energy worldwide. It complements
the perspectives and findings of the GSR by providing constantly
updated market and policy information and detailed exportable
country profiles.

Renewable Energy

Policy Network

for the 21st Century
~

INITIATE DISCUSSION AND DEBATE
TO DRIVE POLITICAL COMMITMENT

International Renewable Energy Conferences (IRECs)

The International Renewable Energy Conference (IREC) is a
high-level political conference series. Dedicated exclusively to
the renewable energy sector, the biennial IREC is hosted by a
national government and convened by REN21. SAIREC 2015 will
be held in South Africa, 4—7 October 2015.

Renewables Academy

The REN21 Renewables Academy provides an opportunity
for lively exchange among the growing community of REN21
contributors. It offers a venue to brainstorm on future-orientated
policy solutions and allows participants to actively contribute on
issues central to the renewable energy transition.

Thematic workshops, panel discussions and webinars

REN21 convenes and participates in a series of workshops, panel
discussions, and webinars to spread information on renewable
energy globally.

STRENGTHEN AND LEVERAGE REN21'S
MULTI-STAKEHOLDER BASE

Broad dissemination of activities of the REN21 Secretariat as
well as network members through four editions of the REN21
newsletter.

In-depth information for members through the REN21
newswire.

Dynamic interaction with key institutional partners such as
IEA, IRENA, SE4ALL, and UNEP.

Global Futures Report

Indian Renewable Global Status Report ECOWAS Status Report
Energy Status on Local Renewable MENA Renewable on Renewable Energy
Report Energy Policies Energy Status Report & Energy Efficiency
2010 2011 2012 2013 2014 2015
) ) N ) ) )
() () (Y () () \
DIREC, ADIREC, First REN21 SAIREC,
Delhi Abu Dhabi Renewables South Africa
International International Academy, Internationa
Renewable Energy Renewable Energy Bonn Renewable Energy
Conference Conference Conference
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The Global Trends in Renewable Energy Investment

report (GTR), formerly Global Trends in Sustainable Energy
Investment, was first published by the Frankfurt School —
UNEP Collaborating Centre for Climate & Sustainable Energy
Finance in 2011. This annual report was produced previously
(starting in 2007) under UNEP’s Sustainable Energy Finance
Initiative (SEFI). It grew out of efforts to track and publish
comprehensive information about international investments in
renewable energy according to type of economy, technology,
and investment.

The GTR is produced jointly with Bloomberg New Energy Finance
and is the sister publication to the REN21 Renewables Global
Status Report (GSR). The latest edition was released in April 2014
and is available for download at www.fs-unep-centre.org.
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The Renewables Global Status Report provides a comprehensive and timely overview
of renewable energy market, industry, investment, and policy developments worldwide. It
enables policymakers, industry, investors, and civil society to make INFORMED DECISIONS.

The report covers recent developments, current status, and key trends; by design, it does
not provide analysis or forecast.

The Renewables Global Status Report relies on UP-TO-DATE RENEWABLE ENERGY DATA,
provided by an INTERNATIONAL NETWORK of more than 500 contributors, researchers,
and authors.
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EXECUTIVE SUMMARY

In June 2004, delegates from 154 countries converged in Bonn,
Germany, for the world’s first government-hosted international
conference on renewable energy. REN21 emerged from that
process to become the first international organisation to track
renewable energy developments. At that time, there were visible
upwards trends in global renewable energy capacity and output,
investment, policy support, investment, and integration. Yet
even ambitious projections did not anticipate the extraordinary
expansion of renewables that was to unfold over the decade
ahead.

Global perceptions of renewable energy have shifted
considerably since 2004. Over the last 10 years, continuing
technology advances and rapid deployment of many renewable
energy technologies have demonstrated that their potential can
be achieved. Renewables advanced further towards realising
that potential during 2013.

CONTINUED RENEWABLE ENERGY GROWTH

Renewable energy provided an estimated 19% of global final
energy consumption in 2012," and continued to grow in 2013.
Of this total share in 2012, modern renewables accounted for
approximately 10%, with the remainder (estimated at just over
9%) coming from traditional biomass."Heat energy from modern
renewable sources accounted for an estimated 4.2% of total final
energy use; hydropower made up about 3.8%, and an estimated
2% was provided by power from wind, solar, geothermal, and
biomass, as well as by biofuels.

The combined modern and traditional renewable energy share
remained about level with 2011, even as the share of modern
renewables increased. This is because the rapid growth in
modern renewable energy is tempered by both a slow migration
away from traditional biomass and a continued rise in total global
energy demand.

As renewable energy markets and industries mature, they
increasingly face new and different challenges, as well as a wide
range of opportunities. In 2013, renewables faced declining
policy support and uncertainty in many European countries and
the United States. Electric grid-related constraints, opposition
in some countries from electric utilities concerned about rising
competition, and continuing high global subsidies for fossil fuels
were also issues. Overall—with some exceptions in Europe
and the United States—renewable energy developments were
positive in 2013.

Markets, manufacturing, and investment expanded further
across the developing world, and it became increasingly evident
that renewables are no longer dependent upon a small handful
of countries. Aided by continuing technological advances, falling
prices, and innovations in financing—all driven largely by policy
support—renewables have become increasingly affordable for
a broader range of consumers worldwide. In a rising number of
countries, renewable energy is considered crucial for meeting
current and future energy needs.

i - Note that it is not possible to provide 2013 shares due to a lack of data.

As markets have become more global, renewable energy
industries have responded by increasing their flexibility,
diversifying their products, and developing global supply
chains. Several industries had a difficult year, with consolidation
continuing, particularly for solar energy and wind power. But
the picture brightened by the end of 2013, with many solar
photovoltaics (PV) and wind turbine manufacturers returning to
profitability.

The most significant growth occurred in the power sector, with
global capacity exceeding 1,560 gigawatts (GW), up more
than 8% over 2012. Hydropower rose by 4% to approximately
1,000 GW, and other renewables collectively grew nearly 17%
to more than 560 GW. For the first time, the world added more
solar PV than wind power capacity; solar PV and hydropower
were essentially tied, each accounting for about one-third of
new capacity. Solar PV has continued to expand at a rapid rate,
with growth in global capacity averaging almost 55% annually
over the past five years. Wind power has added the most
capacity of all renewable technologies over the same period.
In 2013, renewables accounted for more than 56% of net
additions to global power capacity and represented far higher
shares of capacity added in several countries.

Over the past few years, the levelised costs of electricity
generation from onshore wind and, particularly, solar PV have
fallen sharply. As a result, an increasing number of wind and
solar power projects are being built without public financial
support. Around the world, major industrial and commercial
customers are turning to renewables to reduce their energy
costs while increasing the reliability of their energy supply.
Many set ambitious renewable energy targets, installed and
operated their own renewable power systems, or signed power
purchase agreements to buy directly from renewable energy
project operators, bypassing utilities.

By the end of 2013, China, the United States, Brazil, Canada,
and Germany remained the top countries for total installed
renewable power capacity; the top countries for non-hydro
capacity were again China, the United States, and Germany,
followed by Spain, Italy, and India. Among the world’s top 20
countries for non-hydro capacity, Denmark had a clear lead for
total capacity per capita. Uruguay, Mauritius, and Costa Rica
were among the top countries for investment in new renewable
power and fuels relative to annual GDP.

Inthe heating and cooling sector, trends included the increasing
use of renewables in combined heat and power plants; the
feeding of renewable heating and cooling into district systems;
hybrid solutions in the building renovation sector; and the
growing use of renewable heat for industrial purposes. Heat
from modern biomass, solar, and geothermal sources accounts
forasmall but gradually rising share of final global heat demand,
amounting to an estimated 10%. The use of modern renewable
technologies for heating and cooling is still limited relative to
their vast potential.

ii - Note that there is debate about the sustainability of traditional biomass, and whether it should be considered renewable, or renewable only if it comes from a

sustainable source.
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The growth of liquid biofuels has been uneven in recent years,
but their production and use increased in 2013. There is also
growing interest in other renewable options in the transport
sector. The year saw a continued rise in the use of gaseous
biofuels (mainly biomethane) and further development of hybrid
options (e.g., biodiesel-natural gas buses, and electric-diesel
transport). There are limited but increasing initiatives to link
electric transport systems with renewable energy, particularly at
the city and regional levels.

Some highlights of 2013 include:

In the European Union, renewables represented the majority
of new electric generating capacity for the sixth consecutive
year. The 72% share in 2013 is in stark contrast to a decade
earlier, when conventional fossil generation accounted
for 80% of new capacity in the EU-27 plus Norway and
Switzerland.

Even as global investment in solar PV declined nearly 22%
relative to 2012, new capacity installations increased by about
32%.

China’s new renewable power capacity surpassed new fossil
fuel and nuclear capacity for the first time.

Variable renewables achieved high levels of penetration in
several countries. For example, throughout 2013, wind power
met 33.2% of electricity demand in Denmark and 20.9% in
Spain; in ltaly, solar PV met 7.8% of total annual electricity
demand.

Wind power was excluded from one of Brazil's national
auctions because it was pricing all other generation sources
out of the market.

Denmark banned the use of fossil fuel-fired boilers in new
buildings as of 2013 and aims for renewables to provide
almost 40% of total heat supply by 2020.

Growing numbers of cities, states, and regions seek to
transition to 100% renewable energy in either individual
sectors or economy-wide. For example, Djibouti, Scotland,
and the small-island state of Tuvalu aim to derive 100% of
their electricity from renewable sources by 2020. Among
those who have already achieved their goals are about 20
million Germans who live in so-called 100% renewable
energy regions.

The impacts of these developments on employment numbers
in the renewable energy sector have varied by country and
technology, but, globally, the number of people working in
renewable industries has continued to rise. An estimated 6.5
million people worldwide work directly or indirectly in the sector.

AN EVOLVING POLICY LANDSCAPE

By early 2014, at least 144 countries had renewable energy
targets and 138 countries had renewable energy support
policies in place, up from the 138 and 127 countries,
respectively, that were reported in GSR 2013. Developing and
emerging economies have led the expansion in recent years and
account for 95 of the countries with support policies, up from 15
in 2005. The rate of adoption remained slow relative to much of
the past decade, due largely to the fact that so many countries
have already enacted policies.

In 2013, there was an increasing focus on revisions to existing
policies and targets, including retroactive changes, with some
adjustments made toimprove policy effectiveness and efficiency,
and others aimed to curtail costs associated with supporting the
deployment of renewables. At the same time, some countries
expanded support and adopted ambitious new targets.

Policy mechanisms continued to evolve, with some becoming
more differentiated by technology. Feed-in policies in many
countries evolved further towards premium payments in the
power sector, and continued to be adapted for use in the heating
sector. Particularly in Europe, new policies are emerging to
advance or manage the integration of high shares of renewable
electricity into existing power systems, including support for
energy storage, demand-side management, and smart grid
technologies.

As in past years, most renewable energy policies enacted or
revised during 2013 focus on the power sector. A mix of regulatory
policies, fiscal incentives, and public financing mechanisms
continued to be adopted. Feed-in policies and renewable
portfolio standards (RPS) remained the most commonly used
support mechanisms, although their pace of adoption continued
to slow. Public competitive bidding, or tendering, gained further
prominence, with the number of countries turning to public
auctions rising from 9in 2009 to 55 as of early 2014.

Although the heating and cooling sector lags far behind the
renewable power sector for attention from policymakers, the
adoption of targets and support policies has increased steadily.
As of early 2014, at least 24 countries had adopted renewable
heating (and cooling) targets, and at least 19 countries had
obligations at the national or state/provincial level. Renewable
heating and cooling is also supported through fiscal incentives,
as well as through building codes and other measures at the
national and local levels in several countries.

As of early 2014, at least 63 countries used regulatory policies to
promote the production or consumption of biofuels for transport;
this was up from the 49 reported in GSR 2013. Some existing
blend mandates were strengthened, and the use of fiscal
incentives and public financing expanded. In some countries,
however, support for first-generation biofuels was reduced
due to environmental and social sustainability concerns.
Although most transport-related policies focus on biofuels,
many governments continued to explore other options such as
increasing the number of vehicles fuelled with biomethane and
electricity from renewable sources.

Thousands of cities and towns worldwide have policies, plans,
and targetsto advance renewable energy, often far outpacing the
ambitions of national legislation. Policy momentum continued in
2013 as city and local governments acted to reduce emissions,
support and create local industry, relieve grid capacity stress,
and achieve security of supply. To accomplish these goals,
they increasingly made use of their authority to regulate, make
expenditure and procurement decisions, facilitate and ease the
financing of renewable energy projects, and influence advocacy
and information sharing. As cities seek to share and scale up best
practices, highlight their commitments to renewable energy,
and account for their achievements, local governments are
increasingly prioritising systematic measurement and reporting
of climate and energy data.
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RENEWABLE ENERGY INDICATORS 2013

START 2004* | END 2012 END 2013

INVESTMENT

New investment (annual)

in renewable power and fuels? billion USD 395 249.5 214.4 (249.4)

Renewable power capacity
(total, not including hydro) c e el el
Renewable power capacity
(total, including hydro) Gw 800 1,440 1,560
Hydropower capacity (total)? GW 715 960 1,000
[ Bio-power capacity GW <36 83 88
[ Bio-power generation TWh 227 350 405
Geothermal power capacity GW 8.9 11.5 12
Solar PV capacity (total) GW 2.6 100 139
Concentrating solar thermal power (total) GW 0.4 2.5 3.4
PR Wind power capacity (total) GW 48 283 318
HEAT
Solar hot water capacity (total)* GWy, 98 282 326
TRANSPORT
[ Ethanol production (annual) billion litres 28.5 82.6 87.2
[ Biodiesel production (annual) billion litres 2.4 23.6 26.3
POLICIES
Countries with policy targets # 48 138 144
Feed-in # 34 97 98

Number of states / provinces / countries

RPS / quota policies
Number of states / provinces / countries e = e 79

Tendering
Number of states / provinces / countries # 8 45 55

Heat obligations / mandates

Number of countries # n/a 19 19

i i i 5
Biofuel obllganons_/ mandates # 10 52 63
Number of countries

! Capacity data are as of the beginning of 2004; other data, such as investment and biofuels production, cover the full year. Numbers are estimates,
based on best available information.

2 Investment data are from Bloomberg New Energy Finance (BNEF) and include all biomass, geothermal, and wind generation projects of more than 1 MW;
all hydro projects of between 1 and 50 MW; all solar power projects, with those less than 1 MW estimated separately and referred to as small-scale projects
or small distributed capacity; all ocean energy projects; and all biofuel projects with an annual production capacity of 1 million litres or more. BNEF estimates that,
including the unreported investments in hydropower projects >50 MW, total new investment in renewable power and fuels was at least USD 249.4 billion in 2013.

3 The GSR 2013 reported a global total of 990 GW of hydropower capacity at the end of 2012; this figure has been revised downward due to better data availability.
Data do not include pumped storage.

4 Solar hot water capacity data include water collectors only; including air collectors, estimated totals are 283.4 GW for 2012 and 330 GW for 2013.

The number for 2013 is a preliminary estimate. Note that past editions of this table have not considered unglazed water collectors.

5 Biofuel mandates include policies at the national or state/provincial level that are listed both under the biofuels obligation/mandate column in Table 3 (Renewable
Energy Support Policies) and in Reference Table R18 (National and State/Provincial Biofuel Blend Mandates). Numbers in the table do not include individual state/
provincial mandates. The 10 countries identified with biofuels mandates in the “Start 2004” column were actually in place as of early 2005, the earliest year for
which data are available.

Note: Renewable power capacity (including and not including hydropower) and hydropower capacity data are rounded to nearest 5 GW; other capacity numbers

are rounded to nearest 1 GW except for global investment, numbers <15, and biofuels, which are rounded to one decimal point. Policy data for 2013 include all

countries identified as of early 2014.
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TOP FIVE COUNTRIES

ANNUAL INVESTMENT / NET CAPACITY ADDITIONS / PRODUCTION IN 2013

Investment in renewable power
and fuels

Share of GDP 2012 (USD) invested!
Geothermal power capacity
Hydropower capacity

Solar PV capacity

CSP capacity

PR Wind power capacity

Solar water heating capacity?
[ Biodiesel production
[ Fuel ethanol production

1

China
Uruguay
New Zealand
China

China

United States

China
China
United States
United States

2

United States
Mauritius
Turkey
Turkey

Japan

Spain
Germany
Turkey

Germany

Brazil

TOTAL CAPACITY OR GENERATION® AS OF END-2013

1

2

3

Japan
CostaRica
United States
Brazil

United States

United Arab
Emirates

United Kingdom
India
Brazil
China

3

4

United Kingdom

South Africa
Kenya
Vietnam

Germany
India

India
Brazil
Argentina

Canada

4

5

Germany
Nicaragua
Philippines
India

United Kingdom
China

Canada
Germany
France

France

5

Renewable power (incl. hydro)
Renewable power (not incl. hydro)

Renewable power capacity
per capita (not incl. hydro)3

2 Biopower generation
Geothermal power
Hydropower*
Hydropower generation*

Concentrating solar thermal
power (CSP)

Solar PV
Solar PV capacity per capita
PR Wind power
ER Wind power capacity per capita

China
China

Denmark

United States
United States
China
China

Spain

Germany
Germany
China

Denmark

United States
United States

Germany
Germany
Philippines
Brazil
Brazil

United States

China
ltaly
United States

Sweden

Brazil
Germany

Portugal
China

Indonesia
United States
Canada

United Arab
Emirates

Italy
Belgium
Germany

Spain

Canada
Spain/ Italy

Spain/Sweden

Brazil

Mexico
Canada
United States

India

Japan
Greece
Spain
Portugal

Germany
India

Austria

India
[taly
Russia

Russia
Algeria

United States
Czech Republic
India

[reland

HEAT

Solar water heating?

Solar water heating
capacity per capita®

Geothermal heat®

China
Cyprus

China

United States
Austria

Turkey

Germany
Israel

Iceland

Turkey
Barbados

Japan

Brazil
Greece

[taly

!Countries considered include only those covered by BNEF; GDP is for 2012 and from the World Bank. The following renewable energy projects are included:
all biomass, geothermal, and wind generation projects of more than 1 MW; all hydropower projects of between 1 and 50 MW; all solar power projects, with
those less than 1 MW estimated separately and referred to as small-scale projects or small distributed capacity; all ocean energy projects; and all biofuel

projects with an annual production capacity of 1 million litres or more.

2 Solar water collector (heating) rankings are for 2012, and are based on capacity of water (glazed and unglazed) collectors only; however, including air collectors
would not affect order. Note that past editions of this table have not considered unglazed water collectors.

3 Per capita renewable power capacity ranking considers only those countries that place among the top 20 worldwide for total installed renewable power

capacity, not including hydropower.

4 Country rankings for hydropower capacity and generation differ because some countries rely on hydropower for baseload supply whereas others use it more to
follow the electric load and match peaks in demand.

5 Not including heat pumps. Rankings are based on a mix of 2010 data and more recent statistics for some countries.

6 Capacity, otherwise noted.

Note: Most rankings are based on absolute amounts of investment, power generation capacity or output, or biofuels production; if done on a per capita, national
GDP, or other basis, the rankings would be quite different for many categories (as seen with per capita rankings for renewable power, solar PV, wind, and solar

water collector capacity).



INVESTMENT FLOWS

Global new investment in renewable power and fuels—not
including hydropower projects >50 megawatts (MW)—was an
estimated USD 214.4 billion in 2013, down 14% relative to 2012
and 23% lower than the record level in 2011. Including the
unreported investments in hydropower projects larger than
50 MW, total new investment in renewable power and fuels was
at least USD 249.4 billion in 2013.

The second consecutive year of decline in investment—after
several years of growth—was due in part to uncertainty over
incentive policies in Europe and the United States, and to
retroactive reductions in support in some countries. Europe’s
renewable energy investment was down 44% from 2012. The
year 2013 also saw an end to eight consecutive years of rising
renewable energy investment in developing countries.

Yet the global decline also resulted from sharp reductions
in technology costs. This was particularly true for solar PV,
which saw record levels of new installations in 2013, despite
a 22% decline in dollars invested. Lower costs and efficiency
improvements made it possible to build onshore wind and solar
PV installations in a number of locations around the world in
2013 without subsidy support, particularly in Latin America.
Considering only net investment in new power capacity,
renewables outpaced fossil fuels for the fourth year running.

Further, despite the overall downward trend in global investment,
there were significant exceptions at the country level. The most
notable was Japan, where investment in renewable energy
(excluding research and development) increased by 80%
relative to 2012 levels. Other countries that increased their
investmentin 2013 included Canada, Chile, Israel, New Zealand,
the United Kingdom, and Uruguay. Despite the overall decline in
China's investment, for the first time ever, China invested more
in renewable energy than did all of Europe combined, and it
invested more in renewable power capacity than in fossil fuels.

Solar power was again the leading sector by far in terms of money
committed during 2013, receiving 53% (USD 113.7 billion) of
total new investment in renewable power and fuels (with 90%
going to solar PV). Wind power followed with USD 80.1 billion.
Asset finance of utility-scale projects declined for the second
consecutive year, but it again made up the vast majority of total
investment in renewable energy, totalling USD 133.4 billion.

Cleanenergy funds (equities) had astrong year, and clean energy
project bonds set a new record in 2013. North America saw the
emergence of innovative yield-oriented financing vehicles, and
crowd funding moved further into the mainstream in a number
of countries. Institutional investors continued to play an
increasing role, particularly in Europe, with a record volume of
renewable energy investment during the year. Development
banks were again an important source of clean energy
investment, with some banks pledging to curtail funding for
fossil fuels, especially coal power.

Renewable Energy
Policy Network

for the 21st Century
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DISTRIBUTED RENEWABLE ENERGY
IN DEVELOPING COUNTRIES

In many parts of the world, the lack of access to modern energy
services continues to impede sustainable development. Recent
assessments suggest that as many as 1.3 billion people still
do not have access to electricity, and more than 2.6 billion
people rely on traditional biomass for cooking and heating.
However, during 2013, people in remote and rural areas of the
world continued to gain access to electricity, modern cooking,
heating and cooling as the installation and use of distributed
renewable energy technologies increased. This expansion was
a direct result of improvements in affordability, inclusion of
distributed energy in national energy policies, greater access to
financing, increased knowledge about local resources, and more-
advanced technologies that can be tailored to meet customers’
specific needs.

Furthermore, increased use of mini-grids supported the spread of
renewable energy-powered electrification in un-electrified peri-
urban and rural areas. Recent technical advances that enable the
integration of renewables in mini-grid systems, combined with
information and communication technology (ICT) applications
for power management and end-user services, have allowed for
arapid growth in the use of renewables-powered mini-grids.

There is a growing awareness that stand-alone cooking and electri-
city systems based on renewables are often the most cost-effective
options available for providing energy services to households and
businesses in remote areas. As a result, an increasing number
of countries is supporting the development of decentralised
renewable energy-based systems to expand energy access.

With the rising awareness that off-grid, low-income customers
can provide fast-growing markets for goods and services, and
with the emergence of new business and financing models
for serving them, rural energy markets are increasingly being
recognised as offering potential business opportunities. Many
companies have become active across Africa, Asia, and Latin
America, selling household-level renewable energy systems
and devices. Commercial lenders, social venture capitalists,
local and international development entities, governments,
and others are actively engaged in the financing of distributed
renewable energy. In 2013, levels of participation and progress
varied from country to country depending on support policies,
broader legal frameworks, and political stability.

i - Except where noted explicitly, investment data in this section do not include hydropower projects >50 MW because these are not tracked by Bloomberg New

Energy Finance, the source for these statistics.
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MARKET AND INDUSTRY TRENDS

BIOMASS FOR HEAT, POWER, AND TRANSPORT.

Biomass demand continued to grow steadily in the heat,
power, and transport sectors. Total primary energy consumption
of biomass reached approximately 57 exajoules (EJ) in 2013,
of which almost 60% was traditional biomass, and the
remainder was modern bioenergy (solid, gaseous, and liquid
fuels). Heating accounted for the majority of biomass use, with
modern biomass heat capacity rising about 1% to an estimated
296 gigawatts-thermal (GWy,). Global bio-power capacity was up
by an estimated 5 GW to 88 GW. Bio-power generation exceeded
400 Terawatt-hours (TWh) during the year, including power
generated in combined heat and power (CHP) plants. Demand
for modern biomass is driving increased international trade in
solid biofuels, including wood pellets.

Liquid biofuels met about 2.3% of global transport fuel demand.
In 2013, global production rose by 7.7 billion litres to reach
116.6 billion litres. Ethanol production was up 6% after
two years of decline, biodiesel rose 11%, and hydrotreated
vegetable oil (HVO) rose by 16% to 3 million litres. New plants
for making advanced biofuels, produced from non-food biomass
feedstocks, were commissioned in Europe and North America.
However, overall investment in new biofuel plant capacity
continued to decline from its 2007 peak.

@ GEOTHERMAL POWER AND HEAT. About 530 MW

of new geothermal generating capacity came on line
in 2013. Accounting for replacements, the net increase was
about 455 MW, bringing total global capacity to 12 GW. This net
capacity growth of 4% compares to an average annual growth
rate of 3% for the two previous years (2010-12). Direct use of
geothermal energy—for thermal baths and swimming pools,
space heating, and agricultural and industrial processes—
is estimated to exceed 300 petajoules (PJ) annually, but
growth is not robust. Governments and industry continued
to pursue technological innovation to increase efficient use
of conventional geothermal resources. In parallel, the use
of low-temperature fields for both power and heat continued
to expand, increasing the application of geothermal energy
beyond high-temperature locations.

P HYDROPOWER. Global hydropower generation during

the year was an estimated 3,750 TWh. About 40 GW of
new hydropower capacity was commissioned in 2013, increasing
total global capacity by around 4% to approximately 1,000 GW.
By far the most capacity was installed in China (29 GW), with
significant capacity also added in Turkey, Brazil, Vietnam,
India, and Russia. Growth in the industry has been relatively
steady in recent years, fuelled primarily by China’s expansion.
Modernisation of ageing hydropower facilities is a growing global
market. Some countries are seeing a trend towards smaller
reservoirs and multi-turbine run-of-river projects. There also
is increasing recognition of the potential for hydropower to
complement other renewable technologies, such as variable
wind and solar power.

P OCEAN ENERGY. Ocean energy capacity, mostly tidal

power generation, was about 530 MW by the end of 2013.
In preparation for anticipated commercial projects, a handful
of pilot installations were deployed during the year for ongoing
tests. Particularly in the United Kingdom and France, there are
indications that significant capacity growth will occur in the near
future, due to concerted industry focus and government support.
Major corporations continued to consolidate their positions in
the ocean energy sector through strategic partnerships and
acquisitions of technology developers.
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SOLAR PHOTOVOLTAICS (PV). The solar PV market had

a record year, adding more than 39 GW in 2013 for a total
exceeding 139 GW. Chinasawspectaculargrowth, accountingfor
nearly one-third of global capacity added, followed by Japan and
the United States. Solar PV is starting to play a substantial role in
electricity generation in some countries, particularly in Europe,
while lower prices are opening new markets from Africa and the
Middle East to Asiaand Latin America. Interest continued to grow
in corporate- and community-owned systems, while the number
and size of utility-scale systems continued to increase. Although
it was a challenging year for many companies, predominantly
in Europe, the industry began to recover during 2013. Module
prices stabilised, while production costs continued to fall and
solar cell efficiencies increased steadily. Many manufacturers
began expanding production capacity to meet expected further
growth in demand.

CONCENTRATING SOLAR THERMAL POWER (CSP). Global
CSP capacity was up nearly 0.9 GW (36%) in 2013
to reach 3.4 GW. While the United States and Spain

remained the market leaders, markets continued to shift to
developing countries with high levels of insolation. Beyond
the leading markets, capacity nearly tripled with projects
coming on line in the United Arab Emirates, India, and China.
An increasing range of hybrid CSP applications emerged,
and thermal energy storage continued to gain in importance.
Industry operations expanded further into new markets, and
global growth in the sector remained strong, but revised growth
projections and competition from solar PV in some countries led
anumber of companies to close their CSP operations. The trend
towards larger plants to take advantage of economies of scale
was maintained, while improved design and manufacturing
techniques reduced costs.

SOLAR THERMAL HEATING AND COOLING. Solar

water and air collector capacity exceeded 283 GW, in
2012 and reached an estimated 330 GW, by the end of 2013.
As in past years, China was the main demand driver, accounting
for more than 80% of the global market. Demand in key
European markets continued to slow, but markets expanded in
countries such as Brazil, where solar thermal water heating is
cost competitive. The trend towards deploying large domestic
systems continued, as did growing interest in the use of solar
thermal technologies for district heating, cooling, and industrial
applications. China maintained its lead in the manufacture
of solar thermal collectors. International attention to quality
standards and certification continued, largely in response
to high failure rates associated with cheap tubes from China.
Europe saw accelerated consolidation during the year, with
several large suppliers announcing their exit from the industry.
Industry expectations for market development are the brightest
in India and Greece.

WIND POWER. More than 35 GW of wind power capacity

was added in 2013, for a total above 318 GW. However,
following several record years, the market was down nearly 10 GW
compared to 2012, reflecting primarily a steep drop in the U.S.
market. While the European Union remained the top region for
cumulative wind capacity, Asia was nipping at its heels and is
set to take the lead in 2014. New markets continued to emerge
in all regions, and, for the first time, Latin America represented a
significant share of new installations. Offshore wind had a record
year, with 1.6 GW added, almost all of it in the EU. However, the
record level hides delays due to policy uncertainty and project
cancellations or downsizing.
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The wind industry continued to be challenged by downward
pressure on prices, increased competition among turbine
manufacturers, competition with low-cost gas in some markets,
reductions in policy support driven by economic austerity,
and declines in key markets. At the same time, falling capital
costs and technological advances increased capacity factors,
improving the cost-competitiveness of wind-generated electri-
city relative to fossil fuels. The offshore industry continued to
move farther from shore and into deeper waters, driving new
foundation designs and requiring more-sophisticated vessels.
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Renewable energy provided an estimated 19% of global final
energy consumption in 2012, and continued to grow strongly in
2013.71 Of this total share in 2012, traditional biomass', which
currently is used primarily for cooking and heating in remote and
rural areas of developing countries, accounted for about 9%, and
modern renewables increased their share to approximately 10%.

The combined modern and traditional renewable energy share
remained about level with 2011, even as the share of modern
renewables increased.? This is because the rapid growth in
modern renewable energy is tempered by both a slow migration
away from traditional biomass and a continued rise in total global
energy demand.?

Modern renewable energy is being used increasingly in four
distinct markets: power generation, heating and cooling,
transport fuels, and rural/off-grid energy services. The breakdown
of modern renewables, as a share of total final energy use in
2012, was as follows: hydropower generated an estimated
3.8%; other renewable power sources comprised 1.2%; heat
energy accounted for approximately 4.2%; and transport biofuels
provided about 0.8%.* (See Figure 1.)

During the years 2009 through 2013, installed capacity as well
as output of most renewable energy technologies grew at rapid
rates, particularly in the power sector.® (See Figure 2.) Over this
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period, solar photovoltaics (PV) experienced the fastest capacity
growth rates of any energy technology, while wind saw the most
power capacity added of any renewable technology. The use of
modern renewables for heating and cooling progressed steadily,
although good data for many heating technologies and fuels are
lacking.® (See Sidebar 1, page 23.) Biofuels production for use in
the transport sector slowed from 2010 to 2012, despite high oil
prices, but picked up againin 2013.”

As renewable energy industries and markets mature, they
increasingly face new and different challenges—as well as a wide
range of opportunities. In Europe, a growing number of countries
has reduced, sometimes retroactively, financial support for
renewables at a rate that exceeds the decline in technology
costs. Such actions have been driven, in part, by the ongoing
economic crisis in some member states, by related electricity
over-capacity, and by rising competition with fossil fuels. Policy
uncertainty has increased the cost of capital—making it more
difficult to finance projects—and reduced investment. (See
Policy Landscape section.) During 2013, Europe continued to
see a significant loss of start-up companies (especially solar PV),
resulting in widespread financial losses.® On a bright note, the
share of renewables in gross final energy consumption in the
European Union (EU"Y) reached an estimated 14.1% in 2012, up
from 8.3% in 2004.°

Figure 1. Estimated Renewable Energy Share of Global Final Energy Consumption, 2012
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Source:
See Endnote 4
for this section.
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ii - Endnotes in this report are numbered by section and begin on page 152 (see full version online: http://www.ren21.net/gsr). Endnotes contain source
materials and assumptions used to derive data in the GSR, as well as additional supporting notes.

iii - Traditional biomass refers to solid biomass that is combusted in inefficient, and usually 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. It may or may not be harvested in a
sustainable manner. Traditional biomass currently plays a critical role in meeting rural energy demand in much of the developing world. Modern biomass energy
is defined in this report as energy derived efficiently from solid, liquid, and gaseous biomass fuels for modern applications. (See Glossary for definitions of terms
used in this report.) There is ongoing discussion about the sustainability of traditional biomass, and whether it should be considered renewable, or renewable
only if it comes from a sustainable source. For information about the environmental and health impacts of traditional biomass, see H. Chum et al., “Bioenergy,”
in Edenhofer et al., eds., IPCC Special Report on Renewable Energy Sources and Climate Change Mitigation (Cambridge, U.K.: Cambridge University Press,

2011).

iv - The use of “European Union,” or “EU”, throughout refers specifically to the EU-28.
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Source:
See Endnote 5
for this section.

Figure 2. Average Annual Growth Rates of Renewable Energy Capacity and Biofuels Production, End-2008-2013

%

60
%
50 @
7z
7
20 ? 39 Growth Rate in 2013
7 '/ 35 1 Growth Rate End-2008 through 2013
%
|/
30 ?— -—
%
g 7%
20 z— % Z
7 % % 15.7
Z ] 124 % 11.4
10 éz 2 /] /] e
4 42 ) 5.6
.| 32 3.7 /s ? g p 5 -
EX 0 O
Geothermal Hydro- Solar PV CSP Wind Solar Ethanol Biodiesel
power power heating production production
Power Heating Transport

Further, renewables operate on an un-level playing field in
which energy prices do not fully reflect externalities. Global
subsidies for fossil fuels and nuclear power remain high despite
discussions about their phase-out, encouraging inefficient
energy use while also hindering investment in renewables.!®
Depending on the calculation method used, estimates for the
global cost of fossil fuel subsidies range from USD 544 billion to
USD 1.9 trillion—several times higher than those for renewable
energy.!! (See Sidebar 6, GSR 2013.)

Electric grid-related challenges continued in2013. Theseinclude
lack of transmission infrastructure in some locations, delays in
grid connection, and sometimes the curtailment of renewable
generation.!? At high penetration levels, variable renewables can
pose challenges for electricity grid system operators. A growing
number of countries is aiding integration through improvements
in grid management practices, improving system flexibility, and
modifying existing grid infrastructure and technologies.’® (See
Feature, GSR 2013.)

Overall, with some exceptions in Europe and the United
States, renewables saw a number of significant and positive
developments in 2013.1* Wind power moved more firmly into
Africa and Latin America; concentrating solar thermal power
(CSP) shifted its focus further to the Middle East and North
Africa (MENA) region and to South Africa; renewable process
heat fuelled industries from Chile to Europe to India; and solar
PV continued to spread across the globe, with most capacity
on-grid but also significant increases in off-grid markets in
developing countries.

Such developments make it increasingly evident that
renewables are no longer dependent upon a small handful
of countries. Indeed, during 2013, major renewable energy

companies further shifted their focus away from traditional
markets in Europe and into Africa, Asia, and Latin America, where
strong new markets are emerging in all sectors, both on and off
the grid.’®

Renewables have been aided by continuing advances in
technologies, falling prices, and innovations in financing, driven
largely by policy support. These developments are making
renewable energy more economical than new fossil and
nuclear installations under many circumstances, and thus more
affordable for a broader range of consumers in developed and
developing countries.!® In addition, there is increasing aware-
ness of renewable energy technologies and resources, and their
potential to help meet rapidly rising energy demand, while also
creating jobs, accelerating economic development, reducing
local air pollution, improving public health, and reducing carbon
emissions.!’

There is also a growing recognition that renewable energy
can expand access to modern energy services in developing
countries, both rapidly and cost effectively.’® As more attention
turns to issues of energy access, as prices decling, and as
new business models emerge, it is becoming apparent that
rural energy markets in developing countries offer significant
business opportunities, and products are being tailored
specifically to meet the needs of these markets.”® (See
Distributed Renewable Energy section.)

Increasingly, renewable energy is considered crucial for
meeting current and future energy needs. In Latin America,
for example, renewables are now seen as a critical energy
source.?? (See Sidebar 2.) To achieve a variety of energy security
and sustainability goals, growing numbers of cities, states, and
regions around the world seek to transition to 100% renewable
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SIDEBAR 1. RENEWABLE ENERGY DATA: CURRENT STATUS AND CHALLENGES OF CAPACITY AND PRODUCTION DATA

Reliable, accessible, and timely data on renewable energy
are essential for establishing energy plans, defining baselines
for targets, monitoring progress and effectiveness of policy
measures, and attracting investment. Global data collection
on renewables has improved significantly in recent years with
more-comprehensive and timelier record keeping, increased
accessibility, and better communication among stakeholders.
Significant gains have been made over the past decade as
governments, industries, and other entities have improved data
collection methods. However, there are still large data gaps,
particularly in the decentralised applications of renewable
energy. The task also grows in complexity as the use of renewable
energy increases in scale and expands geographically, making
data more difficult to track. A number of challenges remain.

In many countries, renewable energy data are not collected
systematically and, where data do exist, they vary widely in
quality and completeness. Timing of data releases varies
considerably, and reporting periods differ. The time lag between
developments and availability of data (in many instances two
years or longer) can be a barrier to informed decision making,
given the rapidly evolving renewable energy landscape.

Some challenges are technology or sector specific, due to the
decentralised nature of installations and industry structure.
For example, most traditional biomass is used for heating and
cooking in more than a billion dwellings worldwide, and estimates
of total quantities are uncertain. Modern biomass technologies
have varying rates of fuel-to-energy conversion, and the wide
range of feedstocks, sources, and conversion pathways makes
uniform data collection difficult. Even the energy from traded
biomass is difficult to track because the traded feedstock can
have both energy and non-energy uses.

Renewable heating (and cooling) data, in general, present a
challenge because of the relatively large number and variety
of technologies involved (e.g., feedstocks, energy conversion
technologies, distribution) and the distributed nature of the
sector. In some countries, there is a misconception that the use
of renewable heating (such as solar thermal collectors for water
heating) isan energy efficiency measure, and thus developments
are not recorded with other renewable energy data. Capacity
and output data on distributed heat, off-grid electricity, and
other decentralised applications frequently go uncollected or
are otherwise fragmented.

Energy output data are challenging to estimate accurately
for a variety of reasons, including variability in local resource
and system conditions. Where renewables are part of hybrid
facilities (such as biomass co-firing, CSP-fossil fuel hybrids),
output is often not broken down by source, resulting in over-
or underestimation of the renewable component. In addition,
declining efficiencies of existing stock and retirement and
replacement of ageing capacity need to be accounted for, but
these are seldom reported and therefore are often subject to
estimation.

Many national and international entities do not report data
sources and assumptions underlying their statistics. Some data
are aggregated under the “other” category, which may or may
not include non-renewable products. Other datasets are not
publicly available. Methodologies and assumptions (including
what is counted and how) can differ markedly among sources,
creatinginconsistencies and uncertainty about data robustness.

Formal (government) data may command some premium in
the hierarchy of data, but informal data are also critical for
establishing a more comprehensive view of the global renewable
energy sector. The challenge is to effectively bring together data
from various institutional and individual sources in a consistent,
systematic, and transparent context. Several national, regional,
and international initiatives have been formed to overcome
gaps and improve the quality of renewable energy data, in part
by systematically relying on a broader array of both formal and
informal sources. These include the Global Tracking Framework
under SE4ALL, projects under way at IRENA, regional initiatives
in western Africa and the MENA region, and ongoing work by
REN21 with global and regional status reports.

The collection and processing of renewable energy statistical
information can be seen as burdensome; however, inconsistent
data collection efforts hamper governments’ capacity to make
informed decisions. Experts agree that systematic and enhanced
reporting is critical for increasing financing, establishing policy
priorities, and improving energy planning over time.

Source: See Endnote 6 for this section.
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SIDEBAR 2. REGIONAL SPOTLIGHT: LATIN AMERICA AND THE CARIBBEAN

Increasing interest in renewable energy in the Latin America and
the Caribbean (LAC) region is reflected in ambitious targets and
policy support, which have led to rapidly growing investments in
renewables, beyond the traditional hydropower sector. By early
2014, at least 19 countries in the region had renewable energy
policies, and at least 14 had renewable energy targets, mostly
for electricity generation. (See Table 3 and Reference Tables
R12 to R15.) For example, Uruguay aims to generate 90% of
its electricity from renewable sources by 2015, while Grenada
targets 20% primary energy from renewables by 2020.

Renewable energy already meets a substantial portion of
electricity demand, with hydropower accounting for around
half of the region’s total installed power capacity and the vast
majority of its renewable power capacity. Especially in Central
America, the need for a diversified electricity mix to reduce
vulnerability to a changing hydrological profile is driving interest
in other abundant renewable energy resources. In Brazil,
hydropower expansion is expected to become increasingly
constrained by environmental sensitivity and the remoteness of
much of the remaining resource. In the Caribbean, countries are
aggressively pursuing the deployment of renewables to reduce
their heavy reliance on fossil fuels, and thereby increase their
economic and energy security.

Despite having an average electrification rate of almost 95%,
one of the highest among the developing regions, energy access
remains a challenge for the LAC region: an estimated 24 million
people, primarily in rural and remote areas, still lack access
to electricity. Some countries have achieved virtually 100%
electrification, while others have far to go. Renewables can
play an important role in achieving universal access to modern
energy. Solar energy is abundant across the region, which is also
home to nearly one-quarter of the world’s geothermal potential,
and wind resources are world class in Argentina, Brazil, and
Mexico. By one estimate, non-hydro renewable energy has the
technical potential to meet more than 50 times the region’s
current electricity demand.

While the region’s hydropower sector is relatively mature, the
vast potential of non-hydro renewables is now beginning to be
realised. Wind power has experienced the fastest growth in
recent years, with Brazil and Mexico leading the way. With about
1 gigawatt (GW) of geothermal capacity, Mexico is the world’s
fifth-largest geothermal power producer, followed in the LAC
region by Central America, with a collective 500 MW of capacity.
The solar PV market, while increasingly important in off-grid and
rural areas, has experienced a shift in focus from small domestic
applications to large-scale power plants.

In the heating sector, renewable energy applications for
domestic, commercial, and industrial use are gaining ground.
Solar thermal collectors for water heating are spreading beyond
Brazil, one of the world’s top markets. Chile’s mining industry is
actively installing solar thermal systems (parabolic trough and
flat-plate collectors) to meet its heat energy needs in remote
locations. Solar food dryers are used for processing fruits and
coffee in Jamaica, Peru, and Mexico.

Over 80% of the LAC population lives in cities, and the region
is urbanising at a rapid pace, with increasing demand for
transportation. To meet this demand while slowing the growth
of fossil fuel consumption, several countries are promoting the
use of biofuels. Biofuels account for 13% of transport fuel in
Brazil, and their role is growing in several other countries. Brazil,
Argentina, and Colombia lead the region for biofuel production.

Several countries have adopted feed-in tariffs, public
competitive bidding (tendering), tax incentives, and quotas to
drive deployment. The use of public competitive bidding has
gained momentum in recent years, with Brazil, EI Salvador,
Peru, and Uruguay issuing tenders in 2013 for more than 6.6 GW
of renewable electric capacity. Eight countries had net metering
laws by year’s end, with pilot projects operating in Costa Rica
and Barbados.

An improved environment for renewables is attracting new
national and international investors. Although Brazil experienced
adecline in new investment in 2013 for the second year running,
othersin the region saw significant increases, with Chile, Mexico,
and Uruguay committing over USD 1 billion each.

Manufacturers are seeking growth opportunities in the region.
While the larger economies—Brazil, Argentina, Chile, and
Mexico—are the front-runners, manufacturing of renewable
energy technologies, such as wind turbines, is spreading across
the region.

Differences in electricity market structures and regulations have
constrained efforts to integrate electricity markets regionally
to date, and lack of transmission infrastructure has delayed
the development of some projects. Lack of awareness about
renewable heat technologies and their potential is impeding their
expansion. In addition, the relatively low level of energy demand
in some countries—such as the Caribbean nations—makes it
difficult to support local industry and can preclude the potential
to benefit from economies of scale. Despite a number of near-
term challenges, the region is demonstrating unprecedented
growth and presents significant opportunities for expansion.

The “Regional Spotlight” sidebar appeared for the first time in
GSR 2013 and is now a regular feature of the report, focussing on
developments and trends in a different world region each year.

Source: See Endnote 20 for this section.
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energy in individual sectors or economy-wide, and many have
already achieved their targets.?!

As markets have become more global, industries have responded
by increasing their flexibility and developing global strategies
and supply chains.?? In 2013, manufacturers continued
to diversify products to increase product value, and many
advanced further into project development and ownership. Many
renewable industries saw a rapid increase in worldwide demand
for construction and engineering, consulting, equipment
maintenance, and operations services.?® Several industries
had a difficult year, with consolidation continuing, particularly
in solar energy and wind power. But the picture brightened by
year's end, with many solar PV and wind turbine manufacturers
returning to profitability.?

Global investment in renewables declined again in 2013,
largely due to falling system costs and policy uncertainty.? Still,
renewables outpaced fossil fuels for the fourth year running in
terms of net investment in power capacity additions.?® Further,
2013 was a watershed year for renewable energy financing, with
the development and enactment of new financing structures that
provide access to low-cost money through capital markets.?’(See
Investment Flows section.) Projects (particularly wind and
solar PV) changed hands at record rates during the year,
reflecting in part a growing interest in renewable energy asset
investments among pension funds and other institutional
investors that anticipate solid long-term returns.?® Innovative
financing mechanisms, such as crowd funding and risk-guarantee
schemes, continued to expand and spread across China, Europe,
and the United States, and are increasingly targeting off-grid
projects in Africa and Asia.?® A range of actors continued to
actively engage in the financing of distributed renewable energy
projects for isolated regions of the developing world.=°

The impacts of all of these developments on employment
numbers in the renewable energy sector have varied by country
and technology, but, globally, the number of people working in
renewable industries has continued to rise. (See Sidebar 6, page
60, and Table 1, page 63.)

RE

POWER SECTOR

The most significant growth occurred in the power sector, with
global capacity exceeding 1,560 GWin 2013, anincrease of more
than 8% over 2012.3' Hydropower rose by 4% to approximately
1,000 GW!, while other renewables collectively grew nearly 17%
to an estimated 560 GW.3? Globally, hydropower and solar PV
each accounted for about one-third of renewable power capacity
added in 2013, followed closely by wind power (29%).33For the
first time, more solar PV than wind power capacity was added
worldwide.** (See Reference Table R1.)

Around the world, policy support and investment in renewable
energy have continued to focus primarily on the electricity
sector. Consequently, renewables have accounted for a growing
share of electric generation capacity added globally each year.3
In 2013, renewables made up more than 56% of net additions
to global power capacity and represented far higher shares of
capacity added in several countries around the world.2® In the
EU, renewables accounted for the majority of new capacity for
the sixth year running.3’

By year’s end, renewables comprised an estimated 26.4% of
the world’s power generating capacity.®® This was enough to
supply an estimated 22.1% of global electricity, with hydropower
providing about 16.4%.%° (See Figure 3.) While renewable
capacity continues to rise at a rapid rate from year to year,
renewable electricity’s share of global generation is increasing
more slowly. This is in large part because overall demand keeps
rising rapidly, and also because much of the renewable capacity
being added is variable.

Even so, variable renewables are achieving high levels of
penetration in several countries. For example, throughout
2013, wind power met 33.2% of electricity demand in Denmark
and 20.9% in Spain; in Italy, solar PV met 7.8% of total annual
electricity demand.“® Hydropower, which provides the single
largest share of renewable electricity worldwide, is being used
increasingly to balance systems with high shares of variable
renewables, sometimes with the aid of pumped storage.

Figure 3. Estimated Renewable Energy Share of Global Electricity Production, End-2013
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Source:
See Endnote 39
for this section.
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Based on renewable generating capacity in operation end-2013. Data do not add up due to rounding.

i- The GSR 2013 reported a global total of 990 GW of hydropower capacity at the end of 2012; this figure has been revised downward due to better data availability.
This adjustment also affects the global figure for total renewable power capacity. In addition, global hydropower data and thus total renewable energy statistics
in this report reflect an effort to remove capacity of pure pumped storage from the totals. For more information, see Methodological Notes, page 142.
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Source:
See Endnote 49
for this section.

ERVIEW

Figure 4. Renewable Power Capacities in World, EU-28, BRICS, and Top Six Countries, 2013
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Not including hydropower

(See Hydropower section.) Other non-variable renewables
such as geothermal and bio-power can play a similar role and
provide significant shares of total electricity in some countries.
Geothermal power now accounts for 29% of electricity
generation in Iceland, and more than one-fifth in El Salvador and
Kenya.*!

Bio-, geothermal-, and hydropower have long been cost
competitive in areas where good resources are available, and
this is true for a growing number of technologies in an increasing
number of locations.*? The levelised costs of generation from
onshore wind and, particularly, solar PV have fallen sharply
over the past five years, while average global costs from coal
and natural gas generation have increased due to higher
capital costs and feedstock prices.*® As a result, an increasing
number of wind and solar power projects are being built
without public financial support, especially in Latin America,
but also in Africa, the Middle East, and elsewhere.*

In response to these changing economics, distributed
renewables are starting to challenge traditional electric utility
business models, prompting utilities in some countries to
push back and call for reduced policy support for renewable
electricity.*® At the same time, many utilities from Asia to Europe
to North America are investing in wind, solar PV, and other
renewables, in addition to hydropower.*¢ (See Sidebar 7, page 80.)

By the end of 2013, China, the United States, Brazil, Canada,
and Germany remained the top countries for total installed
renewable electric capacity.#” China was home to about 24% of
the world’s renewable power capacity, including an estimated
260 GW of hydropower.*® The top countries for non-hydro

capacity were again China, the United States, and Germany,
followed by Spain, Italy, and India.*® (See Figure 4 and Reference
Table R2.)

Among the world’s top 20 countries for non-hydro renewable
power capacity, those with the highest capacity amounts per
inhabitant were all in Europe. Denmark had a clear lead and
was followed by Germany, Portugal, Spain, and Sweden.' *°
Considering investment in new renewable power (and fuels)
relative to annual GDP, top countries included Uruguay,
Mauritius, Costa Rica, South Africa, and Nicaragua.®!

While the BRICS' nations together led for total capacity of
all renewables (thanks primarily to China), accounting for
approximately 38%, the EU still had the most non-hydro
installed capacity of any region at the end of 2013, with about
42% of the global total.’? However, the EU’s share of global
renewable power capacity is declining as renewable electricity
markets outside of Europe expand. (See Top Five Countries
Table on page 16 for other rankings.)

i - While there are other countries with high per capita amounts of renewable capacity and high shares of renewable electricity, the GSR focusses here on the
top 20 countries for total installed capacity of non-hydro renewables. (See Reference Table R13 for country shares of electricity from renewable sources.)

ii - The combined economies of Brazil, Russia, India, China, and South Africa.
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Highlights for 2013 include:

China’s new renewable power capacity surpassed new fossil
and nuclear capacity for the first time.>® All renewables
accounted for more than 20% (> 1,000 TWh) of China’s
electricity generation.%*In the European Union, renewable
power installations represented 72% of new electric capacity,
up from 70% in 2012.% This is in stark contrast to a decade
earlier, when conventional fossil generation accounted
for 80% of new capacity in the EU-27 plus Norway and
Switzerland.%®

Inthe United States, the share of renewable generation rose to
nearly 12.9% (12.2% in 2012), despite a drop in hydropower
output and competition from cheap natural gas from shale.%”
By contrast, the share of net electricity generation from coal
declined nearly 19% over the period 2008—2013.%8

Spain became the first country to generate more electricity
from wind power (20.9% of total) than from any other source
for the entire year.>®

India added more than 4 GW of renewable capacity for a total
of about 70.5 GW.5° While hydropower represented most of
the total (62%), solar PV and wind accounted for almost 70%
of 2013 renewable additions.! Yet India’s power capacity is
expanding rapidly, and renewables made up less than 17% of
total additions from all sources during 2013.6?

Wind power was excluded from one of Brazil’s auctions
because it was pricing all other generation sources out of the
market.®® By year’s end, Brazil had 3.5 MW of commissioned
wind power capacity, and more than 10 GW of additional
capacity was under contract.®*

Even as global investment in solar PV declined nearly 22%
relative to 2012, new capacity installations increased by more
than 32%.%°

By early 2013, at least 18 countries generated more than
10% of their electricity with non-hydro renewable resources,
up from an estimated 8 countries in 2010. These included
Denmark, El Salvador, Kenya, Lithuania, and Austria.®®

Many communities and regions around the world have
targeted, or already successfully transitioned to, 100%
renewable electricity.?” Djibouti, Scotland, and the small-
island state of Tuvalu, for example, aim to derive 100% of their
electricity from renewable sources by 2020.5¢
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Around the world, households and businesses are opting
increasingly for “green” offerings from traditional utilities and
new energy providers, voluntarily buying renewable energy
(most commonly electricity) that is produced outside of, or
beyond, regulatory requirements. Germany remains one of the
world’s leaders for voluntary renewable power purchasing. Its
market grew from 0.8 million residential customers in 2006 to
4.9 million in 2012, or 12.5% of all private households in the
country. In 2011, they purchased 15 terawatt-hours (TWh)
of green power, and commercial customers bought a further
10.3 TWh.'®® Other major European green power markets include
Austria, Belgium (Flanders), Finland, Hungary, the Netherlands,
Sweden, Switzerland, and the United Kingdom, although the
market share in these countries remains below German levels.”®

Green power markets also exist in Australia, Canada, Japan,
South Africa, and the United States.”! More than half of U.S.
electricity customers have the option to purchase green power
directly from their local utility, and 47 of the 50 states (plus the
District of Columbia) have utilities and/or competitive electricity
suppliers that offer a green power option. In 2012, total U.S.
retail green power sales exceeded 48 TWh (about 1.3% of total
U.S. electricity sales).”?

Major industrial and commercial customers in Europe, India,
Mexico, and the United States continued to turn to renewables
to reduce their energy costs while increasing the reliability of
their energy supply. Many set ambitious renewable energy
targets in 2013, installed and operated their own renewable
power systems, or signed purchase agreements to buy directly
from renewable energy project operators, bypassing utilities.”®

Community-owned and co-operative projects also increased
in numbers in Australia, Japan, and Thailand, as well as in
North America and several countries in Europe.”* Denmark has
a long history of co-operatively owned projects; in Germany,
almost half of renewable power capacity was citizen owned
as of 2013, and about 20 million Germans lived in so-called
100% renewable energy regions.”®

The year saw expanded installations of small-scale, distributed
renewable systems for remote locations as well as grid-
connected systems where consumers prefer to generate at least
a portion of their electricity on-site.”® Technology advances are
enabling the establishment of micro- and mini-grids that rely
significantly, if not entirely, on renewable energy. Micro-grids
are emerging in developed countries, in particular, where
they are generally connected to an overlying central grid.’ In
developing countries, mini-grids are playing an increasingly
important role in providing electricity access to remote
communities.”” (See Sidebar 8 in GSR 2013.)

i - Note that part of this growth is also due to voluntary decisions of suppliers, generally for marketing purposes, to procure renewable electricity for all of their
residential customers. Customers of such suppliers account for up to 20% of the voluntary green power market in Germany. (See Endnote 69 for this section.)

ii - Amicro-grid is a small-scale power grid, with its own power resources, generation, loads, and definable boundaries that can operate independently of, or in
conjunction with, an area’s main power grid. It can be intended as back-up power or to bolster main grid power during periods of heavy demand. It is often used
to reduce costs, enhance reliability, and/or as a means of incorporating renewable energy.
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HEATING AND COOLING SECTOR

Energy use for the provision of useful heat represents about half
of total world final energy consumption.”® Modern renewables
(excluding traditional biomass) meet a small but gradually rising
share of final global heat demand (about 10%).”° In some markets,
they already contribute substantially. For example, renewables
provide over 60% of final energy for heat in Iceland and Sweden.&°
In Brazil, where bio-heat covers a significant portion of industrial
heat demand, the renewable share is about 43%.8' Renewables
meet 20% or more of final energy demand for heat in Austria,
Denmark, Israel, New Zealand, Norway, and Thailand, and
significant shares also in India (11%), Indonesia (7%), and South
Africa (6%).8?

Modern biomass, solar thermal, and geothermal energy provide
hot water and space heating for tens of millions of domestic and
commercial buildings around the world. These renewables also
supply heat for industrial processes, agricultural applications,
and cooking, at a range of temperature levels. Modern biomass
accounts for the vast majority (about 90%) of renewable
heating.®® Markets for renewable heating and cooling have
increased rapidly in recent years, particularly for solar thermal
and some bio-energy systems.®* In addition, passive solar
building designs provide a significant amount of space heating
(and light), and their numbers continue to increase, but they are
not included in this report due to lack of data.

Bio-heat capacity is growing steadily, at an estimated 1-2%
annually.® During 2013, Central Europe and the United States,
in particular, saw a continuing shift towards the use of biomass
for heating.®® For old and larger buildings, bioenergy systems—
such as district heat systems in Scandinavia or pellet stoves in
Austria—can be more cost competitive than heat pumps. For
industrial heating, bioenergy is the primary resource replacing
fossil fuels, often in combined heat and power (CHP) generating
systems.®’

Most bio-heat is derived from solid biomass resources, but
biogas is becoming an increasingly important heat source.®®
Although Europe remains the leading region for bio-heat
consumption, mainly for space heating, demand is rising
elsewhere, particularly in China.®® The use of biogas as a
cooking fuel continues to rise in a growing number of developing
countries.?

Over the five-year period to end-2013, the capacity of solar
water heaters increased by an average of 14% annually.”!
Solar thermal collectors are used worldwide for water (and
increasingly for space) heating in homes, schools, hospitals,
hotels, and government and commercial buildings.?? Their use is
extensive in China, where solar water heaters cost less over their
lifetimes than do natural gas or electric heaters.?® An increasing
number of district heat systems rely on solar thermal technology,
particularly in Central Europe, and interest in solar process
heating and cooling also is growing as technologies mature.®*

Geothermal energy is used for space heating (including district
heat networks), domestic hot water supply, direct and indirect
heating of public baths, greenhouses, and process heat for
industry and agriculture.®® Technological advances are making
it possible to extract heat from even relatively low-temperature
geothermal fields for both power and heat generation.®®

Air-, ground-, and water-source heat pumps also provide
renewable heating and cooling. One of the more significant trends
related to heat pumps is a move towards the use of hybrid systems
that integrate several energy resources (such as solar thermal or
biomass with heat pumps) for the range of heat applications.?”
China’s market for hybrid-heat pump products is double the size
of Europe’s, with both growing rapidly.®® There is also growing
interest in the use of larger-scale heat pumps for district heating
as well as industrial processes.®® (See Sidebar 4, page 42.)

Use of modern renewable energy technologies for heating and
coolingis still limited compared with their potential. Market growth
in this sector continues to lag behind the power sector, due in part
to a limited awareness of the technologies, fragmentation of the
market, and a relative lack of policy support.t° Further, growth of
renewable energy for heating is constrained, in many countries,
by high upfront investment costs of some technologies and
competition from subsidised fossil fuels. However, where a
carbon charge exists, heat users tend to seek low-carbon
fuels.’®! Consumers in Denmark, Japan, and the United Kingdom
can choose “green heat” via voluntary purchasing programmes,
but options are relatively limited compared to green power
purchasing.!%?

Despite the relative lack of policies globally in support of
renewable heat, several national and local governments have
enacted supporting policies or set ambitious targets. Denmark
banned the use of fossil fuel-fired boilers in new buildings as of
2013 and aims for renewables to provide almost 40% of total heat
supply by 2020; in early 2014, the U.K. launched its Renewable
Heat Incentive for residential consumers; and across the EU, all
new buildings must be near zero-energy (producing as much
energy as they consume) by 2019.1% Beyond Europe, most heat-
related targets focus on solar thermal energy, although Thailand
has heat targets for bioenergy as well.'* (See Reference Table
R14.)

Trends in the heating and cooling sector include the increasing
use of renewables for CHP; the feeding of renewable heating
and cooling into district systems, particularly in Europe; hybrid
solutions to address the building renovation segment; and the
growing use of renewable heat for industrial purposes, from Chile
to India to the United Arab Emirates.!% At least 20 countries in
Europe use renewables in their district heat systems, with at least
20% of EU-wide district heat generated by renewable sources.%
Heat storage systems for low-temperature applications such as
district heating have been demonstrated and are now available
in some European markets.1%

A limited number of countries has begun using district heat
systems to absorb heat generated by renewable electricity
during periods of excess supply. An example is the use of
surplus wind power to heat water, either with heat pumps or
directly using resistance heaters.1® Denmark is increasing the
reliability of its energy supply by combining variable renewable
electricity with CHP and district heating, and has made this
practice a cornerstone of its energy policy.'®® In 2013, China
called on high-wind provinces to begin pilot testing of wind-to-
heat technologies to ease the strain on local grids and reduce
local air pollution.'’® There is also a general movement globally
towards electrification in the heat sector.!'!
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TRANSPORT SECTOR

Renewable energy is currently used in the transport sector in the
form of liquid and gaseous biofuels—mainly for light- and heavy-
duty road vehicles—and in the form of electricity for trains, light
rails, trams, and both two- and four-wheeled electric vehicles
(EVs).

Liquid biofuels—primarily ethanol and biodiesel (including
FAME and HVO")—account for the largest share of transport
fuels derived from renewable energy sources. They meet about
3% of total road-transport fuel demand, and around 2.3% of
final liquid fuel demand (and a very small but growing portion
of aviation fuels)."? In some countries in Europe, as well as in
Brazil and the United States, they represent considerably higher
shares.!?

The growth of liquid biofuels has been mixed in recent years.
Global biofuel production increased again in 2013, after a
temporary lull.'** Concerns about using only environmentally
and socially sustainable supplies are constraining the rate of
growth in some regions. (See Bioenergy section.)

Limited but growing quantities of gaseous biofuels (mainly
biomethane, which is purified biogas) are fuelling cars, buses,
and other vehicles in several EU countries (most notably
Germany and Sweden), and in some communities in China, North
America, and elsewhere.!*® By late 2013, there were almost 700
vehicle filling stations in Europe offering compressed biogas
(CBG) blended with natural gas, and nearly 300 stations selling
100% CBG.'¢ Plans are under way in other regions, including
the Middle East and Asia, to develop facilities for biomethane
production and vehicle fuelling.}”

Electricity is already commonly used to power trains, city
transit systems, and an increasing number of electric vehicles
including cars, buses, cycles, scooters, and motor bikes.!®
Agrowing number ofiinitiativesaimto link these transport systems
with renewable electricity. Several German cities—including
Frankfurt and Nuremberg—rely on renewable electricity to
operate their light-rail and subway services, while the German
state of Saarland was the first to switch its local rail services
to 100% renewable electricity.!® Bogota, Colombia, rolled
out South America’s largest all-electric taxi fleet in 2013 and
announced plans for a police fleet of 100 electric motorcycles.?°

REN21
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Although electric vehicles and plug-in hybrids (PHEVs) still
represent a tiny share of overall automobile markets, they are
making a strong entry in several countries, such as Norway,
where as of early 2014, more EVs than conventional vehicles
were sold each month.'?! In the United States, more than 8,000
electric charging stations were operating by the end of 2013.1%?
Many towns with 100% renewable energy goals have adopted
EVs as part of their energy plans.'?3 Sweden aims for a fossil fuel-
free vehicle fleet by 2030, with road vehicles powered primarily
by biofuels or electricity, and the promotion of walking, cycling,
and public transport as a further step towards Sweden'’s vision
for an energy supply system with zero net atmospheric
greenhouse gas emissions by 2050.'?* In addition, hybrid
transportation options also are emerging, such as electric-diesel
and biodiesel-natural gas buses.'?®

Many of these developments, along with rapid advances in
related technologies, are increasing the role of electricity in
the transport sector and raising the possibility to use vehicle
batteries to store power in support of variable renewables in
future “smart-grids.”'?6

i - Fatty acid methyl ester (FAME) and hydro-treated vegetable oil (HVO). See Glossary for more information.
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02 MARKET AND INDUSTRY TRENDS

BIOMASS ENERGY

Biomass consumption continues to increase worldwide for the
provision of heat and electricity. The production of liquid and
gaseous biofuels for transport and stationary applications is
also rising. Approximately 60% of total biomass used for energy
purposes is traditional biomass: fuel wood (some converted to
charcoal), crop residues, and animal dung that are gathered by
hand and usually combusted in open fires or inefficient stoves for
cooking, heat for dwellings, and some lighting.! (See Section 5
on Distributed Renewable Energy in Developing Countries.) The
remaining biomass is used for modern bioenergy, which is the
focus of this section.?

Sustainability and livelihood concerns associated with the use
of biomass continue to be debated, especially where linked with
deforestation, and where land and water used for energy crop
production competes with food and fibre crops.® In addition,

there is uncertainty about the use of biomass being truly
“carbon neutral” within the relevant time frame due to the time
lag between carbon release during combustion and carbon
(re-) sequestration via re-growth of the harvested crops.* (See
Sidebar 3.)

For modern bioenergy, the many forms of energy carriers
produced from a variety of biomass resources—including
organic wastes, purpose-grown energy crops, and algae—can
provide a range of useful energy services such as lighting,
communication, heating, cooling, and mobility. The ability of
the solid, liquid, or gaseous biomass resource to act as a store
of chemical energy for future use can be employed to balance
variable electricity generation from wind and solar systems when
integrated into mini-grids or an existing main grid.®

The bioenergy sector is highly complex due to the variety
of potential feedstocks and technical routes for converting
biomass to energy. Large data gaps often exist in the

Figure 5. Biomass Resources and Energy Pathways
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i - See Figure 5in GSR 2013.
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MARKET AND INDUSTRY TRENDS

SIDEBAR 3. BIOENERGY CARBON ACCOUNTING

There is a continuing debate around the sustainability of
biomass use for energy, particularly with respect to the carbon
footprint. Many research and policy endeavours in recent years
have focussed on quantifying the greenhouse gas emissions
associated with direct and indirect land-use change. To date, the
focus has been almost exclusively on liquid biofuel production
systems. However, the increasing use of solid biomass—forest
biomass in particular—in modern applications (for example,
wood chips in residential heating or district heating plants, or
co-firing of wood pellets in coal-fired power plants) has recently
shifted the focus of the carbon footprint debate.

There appears to be general agreement among stakeholders
that carbon emitted through the combustion of biomass for
energy production was and will again be sequestered from the
atmosphere, if the quantity of biomass used can be associated
with the regrowth of a crop or forest in a sustainable (biomass)
management system. However, there is concern about the time
lag between carbon release via combustion and carbon (re-)
sequestration via plant growth. A temporal carbon imbalance
is relevant particularly for forest biomass systems that have
relatively long rotation cycles, and generally for bioenergy’s
potential to effectively reduce greenhouse gas emissions in
the medium-to-long term. Therefore, consensus is emerging
to account for biogenic carbon emissions over time, although
the principles to do so and the respective expectations vary
considerably.

To date, much of the scientific work has focussed on determining
the “carbon payback” period—the time frame by when a
bioenergy system has reached its pre-harvest biogenic carbon
levels and is also compensated for associated land-use and
fossil fuel emissions. Results differ depending on the modelling
framework and assumptions regarding affected ecosystems,
conversion technologies, and behavioural economics. Generally,
the use of residues from tree harvesting (tops, branches, and
thinning of small trees) or wood processing (shavings, offcuts,
sawdust) entails shorter carbon payback periods than the use
of large-diameter stemwood, especially from slow-growing
forests or low-productive regions. The use of smaller-diameter,
pulpwood quality logs from fast-growing plantation forests in
highly productive regions, however, can achieve relatively short
carbon payback periods.

assessment of biomass volumes used for energy carriers and
final energy. Further, biomass often relies on widely dispersed,
non-commercial sources, which makes it difficult to formally
track data and trends. National data collection is often carried
out by multiple institutions that are not always well co-ordinated.
As a result, production and demand for biomass and bioenergy
are relatively difficult to measure, even at the local level; hence,
national, regional, and global data are uncertain.® (See Sidebar 1,
page 23, and Figure 5, page 31; see also Sidebar 2 in GSR 2012.)

In addition, there is disagreement around what duration of
carbon payback is acceptable. The two most commonly used
time frames in the literature are 2050, which is relevant for
policy trajectories, and 2100, which is considered relevant for
stabilisation of the atmospheric carbon levels. Timeline selection
influences which bioenergy systems—for example, type of
feedstock, scale of magnitude, technology choices—should be
considered.

Another key determining factor for a given bioenergy project
is linked to alternative land-use and energy sources: that is,
what would happen on the land and what energy source would
be employed without the use of biomass? Answers depend on
regional circumstances that vary with market conditions for
wood products, forest management practices, and alternative
energy systems; and perspectives on these conditions may
differ among stakeholders.

Policy options to deal with biogenic carbon emissions include
mechanisms that quantify associated emissions, such as
the integration of forest carbon accounting in a full life-cycle
assessment (LCA), although there is not a scientific consensus
on how to model forest products appropriately. Preventative
policy approaches include requirements for sustainable forest
management that guarantee replanting and sustained carbon
stocks/yields, as well as actively encouraging/discouraging
the use of specific land and biomass types, such as peat soils,
whose drainage releases large amounts of greenhouse gases.
Conversely, promoting afforestation and reforestation of woody
biomass and perennial grass production on marginal and unused
land can create immediate net carbon benefits.!

Current policy options in Europe and North America entail all of
these approaches. In 2013, for example, the U.K. government
provided a draft greenhouse gas calculator (including default
values) to quantify the respective emission reductions of
forest biomass use for energy as part of its Renewable
Obligation Scheme. Also the Dutch government announced the
investigation of a specific carbon debt criterion in 2014.

i - A policy option would, for example, include the compensation or
generation of carbon credits for tree planting, in proportion to the net CO,
absorption/sequestration.

Source: See Endnote 4 for this section.

BIOENERGY MARKETS

In 2013, biomass accounted for about 10% of global primary
energy supply—or an estimated 56.6 EJ. The “modern
biomass” share included approximately 13 EJ to supply heat in
the building and industry sectors; an estimated 5 EJ converted
to produce around 116 billion litres of biofuels (assuming 60%
conversion efficiency of the original biomass), and a similar
amount used to generate an estimated 405 TWh of electricity
(assuming 30% conversion efficiency).® Useful heat is also often
generated in bioenergy combined heat and power (CHP) plants,
but the total quantities are unknown because much of this is
consumed on-site and not tracked.
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The leading markets for biomass energy are diverse and vary
depending on the fuel type. Use of modern biomass is spreading
rapidly, particularly across Asia.® Biomass is meeting a growing
share of energy demand in many countries and accounts for
a significant portion of total energy in some countries. For
example, end-use shares exceed 25% in Sweden, Finland,
Latvia, and Estonia.®®

Most primary biomass used for energy is in a solid form and
includes charcoal, fuel wood, crop residues (predominantly for
traditional heating and cooking), organic municipal solid waste
(MSW)i, wood pellets, and wood chips (predominantly in modern
and/or larger-scale facilities). Wood pellets and wood chips,
as well as biodiesel and ethanol, all are now commonly traded
internationally in large volumes; in addition, some biomethane
is traded in Europe through gas grids.!* There is also significant
informal trade in solid biomass that takes place regionally and
across national borders.*?

The total energy content of all solid biomass fuels traded (mainly
pellets and wood chips) remains about twice that contained in
the net trade of liquid biofuels.’*> Wood pellets account for only
around 1-2% of global solid biomass demand, yet the volume of
consumption continued to increase rapidly during 2013.1

Bio-heat Markets

Solid, liquid, and gaseous biomass fuels can be combusted to
provide higher-temperature heat (200—400 °C) that is used by
industry, district heating schemes, and agricultural processes, as
well as lower-temperature heat (<100 °C) that is used for drying,
heating water for domestic or industrial use, and heating space
in individual buildings. Approximately 3 GW: of new biomass
heat capacity was commissioned in 2013, bringing the global
total capacity to an estimated 296 GW,.'> Biomass is the most
widely used renewable source for heating by far, accounting
for approximately 90% of heat from modern renewables; solid
biomass is the primary fuel source.'®

Europe remained the world’s largest consumer of modern bio-
heat in 2013. The region’s use of solid biomass for heat was up
5.4% in 2012 (the latest year for which data are available).'” In
2013, Germany generated almost 116.6 TWh (424 PJ) of heat
from biomass, up from 112.6 TWh (405 PJ) in 2012; 88% of
this was from solid biomass.!® In Sweden, bioenergy (mostly
from woody biomass) accounted for more than half of all space
heating in the housing and commercial sectors, either through
direct use in boilers or indirectly through heat plants and district
heating.'® Wood was also the leading fuel for the district heat
system during 2013 in Finland.?® A large portion of Europe’s
bio-heat is produced for district heating networks, and sales into
heat networks increased 12.9% in 2012.%

Use of biomass in small appliances has risen as well. By 2013,
Europe’s total stock of small-scale biomass boilers was about
8 million appliances, with annual sales of around 300,000
units. In addition to other modern appliance designs, around
1.85 million wood-burning stoves, cookers and fireplaces are
sold annually, with a total of some 55 million in operation.??
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The EU is the largest regional consumer of wood pellets, burning
over 15 million tonnes in 2013 (up 1 million tonnes annually
since 2010), with the largest share of demand coming from the
residential heat market.?®> The use of biomass, including pellets,
forheat productionisincreasingin North America aswell.?* Inthe
United States, the largest domestic market for the consumption
of wood pellets for heating is located in the northeast.?®

Biogas also is being used increasingly for heat production. In
developed countries, it is used primarily in CHP plants, with
relatively small amounts used in heat-only plants. In 2012,
most of the biogas produced in Europe was used on-site or
traded locally. Most was combusted to produce 110 TJ of heat
and 44.5 GWh of electricity.?® The small remainder used by
the transport sector was first upgraded to biomethane', with
limited volumes now being traded among EU member states by
injection into the natural gas grid. Considerable effort is under
way to remove trade barriers in order to expand this potential.?’

A number of large-scale plants that run on biogas are also
operating across Asia and Africa, including many for industrial
process heat.?® Biogas is also produced in small, domestic-scale
digesters, mainly in developing countries—including China,
India, Nepal, and Rwanda—and is combusted directly to provide
heat for cooking.

Bio-power Markets

An estimated 5 GW of bio-power capacity was added for a total
of 88 GW in operation at the end of 2013.2° Bio-power generated
around 405 TWh of the world’s electricity in 2013, assuming an
average capacity factor of over 50%.3° The United States is the
top producer of electricity from biomass, followed by Germany,
China, and Brazil. Other top countries for bio-power include
India, the United Kingdom, Italy, and Sweden.3!

The United States added nearly 0.8 GW of bio-power capacity
in 2013 for a total exceeding 15.8 GW at year’s end.3* Net U.S.
bio-power generation increased 3.9% compared with 2012, to
60 TWh.33 Solid biomass provided two-thirds of the total fuel,
and the remainder came from landfill gas (16%), organic MSW
(12%), and other wastes (6%).3*

To the south, Brazil increased its bio-power capacity more
than 10%, from 10.8 GW to 11.4 GW. Electricity generated
from sugarcane bagasse accounted for nearly 7% of national
electricity production, up from 6.7% in 2012, and the black
liquor share rose to over 1.1% (from just under 1%).%

In the EU, capacity additions during the year brought the
region's total to about 34.5 GW.2¢ Bio-power accounted for 5%
of the region’s new power capacity from all sources.®” Electricity
generated from biomass increased 7.9% relative to 2012, to
79 TWh.38

Germany'’s bio-power capacity increased by more than 0.5 GW,
to just over 8 GW by year’s end.?° Bio-power generation was up
about 7% to 48 TWh, and it accounted for 8% of Germany’s total
electricity generation in 2013.4° Sweden continued to generate
around 10% of total electricity from bio-power, with most of it
coming from solid biomass.*

i - Municipal solid waste includes inorganic (e.g., plastics) as well as organic components, of which only the latter are renewable. Only the organic component is
quoted in this report where possible, although data sources do not always separate out the share of “green” MSW from the remainder.

ii - Biomethane is produced from biogas after removal of carbon dioxide and hydrogen sulphide. It can be injected into the natural gas pipeline and is also used

as a vehicle fuel.
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Most wood pellets that are traded globally are used for electricity
generation. Inthe EU, residential heating accounts for the largest
share of pellet demand, but there is a large and growing demand
for imported wood pellets to produce electricity.*? To meet this
growing demand, the EU imported around 6.4 million tonnes in
2013. About 75% of total imports were from North America (an
increase of 55% over 2012), and much of the remainder came
from Russia and Eastern Europe.*® (See Reference Table R3.)

Use of biogas for power generation also is rising rapidly in
Europe. By the end of 2012, more than 13,800 biogas power
plants (up roughly 1,400 over the year), with a total installed
capacity of 7.5 GW, were in operation.** Germany has seen rapid
growth, particularly during 2009—2011, and still dominates the
market.*> However, while capacity expansion has continued
since then, Germany’s rate of annual increase has slowed in
response to changes in the renewable energy law.*¢ Sweden also
has growing bio-power shares from gaseous fuels.*

In China, bio-power capacity rose very rapidly for several years, but
growth has slowed recently due to limited availability of suitable
biomass.*® By the end of 2013, bio-power capacity reached
6.2 GW (excluding 2.3 GW of waste-to-energy combustion). Most
of this was direct combustion of agricultural and forestry biomass,
including 1.7 GW of bagasse, 1.2 GW from gasification of sludge
and biomass, 0.3 GW of large-scale biogas, and other sources.*®

India was also one of the top markets in 2013, adding about
0.4 GW of bio-power capacity in 2013, mostly by bagasse-based
CHP plants, to reach a total of over 4.4 GW by year’s end.®®
However, India’s capacity additions were around 40% below
those in 2012, and around 10% below the national target.!

Elsewhere in Asia, Japan added 0.1 GW under the new feed-in
tariff, for an estimated 3.4 GW at the end of 2013.%? In Thailand,
electricity from biomass, including biogas, has increased rapidly
over the past decade, and growth is set to continue with new
capacity under construction.®® In 2013, a contract was signed
for construction of a 9.5 MW facility in Samut Sakhon that will
run on coconut wastes (husks, shells, fronds, and leaves), and
the electricity will feed into the public grid under the attractive
biomass FIT.5*

Demand for bio-power is also driven by the renovation of old
and idled coal-fired power plants and their conversion to 100%
biomass. Expansion is occurring in the United States and
elsewhere.%® However, concerns about the revised regulatory
and policy framework in the United Kingdom led E.ON to halt its
plans to convert an existing coal plant to bioenergy.°®

Conversion of fossil fuel power plants to enable co-firing with
varying shares of solid biomass or biogas/landfill gas is also
increasing demand. By 2013, about 230 existing commercial
coal- and natural gas-fired power and CHP plants had been
converted, mainly in Europe and the United States but also in
Asia, Australia, and elsewhere.®” In Japan, Sumitomo Osaka
Cement, Nippon Paper Industries, and Idemitsu Kosan took
advantage of the national FIT for bio-power to reduce their
dependence on coal by part-substituting wood chips and
other biomass feedstocks.®® Further developments have been

constrained, however, with increasing awareness of practical
handling and operating limitations, such as reduced power
output with higher biomass shares.*

Transport Biofuel Markets

Global biofuel consumption and production increased 7% in
2013, to a total of 116.6 billion litres, following a slight decline
in 2012.%° (See Figure 6). World fuel ethanol volumes were up
around 5% to 87.2 billion litres, and biodiesel production was up
over 11% to 26.3 billion litres'. Hydrotreated vegetable oil (HVO)
continued to increase, but from a low base.

North America remained the top region for the production and
consumption of ethanol, followed by Latin America. Once again,
Europe produced and consumed the largest share of biodiesel.
In Asia, production of both ethanol and biodiesel continued to
increase rapidly.! Thailand, for example, continued its rapid
expansion of biofuels production (both ethanol and biodiesel),
which rose by around 30% in 2013 (after a 28% increase in
2012).? Its growth is due primarily to the Renewable Energy
Development Plan.®3 (See Reference Table R4.)

Global ethanol production was dominated by the United States
and Brazil, which retained their top spots and accounted for 87%
of the global total.®* U.S. ethanol production in 2013, at around
50 billion litres, was similar to 2012 production, and almost
all of this was made from corn feedstock.®® Ethanol displaced
about 10% of U.S. gasoline transport demand during the year.5¢
In addition, nearly 2.4 billion litres (630 million gallons) was
exported, primarily to Canada (54%) and the Philippines (9%);
the United Arab Emirates, Brazil, Mexico, and Peru were also
leading markets for U.S. ethanol.6” There was also significant
demand for the co-products of ethanol production, including
corn oil and livestock feed.®®

Brazil increased its sugarcane ethanol production by 18% (up
4.2 billion litres) in 2013, to reach around 25.5 billion litres.%°
Elsewhere in Latin America, Argentina nearly doubled its ethanol
production to almost 0.5 million litres, with the opening of a large
corn ethanol plant. The expansion was driven by Argentina’s 5%
ethanol fuel blend mandate.”® Other significant producers of
ethanol included China (2 billion litres) and Canada (1.8 billion
litres).”t

The EU has been the largest regional biodiesel producer for
years and, in 2013, it accounted for 10.5 billion litres of fatty acid
methyl ester (FAME) production plus 1.8 billion litres of HVO.”?
However, its share of the global total (about 42%) has remained
static in recent years.”®

By contrast, U.S. production of both biodiesel FAME and HVO
has risen rapidly over the past few years and accounted for 17%
of the global total in 2013 (up from 14.5% in 2012).”* Production
was up by one-third over the year to approximately 5.1 billion
litres, making the United States again the largest national
producer.”® U.S. output exceeded the Environmental Protection
Agency (EPA) target under the federal renewable fuels standard
(RFS), which called for inclusion of 4.8 billion litres (1.28 billion
gallons) in diesel fuel markets in 2013.76

i - Biodiesel is FAME (fatty acid methyl esters), with data for HVO (hydrotreated vegetable oil, also known as “renewable diesel”) shown separately. HVO is a
“drop-in” biofuel produced from waste oils, fats, and vegetable oils and has different markets than FAME biodiesel, including potential as aviation fuel. HVO
blends more easily with diesel and jet fuel than does FAME, has a lower processing cost, is compatible with existing diesel infrastructure, reduces nitrous oxide

emissions, and has greater feedstock flexibility.


http://reegle.info/glossary/1011
http://reegle.info/glossary/622
http://reegle.info/glossary/622
http://reegle.info/glossary/1011
http://map.ren21.net/#de
http://map.ren21.net/#de
http://map.ren21.net/#se
http://map.ren21.net/#cn
http://reegle.info/glossary/596
http://reegle.info/glossary/968
http://reegle.info/glossary/596
http://reegle.info/glossary/596
http://map.ren21.net/#in
http://map.ren21.net/#in
http://map.ren21.net/#jp
http://map.ren21.net/#th
http://reegle.info/glossary/596
http://reegle.info/glossary/596
http://reegle.info/glossary/596
http://map.ren21.net/#gb
http://reegle.info/glossary/1664
http://reegle.info/glossary/596
http://map.ren21.net/#au
http://map.ren21.net/#jp
http://reegle.info/glossary/596
http://reegle.info/glossary/596
http://reegle.info/glossary/606
http://reegle.info/glossary/606
http://reegle.info/glossary/606
http://map.ren21.net/#th
http://reegle.info/glossary/597
http://reegle.info/glossary/606
http://map.ren21.net/#br
http://map.ren21.net/#ca
http://map.ren21.net/#ph
http://map.ren21.net/#ae
http://map.ren21.net/#br
http://map.ren21.net/#mx
http://map.ren21.net/#pe
http://map.ren21.net/#br
http://map.ren21.net/#ar
http://map.ren21.net/#ar
http://map.ren21.net/#cn
http://map.ren21.net/#ca
http://reegle.info/glossary/606
http://reegle.info/glossary/606
http://reegle.info/glossary/1605
http://reegle.info/glossary/606
http://reegle.info/glossary/608
http://reegle.info/glossary/606
http://reegle.info/glossary/2628
http://reegle.info/glossary/1063

The United States was followed by Germany and Brazil, which
both increased their biodiesel production by around 16%
and 5%, respectively, to 3.1 billion litres and 2.9 billion litres.
Argentina was the fourth largest producer, at 2.3 billion litres.”
However, Argentina’s production declined almost 10% relative to
2012 as a result of anti-dumping duties placed by the European
Commission on imports of U.S. and Argentine biodiesel.”®

Demand for biodiesel in China is driven in part by tax and trade
incentives. China supplemented its small annual domestic
production of under 0.2 billion litres of biodiesel with about 1.9
billion litres of imported fuel.”? These imports took significant
market share away from the state’s oil refiners; in response, they
boosted exports of petroleum diesel, which led China to levy a
consumption tax on imported biodiesel as of 1 January 2014.%°

Certification and sustainability requirements have affected
international biodiesel trade. To take advantage of lower import
duties and feedstock flexibility, for example, EU biodiesel
producers have shifted the focus of their imports from biodiesel
to vegetable oils, used cooking oils, and animal fats.®! In 2013,
the Netherlands saw a strong increase in the import of palm oil
and other certified vegetable oils, much of which was processed
into HVO at facilities located at Dutch sea ports and then
redistributed to other parts of Europe.®? Globally, the production
of HVO increased around 16% in 2013, with most production in
Europe (1.8 billion litres), Singapore (0.9 billion litres), and the
United States (0.3 billion litres).®3

Despite the increase in global production of biofuels, several
markets faced challenges in 2013. These challenges included
sustainability concerns, a reduction in transport fuel demand
due to increased vehicle efficiency, and a growing interest in
vehicles that run on electricity and compressed natural gas.®* As
a result, markets were static in several countries.®® In Australia,
for example, biofuels maintained a 0.6% share of the transport
fuel mix in 2013, and the fuels have been slow to gain greater
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acceptance, in spite of the recently extended government grant
programmes to encourage production, and a biofuels mandate
in New South Wales.®¢

The use of biomethane as a transport fuel is increasing as well. In
Sweden, for example, bus fleets in more than a dozen cities rely
entirely on biomethane, local plants produce more than 60% of
the total biomethane used in Swedish natural gas vehicles, and
more filling stations opened in late 2012 and 2013.%” In Norway,
the company Cambi AS liquefies biomethane to provide fuel for
alocal bus fleet.®®

I BIOENERGY INDUSTRY

The bioenergy industry includes feedstock suppliers
and processors; firms that deliver biomass to end-users;
manufacturers and distributors of specialist biomass harvesting,
handling, and storage equipment; and manufacturers of
appliances and hardware components designed to convert
biomass to useful energy carriers and energy services. Some
parts of the supply chain use technologies that are not exclusive
to biomass (such as forage crop and tree harvesters, trucks, and
steam boilers).

Rising concerns about sustainability, particularly in Europe and
the United States, have led governments to define new guidelines
and regulations for bioenergy. Industries have responded by
adopting a number of initiatives by sector (e.g., for solid biomass
in the EU), for power and heat through the Sustainable Biomass
Partnership); by feedstock (e.g., the Roundtable for Sustainable
Palm Oil); and by fuel (e.g., the Renewable Fuels Association).®?
Many bioenergy companies are participating voluntarily in
sustainability certification schemes, using best management
practices (as endorsed by the industry) for feedstock supply
and processing, and absorbing associated costs into their
operations. In several developing countries, the industry is also
facing regulations that focus on the protection of biodiversity

Figure 6. Ethanol, Biodiesel, and HVO Global Production, 2000-2013
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and impacts on poverty, land tenure, food security, and social
equity.®® In addition, some corporate social responsibility (CSR)
schemes are including social programmes.*!

The industry has also responded by producing a number of
co-products from biomass feedstocks, such as chemicals
and animal feeds. This practice, known as “bio-refining,”
can maximise value and enhance profitability while reducing
greenhouse gas emissions. The U.S. “bio-refinery” industry has
expanded steadily, and, in 2013, it counted some 211 facilities
that were producing a range of co-products with ethanol; another
165 were expanding or under construction.®? Biorefineries also
exist in many other countries and include the newly opened
Amyris plant in Brazil, which converts sugarcane plant sugars into
avariety of renewable ingredients, including farnesene (used inter
alia in flavourings) and patchouli (used in fragrances), together
with renewable diesel and jet fuel.®

Solid Biomass Industry

During 2013, a large number of companies were actively
engaged in supplying equipment and bioenergy plants that
convert solid biomass—mainly wood chips and pellets—to heat
and electricity. Businesses in the United States, Europe, Asia,
and elsewhere were busy constructing new biomass heat and
power plants.®*

Particularly in the forest and sugar industries, CHP plants
typically are used for providing process heat on site, with surplus
electricity sold off-site as a source of revenue. Global waste-to-
energy plants together with landfill gas plants provided revenue
of around USD 12 billion in 2012, an amount that is projected to
increase by around 30% over the next 3—4 years.*®

Global pellet production reached 23.6 million tonnes in 2013, an
increase of nearly 13% over 2012 volumes.®® (See Figure 7). The
EU accounted for nearly half of global production, followed by
North America (33%).9” Companies in Canada and the United

States were busy building new pellet production facilities to keep
up with European demand; their 2013 shipments were up 50%
over 2012 and almost double those of 2011, reaching a value of
more than USD 650 million.®® The production of torrefied pellets
remained below 200,000 tonnes per year.*®

In response to the increase in international trade of solid
biomass, several shipping ports have begun to upgrade their
handling facilities to remain competitive.!®® For example, the
Port of Amsterdam had invested around USD 138 million (EUR
100 million) in biomass handling and storage as of early 2014.
The port handled the import of 100,000 tonnes of pellets and
wood chips in 2013, and expects the quantity to rise rapidly.t®!
Further investment is planned for the construction of dedicated
biomass storage capacity, with importers such as Cargill
(United States) and CWT Europe (Netherlands) watching
developments at several ports before committing their future
business.'? In 2013, Korea Southern Power and other Korean
energy and trading companies, including GS, LG, and Samsung,
were exploring pellet import opportunities with suppliers from
Australia, Canada, Indonesia, Malaysia, the United States,
Thailand, Vietnam, and elsewhere '

Gaseous Biomass Industry

In 2013, worldwide manufacture and installation of farm and
community-scale biogas plants continued for the treatment of
wet-waste biomass, including that from wastewater treatment
plants. The year also saw a further expansion of efforts to upgrade
biogas, sewage gas, and landfill gas to higher-quality biomethane
for use as a vehicle fuel or for injection into the natural gas grid.
Many food and fibre processing businesses continued to find
innovative ways to produce energy from their own waste materials.

Production of biogas is expanding rapidly in a number of countries,
although the actual volume of biogas produced is not known.1%4 In
the United Kingdom, the number of plants producing biogas rose

Figure 7. Wood Pellet Global Production, by Country or Region, 2000-2013
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from 54 in 2011 to 112 in 2012, and, in 2013, the first U.K. plant
to inject biomethane into the gas grid entered into operation.t%® A
further 200 U.K. sites had received planning consents by early
2014, with growth driven by policies to divert organic waste
from landfill sites in order to meet the EU Directive.'®® Elsewhere
in Europe, rapid expansion has also been driven by policy
changes.!%” For example, Italy alone saw its number of operational
biogas plants increase from 521 to 1,264 within a year, driven
primarily by a high feed-in tariff and support focussed on small-
scale plants.’®® The Czech Republic and Slovakia also have seen
significant expansion in the number of plants.'®® In the United
States, there were well over 2,200 plants producing biogas.!'°

The industry was busy in other regions as well, including Latin
America. Brazil had 24 biogas production plants operating in
2013 with capacity totalling 84 MW, and more were planned.!!!
Companies in Chile and Colombia were producing biogas from
their agricultural waste streams to generate electricity, some of
which is fed into the grid.}*

Several companies, including consultant SLR (U.K.), are building
new landfill gas sites in Africa and other regions. However, the gas
potential is often limited by waste composition, and poor control
and management, which render the landfill sites unsuitable for
gas production.’3

Thanks to recent technology advancements, companies are able
to produce gaseous fuels through the digestion of dry feedstocks,
using either a hydrolyser via the Schmack pre-treatment process
or a special Bioferm fermentation process.!'* Géteborg Energi
(Sweden) completed construction of a 20 MW facility that gasifies
forest residues and then converts the synthesis gases—hydrogen
and carbon monoxide—into biomethane.!'® This novel approach
aims for a 65% conversion efficiency of solid biomass to
biomethane that is suitable for grid injection. The excess heat
is used in a district heating scheme, resulting in 90% overall
conversion efficiency.!®

Liquid Biofuels Industry

Investment in biofuels production capacity continued to decline
in 2013, down to USD 4.9 billion from the 2007 peak of USD
29.3 billion.''” And despite the increase in production and
consumption, biofuels met only about 2.3% of total transport
fuel demand.!® Yet several new plants opened in 2013, and the
aviation industry demonstrated its continuing interest in the
development and use of advanced biofuels.

In 2013, there were 210 fuel ethanol plants in 28 U.S. states,
with installed nameplate capacity of more than 56 billion litres
(14.9 billion gallons); of this total, 192 plants were in operation,
representing production capacity of 53 billion litres. As of
early 2014, another seven plants were under construction or
expansion.'’® Although the EU continued its anti-subsidy barrier
against U.S. corn ethanol for another year, U.S. producers
retained strong earnings in 2013, thanks mainly to lower corn
prices (in 2012, prices were high due to drought). By early 2014,
however, U.S. producers were concerned about the potential
reduction to federal blending mandates and the possible future
elimination of advanced biofuels incentives.'?°

In Brazil, the ethanol price paid to producers in Brazil rose
15% from January to December 2013, due to the higher oil
prices and seasonal variations in sugarcane yields and sugar
prices.'?! During the year, Brazil had 367 registered sugarcane
ethanol plants in operation, and additional biofuel production
facilities were being planned.'?? For example, in late 2013/early
2014, POET (United States) finalised the details of its 50 million
litre per year corn ethanol plant that was to be constructed in
Mato Grosso do Sul, Brazil.'*®* However, the company faced
public concern about the expansion of corn ethanol production
and the possible impacts on commodity prices and the local
environment. The city already had two operating “flex”-ethanol
plants (using sugar cane and corn as feedstocks).!?*

In Argentina, Promaiz S.A. began production at its new 130
million litre capacity facility, the country’s largest ethanol
plant using corn feedstock. The plant, which incorporates a
continuous fermentation process, will provide biofuel to help
meet Argentina’s mandated E5 blend.'?®

The number of biodiesel producers in the United States reached
115 in 2013, with a total capacity of about 8.5 billion litres.
Production margins were reduced after the loss of a federal
tax credit for U.S. biodiesel blenders in 2011, and the industry
continued to struggle in 2013, mainly because the price of
soybeans (which constitute around half of the feedstock) did not
decline as expected.!?®

In Brazil, in contrast to rise in ethanol prices, the competitive
auction price for biodiesel declined by 12.7% compared with 2012.
The decrease was due to high soybean production levels and strong
global supply of vegetable oils. As a result, 60% of Brazil's biodiesel
production capacity remained unused in 2013.1%”

RENEWABLES 2014 GLOBAL STATUS REPORT
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Elsewhere around the world, several new processing plants
began operation with feedstocks other than corn and sugar
cane. They include Manildra (0.3 billion litres per year), the
only fuel ethanol producer in New South Wales, Australia,
to receive a government subsidy for producing ethanol from
wheat starch. Other feedstocks being used at plants in Australia
include red sorghum (United Petroleum) and molasses (at the
Wilmar Bioethanol plant).’?® In sub-Saharan Africa, cassava,
traditionally grown for beer and flour, is growing in popularity
as a biofuel feedstock. For example, Sunbird Bioenergy Africa
partnered with China New Energy to establish a USD 24 million
cassava-based ethanol plant in Nigeria (110 million litre per
year); it is expected to be the first of 10 such plants.'?®

Advanced biofuels using non-food feedstocks became
commercially available in 2013. In North America, U.S.-based
plants owned by Gevo and KiOR finally produced and sold their
first batches into the market.'*® Enerkem commissioned its
38 million litre per year biomethanol plant in Edmonton, Alberta,
using MSW as the feedstock.!3! By early 2014, cellulosic biofuel
production facilities were under developmentin 20 U.S. states.!*
In Europe, Novozymes and Beta Renewables opened a new
commercial plantin Italy which, as of commissioning in October,
was the world’s largest advanced biofuels facility. The plant will
produce ethanol from wheat straw, rice straw, and arundo donax
(a high-yielding energy crop that is grown on marginal land).!33
A commercial-scale plant also has been constructed in China.!34

Advanced biofuel demonstration plant developments in 2013
included the Canadian enzyme and biofuels company logen
licensing its ligno-cellulosic-to-ethanol technology (piloted for
10 years) to REP (Brazil). REP plans to make 40 million litres of
ethanol per year in a new USD 100 million plant.’*® Lanzatech
(New Zealand) uses hydrogen-producing microbes to convert
the carbon monoxide recovered from steel mill waste gases,
chemical plants, and biomass gasification, into drop-in,
hydrocarbon biofuels and chemicals, entering the Chinese
market.’*® In addition, Empryo BV, a subsidiary of BTG BY,
began construction of a pyrolysis plant in the Netherlands that
will produce 20 million litres of bio-oil annually; and Clarion’s
cellulosic demonstration plant in Straubing, Germany, ferments
wheat straw into ethanol that is then blended with conventional
fuel additives by Haltermann (Germany) to produce a novel
drop-in fuel equivalent to £20.1%7

The aviation industry continued to monitor the increasing uptake
of advanced biofuels, including those produced from algae. The
industry’s interest stems from the current high dependence on
petroleum fuels, uncertainty about long-term supplies, and the
lack of other suitable fuel alternatives.’3¢ In 2013, Boeing (United
States) claimed that there was enough biofuel production
capacity already in place to supply around 1% of jet fuel demand
(about 6 billion litres per year) at a competitive cost.'* The
Sinopec group, which runs oil refineries in China, was licensed
to market its own version of No. 1 Aviation Biofuel for use at the
commercial level.140

GEOTHERMAL POWER AND HEAT

% GEOTHERMAL MARKETS

Geothermal resources provide energy in the form of electricity and
direct heating and cooling, totalling an estimated 600 PJ (167 TWh)!
in 2013.! Geothermal electricity generation is estimated to be a
little less than half of the total final geothermal output, at 76 TWh,
with the remaining 91 TWh (328 PJ) representing direct use.’
Some geothermal plants produce both electricity and thermal
output for various heat applications.

At least 530 MW of new geothermal power generating capacity
came on line in 2013, bringing total global capacity to 12 GW,
generating an estimated 76 TWh annually.? Accounting for the
replacement of some existing units, the net increase in total
world capacity was at least 465 MW. This growth in cumulative
capacity of about 4% compares to an average annual growth rate
of 3% for the two previous years (2010-12).3

Countries that added capacity in 2013 were New Zealand,
Turkey, the United States, Kenya, Mexico, the Philippines,
Germany, ltaly, and Australia.* (See Figure 8.) At the end of
2013, the countries with the largest amounts of geothermal
electric generating capacity were the United States (3.4 GW),
the Philippines (1.9 GW), Indonesia (1.3 GW), Mexico (1.0 GW),
[taly (0.9 GW), New Zealand (0.9 GW), Iceland (0.7 GW), and
Japan (0.5 GW).® (See Figure 9.)

New Zealand installed 241 MW of new geothermal power
capacity in 2013, for net additions of 196 MW, increasing
total capacity by 30% to 0.9 GW. The Te Mihi plant (159 MW)
came on line in 2013, but problems with well pumps delayed
full commissioning into 2014.6 Te Mihi will eventually replace
parts of the Wairakei station, which was built in 1958, operating
at a higher efficiency level and with a smaller environmental
footprint.” Currently, the result is a net capacity increase of about
114 MW.2 Late in the year, New Zealand also commissioned the
82 MW Ngatamariki geothermal power station.® Reportedly
the world’s largest binary' installation, Ngatamariki re-injects
all used geothermal fluid back into the underground reservoir
without depleting it, thereby minimising emissions and other
environmental impacts.®®

Turkey added at least 112 MW of geothermal generating capacity
in 2013, for a total of at least 275 MW.!! Most notable may be the
installation of a 60 MW triple-flash turbine in the Denizli field.!?
Other capacity to come on line in Turkey in 2013 was made up
of smaller binary units.!®* Turkey promises to be an important
market in the region in the near future, with over 300 MW of
additional capacity under licence or construction at year's end.*

The United States added 84 MW of geothermal generating
capacity in 2013, for a total of 3.4 GW, representing nearly 29%
of total world operating capacity. One of the larger U.S. plants
to come on line in 2013 was Enel Green Power's 25 MW binary
plant in Fort Cove, Utah.’> Although relatively small in capacity,

i - This total does not include the output of ground-source (geothermal) heat pumps.

i - The estimated value for direct use output is subject to great uncertainty due to incomplete and conflicting data.

iii - In a binary plant, the geothermal fluid heats and vaporises a separate working fluid, which drives a turbine for power generation. Each fluid cycle is closed,
and the geothermal fluid is re-injected into the heat reservoir. In a conventional thermal power plant, the working fluid is water. Organic Rankine Cycle (ORC)
binary geothermal plants use an organic fluid with a lower boiling point than water, allowing effective and efficient extraction of heat for power generation from
relatively low-temperature geothermal fields. The Kalina cycle is another variant for implementing a binary plant. (See for example: Ormat, “Binary Geothermal
Power Plant,” http://www.ormat.com/solutions/Geothermal_Binary_Plant, and U.S. Department of Energy, Geothermal Technologies Office, “Electricity

Generation,” http://wwwl.eere.energy.gov/geothermal/powerplants.html.)
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perhaps the most significant U.S. project completed in 2013 was
the Desert Peak 2 (1.7 MW) in Nevada, the first commercial grid-
connected EGS (enhanced or engineered geothermal system)
installation in the United States (see more on EGS below).!® Desert
Peak 2 is located within an existing operational geothermal
field (“in-field”) and serves to enhance its overall productivity.'”
Nevada is also home to the new Don A. Campbell binary plant
(16 MW), notable for cost-effective power generation from a
relatively low-temperature resource, and the first 30 MW phase
of the Patua plant.’® In addition, 12 MW of repowering and
refurbishment took place at two U.S. facilities during 2013.%°

Kenya is one of the fastest-growing geothermal power markets
in the world. In 2013, the country added 36 MW of capacity at
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the Olkaria lll complex. A further 16 MW was added to Olkaria
[Il'in early 2014, bringing the complex to a total of 110 MW.2° As
of early 2014, Kenya had another 280 MW of geothermal power
capacity under construction.?

Mexico completed the second of two 25 MW units of the Los
Humeros Il project, replacing 15 MW of existing capacity.??
Ongoing reforms to Mexico’s energy laws are expected to spur
growth and involvement of private parties in the country’s
geothermal development.??

Also in 2013, the Philippines began operations at the 20 MW
Maibarara geothermal power plant.?* At year’s end, the country’s
portfolio of geothermal power plants stood at 1.9 GW, second
only to that of the United States, with another 40 MW expected

GEOTHERMAL POWER

Figure 8. Geothermal Power Capacity Additions, Share of Additions by Country, 2013
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Figure 9. Geothermal Power Capacity and Additions, Top 10 Countries and Rest of World, 2013
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tocomeonlinein 2014.2° The three new plants in Kenya, Mexico,
and the Philippines are all registered CDM projects under the UN
Clean Development Mechanism, and thus credited for reducing
greenhouse gas emissions.?®

Several relatively small plants came on line in Europe during the
year. Southern Germany has been active in development of binary
plants with two 6 MW units completed near Munich in late 2012
and early 2013.%7 In addition, Germany’s co-generating Sauerlach
binary plant (5 MW / 4 MW;,) was inaugurated in January 2014,
delivering heat in addition to electricity.?® In ltaly, a 1 MW
binary plant was installed at the volcanic area of Monte Amiata
(Tuscany).?® While Europe still has far more conventional dry-
steam and flash geothermal capacity than the low-temperature
binary variety, future growth potential for binary plants is very
promising.*®

With growing reliance on variable renewable resources, such as
solar PV and wind power, there is also increasing interest in the
potential for geothermal power to provide renewable balancing
power and storage capability. It has been noted that geothermal
power can be designed with the necessary flexibility, especially
in locations where the growing need for balancing resources and
geothermal potential coincide, as in California.®!

Geothermal direct use refers to direct thermal extraction for
heating and cooling, exclusive of heat pumps.' 3 (See Sidebar
4, page 42.) The main applications for direct use of geothermal
energy are space heating (including district heat networks),
domestic hot water supply, direct and indirect heating of public
baths and swimming pools, greenhouse heating, industrial
process heat, aguaculture, and agricultural drying.*3

Geothermal direct use continued to grow during 2013, with
capacity added in at least a number of European countries. It is
estimated that global direct use was in the range of 280-375 PJ
during 2013, with a mean of 328 PJ (91 TWh).3* This wide range
reflects widely varying data for China, which is a significant user
of geothermal for heat purposes.®® The collection of data on
direct use of geothermal energy is lacking.3¢

Direct use is concentrated among the few countries where good
geothermal resources coincide with heat demand that can
easily be served by the resource, such as Iceland, and where
geothermal heat has served both industry and social traditions,
suchasthermal bathsin Japan, Turkey, and Italy.3” The countries
with the largest geothermal direct use capacity are China
(3.7 GWi, in 2010), Turkey (2.7 GWy, in 2013), Iceland (2.2 GWy,
in 2013), Japan (2.1 GW,, in 2010), Italy (0.8 GWy, in 2012), and
Hungary (0.7 GWy, in 2012).38 Together, these countries account
for about half of total global capacity, estimated to be in the
range of 19-26 GW;,, with a mean of 22.6 GW,,.%°

China remains the presumptive leader in direct geothermal
energy use, but estimates range from 13 TWhin 2009 to 45 TWh
in 2011, or about 20—50% of global output.®® Other top users
of direct geothermal heat are Turkey (estimated 16.4 TWh in
2012)% Iceland (7.8 TWh in 2013), Japan (7.2 TWh in 2013), and
Hungary (2.8 TWhin 2012).4

Among notable new thermal plants that opened in 2013 is a
district heating plant (60—70 MW,,) in Miskolc, Hungary.*> The
project exceeded initial expectations and is considered to be
among the better low-temperature wells in mainland Europe,
producing 70-90 litres per second at 100 °C.** In Italy, a 6 MW,
district heat system was inaugurated by Enel Green Power in April
to serve municipalities in Tuscany.** In early 2014, a cogeneration
plant with thermal capacity of 4 MW (noted above) was
inaugurated in Sauerlach, Germany.*®

In Europe, there have been recent efforts to improve accounting
of direct use geothermal energy across all sectors, specifically
balneology (e.g., spas, swimming pools), which may not have
been fully reported before.*® Such examination reveals divergent
profiles for geothermal heat applications. For example, district
heating commands a relatively minor share of geothermal heat
capacity in Hungary (19%), Turkey (30%), and Italy (10%), but
very substantial shares in France (81%), Iceland (80%), and
Germany (77%).4

i -Direct use refers here to deep geothermal resources, irrespective of scale, as distinct from shallow geothermal resource utilisation, specifically ground-source
heat pumps. In addition, the term hydrothermal energy is reserved for energy stored in the form of heat in surface water, as per Article 2(d) of European Council
Directive 2009/28/EC. Heat pumps—whether geo-, hydro, or aerothermal—are discussed in Sidebar 4.

ii - Estimate based on 2012 capacity and 2010 capacity factors. Of this total, 11 TWh is associated with bathing and swimming, of which the 2010 data on

capacity utilisation is notably high at 100%. See Endnote 38 for this section.
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% GEOTHERMAL INDUSTRY

In 2013, the geothermal industry, often with the support of
governments, continued to pursue technological innovation for
expandedresource accessandimproved economies of extraction.
Objectives include improving the efficiency of conventional
geothermal resources utilisation, as well as advancing techno-
logies that allow expanded use of low-temperature fields for both
power and heat, thereby increasing the application of geothermal
energy beyond high-temperature locations.

Among notable industry advances in 2013 was Australia’s
first EGS facility, one of only a handful of such projects in the
world. Geodynamics’ (Australia) Habanero Pilot Plant (1 MW)
in the Cooper Basin of South Australia successfully completed
its initial 160-day trial in 2013, with production and injection
wells extending more than four kilometres into hot granite.*®
In Italy, Enel Green Power (ltaly) started operation of its 1 MW
binary plant at Monte Amiata, fitted with a first-of-its-kind radial
outflow ORC turbine by Exergy (Italy), which is said to advance
generating efficiency.*® The industry also saw some repowering
and refurbishment of existing facilities. Ormat Industries (United
States) refurbished a 7.5 MW unit in California and repowered a
4 MW plant in Utah.®°

The geothermal industry, whether it is in power or heat
generation, is made up of a relatively few firms that work on
the various segments of geothermal project development,
from exploration, drilling, engineering, and design, through
construction and, finally, plant operation. Some of these firms
are vertically integrated, in that they work on most or even all
stages of geothermal project development, while others are
highly specialised.®® For example, Enel, Ormat Industries,
and Chevron (United States) are vertically integrated energy
companies.® Highly specialised firmsinclude drilling contractors
like Thermasource (United States) and Iceland Drilling (Iceland),
as well as engineering firms with specialised knowledge of the
geothermal projects, such as Mannvit (Iceland), Verkis (Iceland),
and Power Engineers (United States).

Some firms possess particular expertise and proprietary
technology within the industry. These include, for example,
Ormat, whichspecialisesindesign, engineering,and construction
of binary (ORC) power plants and their components, such as
the Ngatamariki plant that opened in New Zealand in 2013;
Turboden (Italy), which specialises in binary turbine-generators,
such as the 5.6 MW unit inaugurated in 2013 near Munich,
Germany; and Exergy, which implemented a new turbine design
in Italy, as noted above.®>® Other suppliers of turbine-generator
components count the industrial heavyweights that also operate
in the thermal (fossil and nuclear) and hydropower sectors,
such as Mitsubishi Heavy Industries, Toshiba, Fuji Electric (all
Japan, commanding about two-thirds of the turbine-generator
market), Alstom (France), Ansaldo Energia (ltaly), and Siemens
(Germany).>*

Whether for heat or power generation, the industry continues to
face many technology challenges. Areas that need improvement
include discovery, access, maintenance, and monitoring of the
geothermal resource, whether it is conventional geothermal,
low-temperature, or a candidate for Enhanced Geothermal
Systems (EGS).*® To that end, the industry is applying innovations
thatinclude directional drilling and other lessons from the oil and
gas sectors.® In those locations where sufficient heat demand
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coincides with geothermal resources, such as the new Sauerlach
plantin Germany, the development of combined heat and power
is also helping to improve project economics.%”

Enhanced geothermal systems are on the forefront of
technological innovation in the industry and represent a very
significant potential. This relatively new technology was pioneered
inthe United States, but the world’s first grid-connected EGS plant
to come on line was the 2 MW Soultz facility in France in 2008.58
EGS enhances extraction of heat by fracturing subsurface rock
for greater permeability, allowing production similar to naturally
occurring conventional geothermal fields.>® Unlike conventional
geothermal resources, which are limited to relatively few places
on Earth, the heat bound in deep rock that EGS is designed to tap
into is far more widespread and plentiful, but also more difficult
to harness.

Despite the large potential of EGS, attracting the requisite funds
to advance EGS technologies is reportedly a challenge, largely
because they may still be 10—15 years from commercial maturity
and carry significant technological risk.%° Key priorities for the
EGS industry today are continued advances in the technology of
sustainable field enhancement and reduced drilling costs.®! The
industry is learning to control and reduce risks of any adverse
effects associated with EGS development so that the vast
potential of EGS may materialise.5?

Project risk is a uniquely significant aspect of geothermal
development in general. A typical geothermal plant may take
5—7 years from start to finish, with up to five years devoted
to exploration, test drilling, and field development before
construction of the plant itself.®® Project developers face
significant financial risk of high upfront cost and long lead
times, but also the risk of failing to meet required parameters
at each stage of development, from initial exploration to plant
operation.t*

To manage this risk, one urgent objective is better and more-
comprehensive global geothermal resource assessment.5®
Several countries have implemented risk funds, insurance
funds, or loan guarantees to absorb some of the risk, with
renewed enthusiasm for establishing a single fund for the
European Union.®® The U.S. Department of Energy provides
targeted financial support to the geothermal sector, and
Japan’s Qil, Gas and Metals National Corporation provides
liability guarantees but also direct funding and information on
geothermal resources.®” To uncork the bottleneck on behalf of
developing countries, in 2013 the World Bank launched a Global
Geothermal Development Plan to focus the attention of donors
and multilateral development banks on exploratory test drilling
rather than just the production phase of geothermal projects.
The Plan had an initial target funding of USD 500 million.®®
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MARKET AND INDUSTRY TRENDS

SIDEBAR 4. HEAT PUMPS AND RENEWABLE ENERGY

Heat pumps provide heating, cooling, and hot water for
residential, commercial, and industrial applications by drawing
on one of three main sources: the ground, ambient air, or water
bodies such as lakes, rivers, or the sea.' Heat pumps can also be
employed efficiently using waste heat from industrial processes,
sewage water, and buildings. The energy output of heat pumps is
at least partially renewable on a final energy basis.

As the term implies, heat pumps transfer heat from one area
(source) to another (sink) using a refrigeration cycle driven by
external energy, either electric or thermal energy. Depending on
the inherent efficiency of the heat pump itself and its external
operating conditions, it is capable of delivering significantly
more energy than is used to drive the heat pump. A typical input-
to-output ratio for a modern electrically driven heat pump is 4:1,
meaning that the heat pump delivers four units of final energy for
every one unit of energy it consumes, which is also known as a
coefficient of performance (COP) of 4. That incremental energy
delivered is considered the renewable portion of the heat pump
output.

For a heat pump that operates at a seasonal COP of 4, the
renewable component is at least 75% (3 out of 4 units) on a
final energy basis. However, the renewable share on a primary
energy basis can be much lower." The total share of renewable
energy delivered by a heat pump on a primary energy basis
depends not only on the efficiency of the heat pump and its
operating conditions, but also on the composition of the energy
used to drive the heat pump. In addition, for electrically driven
heat pumps, the overall efficiency and renewable component
depends on both the generation efficiency and the primary
energy source of the electricity (renewable, fossil fuel, or
nuclear). When the energy source is 100% renewable, so is the
output of the heat pump.

Data on the global heat pump market, installed capacity, and
output are fragmented and limited in scope. Recent versions of
the GSR have provided estimates of global ground-source heat
pump installations and output, based largely on comprehensive
survey data prepared in 2010. Such surveys have been updated
for Europe in 2013 but updates for other regions are not yet
published. For air- and water-source heat pumps, less is known
about current global capacity and output, again with the
exception of Europe.

The European heat pump market saw steady growth until about
2008 but has since shown relative stagnation and actually
contracted overall from 2011 to 2012. Europe saw at least
0.75 million units sold in 2012, with most of the market (86%)
dominated by air-source heat pumps. For use in new buildings,

there is an ongoing shift from ground-source to air-source units
as they improve in efficiency and economy. As new buildings
become more efficient, the economics of ground-source heat
pumps makes the pumps attractive for large and very large
buildings, while growth is limited for single-family homes.
Overall, heat pumps have achieved a relatively stable 15% share
of European heating system installations.

The most significant trend related to heat pumps is towards the
use of hybrid systems that integrate several energy resources
(such as solar thermal or biomass with heat pumps) for the range
of heat applications. There is also growing interest in the use of
larger-scale heat pumps for district heating as well as industrial
processes. For example, Denmark has been developing the use
of absorption heat pumps for district heating, the latest being
a 12.5 MW plant at Sgnderborg, commissioned in 2013. In
neighbouring Norway, Star Refrigeration (U.K.) opened a 14 MW
hydrothermal heat pump system in the municipality of Drammen
in early 2014, utilising sea water for district heating.

In 2009, the European Commission set out to standardise
calculation of heat pump output and to define the renewable
component thereof, noting first that the final energy output
of any heat pump counted in this context would have to
“significantly” exceed the primary energy consumed. At the
time, the Commission provided a formula for calculating the
renewable component of heat pump output that took into
account both the operating efficiency of the heat pump itself
(seasonal performance factor'’) and the average ratio of primary
energy input to electricity production across the EU. This
serves to standardise assumptions about the renewable energy
contribution of heat pumps in Europe and to ensure that the net
final energy output that is counted under these new rules will
always exceed the primary energy (including primary energy in
electricity generation) used to drive the heat pumps.

In March 2013, the Commission issued remaining rules for
applying its formula, including default values for climate-specific
average equivalent full-load hours of operation and seasonal
performance factors for various heat pumps. The default values
resulted in @ minimum COP of 2.5 for electrically driven heat
pumps in 2013, well below the average value of new units.

i - Also called geothermal, aerothermal, and hydrothermal sources. Ground-source heat pump applications generally rely on shallow geothermal energy
(covering depths of up to 400 metres), clearly distinguished from deep geothermal (medium-to-high temperature) resources, mostly for direct use and

geothermal power generation.

ii - A heat pump providing four units of final energy for every one unit of energy input (COP of 4), driven by electricity from a thermal plant at 40% efficiency,
provides about 1.6 units of final energy for every one unit of primary energy consumed (4/(1/0.4) = 1.6).

iii - Seasonal Performance Factor (SPF) refers to the net seasonal coefficient of performance (sCOPnet) for electrically driven heat pumps or the net primary
energy ratio (sSPERnet) for thermally driven heat pumps, per Commission Decision of 1 March 2013 (2013/114/EU).

Source: See Endnote 32 for this section.
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HYDROPOWER

*" HYDROPOWER MARKETS

An estimated 40GW of new hydropower capacity was
commissioned in 2013, increasing total global capacity by about
4% to approximately 1,000 GW.'! Global hydropower generation,
whichvaries each yearwith hydrological conditions, was estimated
at 3,750 TWhin 2013.2 The top countries for hydropower capacity
and generation remained China (260GW/905TWh), Brazil
(85.7GW/415TWh), the United States (78.4GW/269 TWh),
Canada (76.2 GW/388 TWh)', Russia (46.7 GW/174.7 TWh), India
(43.7 GW/estimated 143 TWh), and Norway (29.3 GW/ 129 TWh),
together accounting for 62% of global installed capacity.® (See
Figure 10 and Reference Table R6.) An estimated 2 GW of pumped
storage capacity was added in 2013, bringing the global total to
135-140 GW.ii4

The lion’s share of all new capacity in 2013 was installed by China,
with significant additions by Turkey, Brazil, Vietnam, India, and
Russia.® (See Figure 11.) China commissioned a record 29 GW, for
a total of 260 GW of hydropower capacity at year’'s end. Among
significant milestones for China in 2013 was the start of operations
at the Xiluodu plant in July, with 9.2 GW of capacity generating
electricity by year’s end. Xiluodu is expected to reach full capacity
(13.86 GW) by mid-2014, when it will rank as the third largest
hydropower plant in the world, behind China’s Three Gorges and
Brazil’s Itaipu.®

The 6.4 GW Xiangjiaba plant, also on the Jinsha River, will be
China’s third largest hydropower plant when completed in 2015.
By mid-2013, four 800 MW turbine-generators—reported to
be the world’s largest hydroelectric units—had been installed
at this facility.” By the country’s own accounts, investment in
China’s hydropower infrastructure exceeded USD 20 billion
(CNY 124.6 billion) for the year.® Chinese banks and industry
have also pursued hydropower projects overseas, with a notable
presence in Africa and Southeast Asia.®

Turkey continues a rapid expansion in its hydropower sector to
meet significant growth in national electricity demand. After
adding about 2 GW in 2012, Turkey brought another 2.9 GW on
line in 2013, for a total of 22.5 GW, placing Turkey among the
top 10 countries for hydropower capacity.!® Turkey’s hydropower
capacity generated 59.2 TWh in 2013.11

Brazil added at least 1.53 GW and possibly as much as 2 GW
in 2013, including 264 MW of small-scale hydro (<30 MW)
capacity, for a year-end total of at least 85.7 GW.!? The 334 MW
Simplicio plant, completed mid-year, is considered notable for
its high power output relative to reservoir area.'® In addition,
two run-of-river plants, both part of the Madera River complex,
advanced during 2013. The first of fifty 75 MW turbines at the
Jirau plant (3.75 GW) became operational and, by year’s end,
the Santo Antonio plant (3.6 GW) had 22 turbines in operation.
Santo Antonio was expanded from 44 to 50 bulb-type turbines
to improve operational flexibility in a river characterised by great
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flow variability.* These two plants exemplify a trend in Brazil
away from larger reservoirs and toward run-of-river projects,
driven in part by the objective of reducing land use in sensitive
areas and improving project sustainability.’® The Belo Monte
has also been modified to address sustainability concerns.
To reduce flooded area, its reservoir capacity will be smaller
than originally planned, with a firm year-round capacity of
only 4.5 GW; however, it will retain a peak seasonal capability
of 11.2 GW, second in Brazil only to the 14 GW ltaipu plant.t
Another significant project under way in 2013 was the Teles
Pires project (1,820 MW by 2015), which overcame charges of
having neglected obligatory social impact studies.!”

Vietnam has developed its hydropower resources at a rapid
pace in recent years. It appears that at least 1.3 GW of capacity
was added in 2013, for a total of 14.2 GW installed.’®* However,
following earthquake damage at the Song Tranh 2 dam, as
well as concerns about adverse social impacts associated
with resettlements, local and central governments are taking
a more measured approach to the development of additional
hydropower facilities, calling for evaluations of safety at existing
dams and curtailment of new hydropower development.*®

Significant capacity was also added in India and Russia during
2013. India installed 0.8 GW of hydropower capacity in 2013, of
which nearly 0.6 GW was in installations larger than 25 MW.2°
In late 2013, the Permanent Court of Arbitration in The Hague
gave a green light to India’s 330 MW Kishenganga plant, having
determined that it would qualify as a run-of-river plant and
thus not violate terms of the 1960 Indus Waters Treaty with
Pakistan.? Russia may have installed as much as 3.2 GW of
new turbine-generators during the year, but the net increase in
installed capacity amounted to only 0.7 GW, with rehabilitation
of existing facilities presumably accounting for the difference.??

Africa saw at least two projects completed during the year.
Ghana’s second largest hydropower station, the 400 MW Bui
plant, and Gabon’s 160 MW Grand Poubara plant both became
operational in late 2013.22 These plants were built by Sinohydro
(China) and financed largely by China Exim Bank.?* Meanwhile,
rehabilitation started on the 350 MW Inga 1, which entered
service in the early 1970s.?° There are many ageing facilities in
Africa that operate below original rated power and now require
refurbishment, such as ongoing work on the Kainji and Jebba
plants in Nigeria.?®

There is growing support for future development in Africa, and
many impending new hydropower sites exist on the continent.
During 2013, Alstom (France) was awarded a contract for eight
375 MW Francis turbines at the Grand Renaissance Dam in
Ethiopia, a project that will total 6 GW and has raised tensions
with downstream Sudan and Egypt over water rights.?” The
World Bank announced funding for the Regional Rusumo Falls
plant (80 MW) under its new Great Lakes Regional Initiative, with
the primary aim of increasing power supply for the people of
Tanzania, Rwanda, and Burundi.?® Also in 2013, a new purchase
agreement between South Africa and Congo prompted an

i-The GSR 2013 reported a global total of 990 GW at the end of 2012, but that figure has been revised downward by 30 GW. For additional information, see
Methodological Notes, page 142, and Endnote 1 of this section. Unless otherwise specified, all capacity numbers exclude pure pumped storage capacity if

possible.

ii - Despite slightly lower total capacity, Canada’s baseloaded output exceeds the more load-following output in the United States.

iii - Pumped hydro plants are not energy sources but means of energy storage. As such, they involve conversion losses and are powered by renewable or
non-renewable electricity. Pumped storage can play an important role as balancing power, in particular for variable renewable resources. Some conventional

hydropower plants also have pumping capability.
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HYDROPOWER

Figure 10. Hydropower Global Capacity,
Shares of Top Six Countries, 2013
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China

announcement that construction of the Inga 3 project (4.8 GW)
on the Congo River would begin by late 2015.2° This project is
the long-anticipated next step towards what might become the
largest hydropower complex in the world, at about 40 GW.3°

Pumped storage capacity expanded during 2013 in China and
Europe. China added 1.2 GW of pure pumped storage capacity
for a total of 21.5 GW.3! In addition, the last phase of Spain’s La
Muela pumped storage complex was inaugurated, counting 2
GW of capacity at year’s end.®? La Muela was conceived as part
of a backbone for Spain’s extensive variable renewable power
capacity.® It has been argued that further expansion of storage
capacity, which is considered increasingly important as shares

of variable wind and solar power rise, will require that markets
place greater monetary value on facilities that provide storage
and ancillary services.>* Variable resources have helped to
moderate peak system loads and thus peak power prices, but
in doing so, they may also have upset the traditional business
model for pumped storage. Subsequently, power markets may
need to evolve to reflect these changing circumstances.=®

Looking ahead, plans for future hydro pumped storage projects
in Europe are said to be hampered by onerous market conditions
such as two-way transmission fees (for both generation and
pumping).*¢ On the other hand, Germany appears to have
addressed such concerns to some extent and has expanded
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exemptions for pumped storage facilities from grid charges
under certain conditions.®” However, pumped storage has
always had relevance outside the context of variable resources.
For instance, Japan’s 26 GW of pumped storage capacity (in
addition to 22 GW of conventional hydropower capacity), was
conceived primarily as load-following support to baseload
nuclear power; going forward, it will be used increasingly to
balance variable resources.*®

Any shortage of transmission capacity and interconnection
can constrain both access to hydropower resources and their
potential for balancing variable renewable resources.*® Trans-
border interconnections conceived primarily to facilitate flow
of hydropower include the Eastern Electricity Highway between
Ethiopia and Kenya, which was launched in 2013 and could
carry up to 2 GW upon completion, planned for 2018.4° The
1,800 kilometre Central American SIEPAC' interconnection
was largely completed in 2013, improving transmission
capacity and reliability across the region. Despite its modest
scale (300 MW capacity), it is regarded as an opportunity to
increase implementation of large and small renewable energy
projects, including hydropower.#! In North America, at least two
interconnection projects were under consideration in 2013 to
bring Canadian hydropower to U.S. markets: the controversial
Northern Pass project that would supply 1,200 MW of baseload
power from HydroQuebec (Canada) to New England, and an
agreement to complement a North Dakota wind farm with
250 MW of balancing supply from Manitoba Hydro (Canada).*?

In 2013, the World Bank Group announced that it remains
committedtoenvironmentallyand socially sustainable hydropower
projects of all sizes and types, highlighting hydropower’s role
in climate change mitigation, but also its vulnerability to any
climate-related water scarcity.** Uncertainty regarding the future
impact of climate change on hydropower and other renewable
energy technologies—including energy production, policies,
and markets—prompted Norway’s Statkraft to launch an R&D
programme on the topic.**

" HYDROPOWER INDUSTRY

Hydropower capacity additions in the five-year period end-2008
to 2013 were significantly greater than during the previous five
years.*® However, despite a significant jump in new capacity
in 2013, the intake of new orders for some major companies
declined relative to 2012.

For example, Andritz Hydro (Austria) reported that both sales
and new orders were down from very high levels in previous
years, although project activity was deemed satisfactory for
small-scale hydropower.*® New orders were down for Voith Hydro
(Germany) as well. Sales increased by 6% in the 2012—13 fiscal
year, but the market was below Voith’s expectations. However,
the company noted that the market for plant modernisation
is a major driver of new orders in many regions.*” Voith also
announced advances in the area of very large generating units
(such as the 784 MW turbines supplied to the Xiluodu plant in
China), as well as small in-stream and low-head units, such as its
prototype StreamDiver.*®

Alstom (France) noted a slowdown in demand for new capacity
but growing demand for rehabilitation of the ageing stock of

i - Sistema de Interconexién Eléctrica de los Paises de América Central.

existing plants.*® Aiming to strengthen its capacity in China,
Alstom inaugurated its upgraded hydropower industrial site
in Tianjin, which supplied four 800 MW Francis turbines to the
Xiangjiaba plant in 2012—13.%° Alstom also inaugurated a global
hydropower technology centre in Grenoble, France, for all of its
hydropower R&D.%!

Dongfang’s (China) production of hydropowerturbine-generators
was reported to be 4.2 GW in 2013, up 28.6% from 2012. A
company highlight for the year was installation of a 770 MW unit
at the Xiluodu plant. Harbin (also in China) produced 3.2 GW of
hydropower turbine-generators during the year, a decrease of
3.7% relative to 2012.%?

The hydropower industry is tackling projects of ever-larger
capacity, and manufacturers are setting new records for
capacity of individual turbines (=800 MW per unit). At the same
time, there are indications of a trend towards reduced reservoir
capacity and the development of multi-turbine run-of-river
projects, as seen in Brazil. As part of this trend, the industry
has been developing more-flexible turbines that can adapt to
varying flow rates. The use of multiple in-stream turbines in
place of few large ones requires different technology, materials,
and expertise.®® Another trend is the rise of regional approaches
to system development, including interconnection, and a view
of hydropower as complementing other renewable energy
technologies.>*

OCEAN ENERGY

% OCEAN ENERGY MARKETS

Ocean energy refers to any energy harnessed from the ocean by
means of ocean waves, tidal range (rise and fall), tidal currents,
ocean (permanent) currents, temperature gradients, and salinity
gradients.! At the end of 2013, global ocean energy capacity was
about 530 MW, with most of this coming under the category of
tidal power.?

The largest ocean energy facilities in operation are all tidal
projects and are used for electricity generation. They include the
254 MW Sihwa plant in South Korea (completed in 2011), the
240 MW Rance station in France (1966), the 20 MW Annapolis
plant in Nova Scotia, Canada (1984), and the 3.9 MW Jiangxia
plant in China (1980).® Other projects are smaller, and many
are pre-commercial demonstration projects, with a notable
concentration of tidal and wave energy development installations
(about 11 MW) in the United Kingdom.

Although no commercial capacity additions were identified
for 2013, some large pilot machines were installed at the
European Marine Energy Centre (EMEC) in Orkney, Scotland.
Alstom (France) deployed its 1 MW tidal stream turbine there in
early 2013, which subsequently reached full power operation;
further testing was to continue into 2014.# Another tidal turbine
deployed at EMEC in 2013 was the 1 MW HyTide unit by Voith
Hydro Ocean Current Technologies (Germany), following testing
of a smaller model in South Korea.®

Several large projects were also granted consent in 2013 and
early 2014, with construction expected to begin within the next
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few years; most of these developments are planned for U.K.
coastal waters. Scotland awarded approval to MeyGen Ltd.
(U.K.), now fully owned by Atlantis Resources Ltd. (Singapore),
for the 86 MW first phase of what could eventually be a 398 MW
tidal array in the Inner Sound of Pentland Firth. MeyGen plans
to start with a demonstration of six turbines, with construction
commencing in 2014.5 Consent was also granted for a 40 MW
(40—50 device) wave farm off the coast of Lewis, Scotland, which
is considered one of the best wave energy locations in Europe.
The deployment of Aquamarine Power’s (Scotland) Oyster wave
energy devices will take place in the coming years, alongside
necessary grid interconnection.”

In March 2014, the U.K. government accepted an application
for the proposed 240 MW Swansea Bay Tidal Lagoon, advancing
this concept closer to realisation.® Construction is planned for the
period 2015-2018.° Meanwhile, the proposed Severn Barrage
in Wales (U.K.), which might provide 5% of the U.K.’s electricity
demand if built, was dealt a heavy blow when a parliamentary
committee said that the project should not go ahead as
presented because it had not yet demonstrated evidence of
economic, environmental, and technological viability.?°

Another potential 240 MW tidal project, proposed for the
Alaska coast (United States), was granted a preliminary permit
extension in early 2014, for the purpose of establishing project
feasibility.!

% OCEAN ENERGY INDUSTRY

Ocean energy technologies continued to advance during 2013,
with a wide variety of devices under development. Industry firms
advanced their goals through acquisitions and collaborative
agreements, and governments often lent a hand.

Scotland’s EMEC, the world’s leading test facility for wave
and tidal energy converters, continued to share its expertise
globally during 2013. It announced an agreement to help set
up a test facility in Singapore—the latest of several agreements
with parties across North America and Asia.’? In addition,
neighbouring Ireland recently launched its Offshore Renewable
Energy Development Plan, committing funds for test facilities,
R&D, and a feed-in tariff for ocean power.® (See Policy
Landscape section.)

Alstom started the year by completing the acquisition of Tidal
Generation Limited from Rolls-Royce Holdings plc.’* By an
agreement between Alstom and ScottishPower Renewables
(Scotland), which is owned by Iberdrola (Spain), four of Alstom’s
1 MW tidal turbines will be deployed at the planned Sound of
Islay array, beginning in late 2015.'5 In late 2013, Voith Hydro
acquired the remaining 20% share of Voith Hydro Ocean Current
Technologies from Innogy Venture Capital.'® As noted above,
both companies launched turbines at EMEC in 2013. Voith’s
HyTide turbine has a direct drive (no gears), uses symmetrical
blades for bi-directional operation, and relies on sea water
lubrication, all for simplicity and robustness in the harsh marine
environment.'” Unlike the HyTide, which has a fixed nacelle and
blades, Alstom’s turbine has adjustable nacelle position and
blade pitch for maximum energy potential.*®

Atlantis Resources Ltd, developer of the AR1000 1 MW tidal
turbine, raised capital initsinitial public offeringinearly 2014 and
received additional funding from the European Commission.'®
Atlantis plans to use the funds to advance the MeyGen project,

including the AR1500 turbine developed with Lockheed Martin
(United States), and to fund its AR1000 demonstration project
in China. Atlantis acquired all remaining shares in MeyGen Ltd
from GDF Suez (France) and Morgan Stanley (United States) in
October.2°

In early 2013, DCNS (France) acquired a majority stake in
OpenHydro (Ireland), which continued to test new versions of
its open-center tidal turbine at EMEC.?! Later in the year, DCNS
announced an agreement with Fortum and AW-Energy (both
Finland) to develop a 1.5 MW wave power demonstration project
in Brittany, France, using AW-Energy’s WaveRoller device.?? In
September 2013, the French government issued tenders for
pilot tidal projects off the coast of France.?® Both DCNS and GDF
Suez have expressed interest in the projects, the latter possibly
joining forces with Voith and Alstom for their tidal turbines.?

Aquamarine Power continued testing of its second Oyster 800
wave energy device at EMEC, and Pelamis Wave Power (Scotland)
continued to develop its articulating cylindrical wave energy
converter.?> Pelamis tested new scale models in 2013, with the
aim of improving power, reliability, and economics of the device
through changes in configuration, shape, and controls.?® In
partnership with the University of Dundee, Pelamis is investigating
the advantages of utilizing concrete, in place of steel, as the main
construction material for its device, for improved design options
and economics.?” Vattenfall (Sweden) intends to start testing of
the latest Pelamis device at EMEC in 2014.28

Wello Ltd (Finland) redeployed its Penguin wave energy
converter at Orkney in July 2013. The device fully encapsulates
a rotating eccentric mass that is actuated by waves, driving a
generator typically used in wind turbines.?® Seatricity (U.K.),
another relatively new wave technology company, is poised to
develop a 10 MW array of its Oceanus 2—a buoy-type device
that pumps seawater onshore for power generation—at the
Wave Hub test facility in Cornwall (U.K.).3°

Minesto (Sweden) started tests in Ireland of a 1:4 scale
prototype of its Deep Green tidal device, which it describes as
an underwater kite that is designed to work well in low-velocity
currents. Deep Green marries a turbine with a wing and a tether,
capturing tidal energy while looping tangentially to the direction
of the tide. A full-scale device is to be deployed by 2015.3!

China announced funding for ocean energy technology in 2013,
including a 200 kW turbine developed by Harbin Engineering
University, as part of a plan to use ocean energy to improve
sustainability of remote islands.®? Other Chinese pilot projects
launchedinlate 2012 and 2013 included wave energy converters
developed by Guangzhou Institute of Energy Conversion, and a
120 kW wave buoy developed by Shandong University.33

In early 2014, the European Commission launched a two-step
action plan to support ocean energy in Europe.®* The first step
was the launch of the Ocean Energy Forum in April, with the
aim of bringing together a wide range of stakeholders to find
solutions to issues challenging the industry.=®
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SOLAR PHOTOVOLTAICS (PV)

% SOLAR PV MARKETS

The global solar PV market had a record year, after a brief
slowdown, installing more capacity than any other renewable
technology except perhaps hydropower. More than 39 GW was
added, bringing total capacity to approximately 139 GW.! Almost
half of all PV capacity in operation was added in the past two
years, and 98% has been installed since the beginning of 2004.2
(See Figure 12 and Table R7.)

The year saw a major shift geographically as China, Japan, and
the United States became the top three installers, and as Asia
passed Europe—the market leader for a decade—to become
the largest regional market.® China’s spectacular growth offset
Europe’s significant market decline, and hid slower-than-
expected development in the United States and other promising
markets.* Nine countries added more than 1 GW of solar PV to
their grids, and the distribution of new installations continued
to broaden.® By year’s end, 5 countries had at least 10 GW of
total capacity, up from 2 countries in 2012, and 17 had at least 1
GW.®The leaders for solar PV per inhabitant were Germany, Italy,
Belgium, Greece, the Czech Republic, and Australia.’

Asia added 22.7 GW to end 2013 with almost 42 GW of solar PV in
operation.® China alone accounted for almost one-third of global
installations, adding arecord 12.9 GW to nearly triple its capacity
to approximately 20 GW.° (See Figure 13.) Capacity has been
added so quickly that grid connectivity and curtailment have
become challenges.’® Much of China’s capacity is concentrated
in sunny western provinces far from load centers and consists
of very large-scale projects, making three state-owned utilities
the world’s largest solar asset owners.!! Yet there is increasing
interest in smaller-scale distributed PV, and the government
aims to shift more focus towards the rooftop market.?

Japan saw a rush to install capacity in response to its national
FIT, adding 6.9 GW in 2013 for a total of 13.6 GW.!3 The majority
of Japan’s capacity is in rooftop installations, and homebuilders
are promoting solar homes to differentiate their products.** For
the first time, however, the non-residential sector represented
Japan’s largest market.!> Despite the rise of the large-scale
market, many more projects were approved than built in the
country due to shortages of land, funds, grid access, qualified
engineers and construction companies, and Japanese-brand
equipment.'® Elsewhere in Asia, the most significant growth was
in India (added 1.1 GW), followed by South Korea (0.4 GW) and
Thailand (0.3 GW).Y

Beyond Asia, about 16.7 GW was added worldwide, primarily in
the EU (about 10.4 GW) and North America (5.4 GW), led by the
United States—the third largest country-level market in 2013.18
U.S. installations were up 41% over 2012 to almost 4.8 GW, for a
total of 12.1 GW.'® Falling prices and innovative financing options
that enable installation with low-to-no upfront payment are
changing the game for U.S. consumers.?® The residential sector
experienced the greatest market growth relative to 2012, while
large ground-mounted projects represented more than 80% of
additions.?! U.S. businesses made large investments in solar
PV to reduce energy costs, and some utility companies signed
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long-term contracts, choosing solar PV over other options based
on price alone.?? Utility procurement continued to slow, however,
as many approached their Renewable Portfolio Standard (RPS)
targets.?3 California installed more than half of the new capacity
and is the first major U.S. residential market to successfully
transition away from state-level incentives.

Europe continued to operate more solar PV capacity than any
other region, with more than 80 GW total by year’s end.?® But
the EU’s 10.4 GW (11 GW in broader Europe) added was less
than half the 2011 amount, and the region’s share of the global
market also fell rapidly—from 82% in 2010 to 26% in 2013.2¢
In most EU markets, demand contracted due to reductions in
policy support and retroactive taxes in some countries, which
have hurtinvestor confidence.?” (See Policy Landscape section.)
Yet solar PV'’s share of generation continues to rise, and PV is
increasingly facing barriers such as direct competition with
conventional electricity producers.?®

Germany remained the largest EU market, but fell from first
to fourth globally, adding 3.3 GW after three years averaging
around 7.6 GW.?® With a total approaching 36 GW, Germany still
has the most capacity of any country by far.3® About one-third
of the electricity generated from new systems is used on-site, a
trend driven by FIT rates below prices for retail electricity.3! The
United Kingdom (adding at least 1.5 GW) emerged as the region’s
strongest market for large-scale projects, with subsidies attracting
institutional investors and developers from across the EU.3? Other
top EU markets included Italy (1.5 GW), Romania (1.1 GW), and
Greece (1 GW).* Italy’s market was down dramatically relative to
the previous two years, and significant market reductions were
seen in Belgium, Denmark, and France.®*

Australia installed its one-millionth rooftop system, up from
around 8,000 in 2007.%°> Over 0.8 GW was added in 2013,
as Aussies turned to solar PV to reduce their electricity bills,
bringing the total to nearly 3.3 GW.%¢ By late 2013, rooftop
systems operated on 14% of Australia’s residences, and atop
one-quarter of the homes in South Australia.®’

In Latin America and the Caribbean, a number of countries had
projects in planning or development by year’s end.'3® Markets in
Brazil and Chile have been slower to develop than was expected,
while Mexico has emerged as a regional leader.*° Both Chile and
Mexico brought several large projects on line in 2013 and early
2014.40

Most countries in the Middle East now include solar PV in their
energy plans, driven by rapid increasesin energy demand, a desire
to free up more crude oil for export, and high insolation rates.*
During 2013 and early 2014, large plants were commissioned in
several countries—including Jordan, Kuwait, Saudi Arabia, and
the United Arab Emirates—and a number of governments signed
purchase agreements or launched tenders.*? There are also many
promising markets across Africa.** One of the continent’s largest
markets to date is South Africa, which has procured substantial
capacity under a government bidding process and connected the
first plant (75 MW) to the grid in late 2013.44

By early 2014, at least 53 solar PV plants larger than 50 MW
were operating in at least 13 countries.'*® The world’s 50 biggest
plants reached cumulative capacity exceeding 5.1 GW by the
end of 2013.%6 At least 14 of these facilities came on line in 2013,

i - For information on off-grid, distributed solar PV for providing energy access in Latin America and elsewhere, see Section 5 on Distributed Renewable Energy

in Developing Countries.
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including plants in Japan and South Africa (Africa’s largest).*”
The largest was a 320 MW PV plant in China, co-located with an
existing 1.28 GW hydropower dam.*® The United States led for
total capacity of facilities bigger than 50 MW, with a cumulative
1.4 GW in operation by year’s end, followed by Germany, China,
India, and Ukraine.*® Many projects are planned and under
development around the world that range from 50 MW to over
1,000 MW in scale.>®

The share of commercial and utility-owned PV continued to
increase in 2013, but the residential sector also saw strong
capacity growth.5! Many utilities are pushing back against the
expansion of distributed PV in several countries, due to concerns
about a shrinking customer base and lost revenue. In Europe,
for example, some utilities are blocking self-consumption by
instituting fees, raising rates on customers with PV systems,
or debating the future of net metering; in several U.S. states,
debates are intensifying over net metering laws; in Australia,
major utilities are acting to slow or halt the advance of solar PV.%?
(See Sidebar 7.)

Community-owned PV projects are emerging with a variety
of models in an increasing number of countries, including
Australia, Japan, the United Kingdom, and Thailand, which has a
community solar target under its national FIT.>® U.S. community
solar gardens, which sell power to local utilities in exchange for
monthly credits to investors, continued to spread in 2013, and
some U.S. states have adopted community solar carve-outs in
RPS laws.5

The concentrating PV (CPV) market remains small, but interest
is increasing due greatly to higher efficiency levels in locations
with high direct normal insolation and low moisture.®® CPV
continued its spread to new markets in 2013, with sizable
projects completed in Australia, Italy, and the United States, and
small pilots under way in Chile, Namibia, Portugal, Saudi Arabia,
and elsewhere.®® China commissioned the world largest plant
(50 MW) during 2013.%” By year’s end, more than 165 MW was
operating in more than 20 countries, led by China and the United
States.®®

Solar PV is starting to play a substantial role in electricity
generation in some countries, meeting an estimated 7.8% of
annual electricity demand in ltaly, nearly 6% in Greece, 5% in
Germany, and much higher daily peaks in many countries.>® By
year’s end, the EU had enough solar PV capacity to meet an
estimated 3% of total consumption (up from 0.3% in 2008) and
6% of peak demand; global capacity in operation was enough to
produce at least 160 TWh of electricity per year.®®

% SOLAR PV INDUSTRY

Following a two-year slump, in which oversupply drove down
module prices and many manufacturers reported negative
gross margins, the solar PV industry began to recover during
2013.%1 It was still a challenging year, particularly in Europe,
where shrinking markets left installers, distributors, and others
struggling to stay afloat.®? Consolidation continued among
manufacturers, but, by late in the year, the strongest companies
were selling panels above cost.®® The rebound did not apply
lower down the manufacturing chain, however, particularly
for polysilicon makers.®* Low module prices also continued to
challenge many thin film companies and the concentrating solar
industries, which have struggled to compete.®® International
trade disputes also continued through 2013.56

Module prices stabilised, with crystalline silicon module spot
prices up about 5% during 2013, in response to robust demand
growthinChina, Japan, and the United States in the second half of
the year.5” At the same time, module production costs continued
to fall. Low material costs (particularly for polysilicon) combined
with improved manufacturing processes and scale economies
have reduced manufacturing costs, and far faster than targeted
by the industry, with top Chinese producers approaching costs
of USD 0.50/W in 2013.%8 Interest has turned to lowering soft
costs to further reduce installed system costs, which have also
declined but not as rapidly as module prices (particularly in
Japan and the United States).®® Although investment in solar PV
(in dollar terms) was down for the year, actual installed capacity
was up significantly, with the difference explained by declining
costs of solar PV systems in recent years. 70 (See Figure 14.)

As of 2013, the cost per MWh of rooftop solar was below retail
electricity prices in several countries, including Australia,
Brazil, Denmark, Germany, and ltaly.”! By one estimate, solar
PV is deemed to be competitive without subsidies in at least 19
markets (in 15 countries).”? Further, several projects that were
planned or under development by year’s end were considered to
be competitive' with fossil options, without subsidies.”®

An estimated 43 GW of crystalline silicon cells and 47 GW
of modules were produced in 2013, up 20% from 2012, and
module production capacity reached an estimated 67.6 GW.*
Thin film production rose nearly 21% in 2013, to 4.9 GW, and its
share of total global PV production stayed flat year-over-year.”

Over the past decade, module production has shifted from the
United States, to Japan, to Europe, and back to Asia, with China
dominating shipments since 2009.76 By 2013, Asia accounted
for 87% of global production (up from 85% in 2012), with China
producing 67% of the world total (almost two-thirds in 2012).””
Europe’s share continued to fall, to 9% in 2013 (11% in 2012),
and Japan’s share remained at 5%.”° The U.S. share was 2.6%;
thin film accounted for 39% of U.S. production, up from 36%
in 2012.7° In India, most manufacturing capacity was idle or
operating at low utilisation rates, primarily because it was
uncompetitive due to lack of scale, low-cost financing, and
underdeveloped supply chains.®®

i - Itis telling of the rapid changes in PV markets that the 2011 edition of the GSR reported on utility-scale projects >200 kW in size, the 2012 edition on projects

>20 MW, and the 2013 edition on projects >30 MW.

i - Note that data in Figure 14 come from different sources, so they are not perfectly aligned. The investment data reflect the timing of investment decisions, not
the amount of capacity installed. So, for example, some dollars invested during calendar year 2012 may have been for systems installed during 2013.

ii - The source for this information does not define “competitive.” However, the IEA-PVPS defines possible competitiveness as the situation in which PV
produces electricity more cheaply than other sources could have delivered electricity at the same time, per IEA-PVPS, Trends 2013 in Photovoltaic Applications:
Survey Report of Selected IEA Countries Between 1992 and 2012 (Brussels: 2013), p. 65.
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Figure 12. Solar PV Total Global Capacity, 2004-2013
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Yingli and Trina Solar (both China) were the leading module
manufacturers in 2013. They were followed by Canadian Solar
(Canada), Jinko Solar, and ReneSola (both China). Sharp Solar
(Japan), First Solar (United States), Hanwha SolarOne (China),
Kyocera (Japan), and JA Solar (China) rounded out the top 10.%

Market consolidation among manufacturers continued in
2013, with merger and acquisition activity reaching record
levels mid-year, and bankruptcies and closures continuing.®?
CIGS" manufacturers, in particular, faced significant challenges
due to standardisation and streamlining of crystalline silicon
manufacturing and low silicon prices, with several companies
entering insolvency or exiting the industry.®

China’s large investment in solar PV manufacturing helped
create the supply-demand imbalance that led to industry
upheaval, and even China has suffered the results.8* Much of
the older, less efficient capacity was shut down in 2013, as the
national government encouraged consolidation and investment
in modern facilities to curb oversupply and to improve quality,
which suffered when corners were cut to reduce costs.® China’s
top 10 companies had more than USD 16 billion in debt by
August 2013, and Suntech became the first company ever to
default on publicly traded debt in China.®®

Even as some manufacturers idled production capacity or
closed shop, others opened new facilities and began expanding
capacity across the globe—from North and South America
to Europe, Jordan to Turkey, and Kazakhstan to Malaysia.®’
Ethiopia’s first module-manufacturing facility (20 MW) began
operatinginearly 2013 to supply the domestic market.8 Massive
new builds were planned in China, which is also set to become
a serious thin film player, with Hanergy's acquisition of several
companies in 2013.8° Japanese manufacturers increased
domestic production to meet growing domestic demand.®®

Innovation and product differentiation have become increasingly
important.® Successful manufacturers have continued expanding
into project development, operations, and maintenance.®> They
also are building strategic partnerships to advance technologies
and expand markets. For example, First Solar acquired GE's
cadmium telluride portfolio, while both announced a partnership
to advance thin films; SolarCity (United States) teamed up with
American Honda and BMW to make solar PV more affordable
for hybrid and electric vehicle owners; and Hanergy partnered
with retailer IKEA to offer solar PV installation services to U.K.
customers.®® Manufacturers also joined with utilities and fossil
fuel companies to build solar PV plants, while traditional energy
and even non-energy companies, such as toll road operator
Huabei Express (China), moved further into solar development.®*

Merger and acquisition activity continued on the development
side. Existing large-scale projects were purchased on a far more
global scale than in past years, due to increasing ease of financing
and growing interest among pure investment firms.®® At least two
German developers filed for insolvency during 2013, while others
expanded their reach—Juwi (Germany) opened a subsidiary in
Dubai to serve customers in East Africa and the MENA region.®
Sunkdison bought EchoFirst (both United States), which offered
what it claimed was the first combined solar electric and solar
thermal lease for the U.S. residential market.*”

New business models and innovative financing options continued
to emerge, with practices such as solar leasing spreading beyond
the United States to Canada, Europe, the Pacific, and elsewhere.%®
In late 2013, Toshiba (Japan) entered the solar power business
in Germany, installing PV systems on apartment buildings and
selling electricity to residents directly; systems will be owned
and funded by a group of pension funds.®® By early 2014, Mosaic
(United States), an online platform for solar project investments,
had financed more than USD 5 million by enabling people to
invest small amounts towards specific projects, and SolarCity
(United States) announced plans to offer a bond-like product
for individual investors, backed by cash flows from existing
customers.1% New models also are emerging in Latin America,
including the sale of PV electricity into the wholesale market
(rather than through long-term contracts), with such merchant
plants being built in Chile and Mexico.1%!

Solar cell efficiencies continued to increase with more records
announced during 2013.1? Perhaps the biggest technology
advance centered on perovskite materials, which experienced
a steep rate of efficiency improvement during 2012 and 2013.
They offer the potential for high-performing yet inexpensive solar
cells, although they have significant challenges to overcome
before coming to market.1%3

CPV had a mixed yearin 2013, with key companies closing plants
and consolidation affecting both module and system suppliers.
At the same time, the industry saw new strategic partnerships
and expansions in manufacturing capacity.!®* Soitec (France)
announced plans to consolidate by closing its 40 MW plant in
Freiburg, Germany, but also achieved full production capacity
at its factory in California, and partnered with Alstom (France)
to develop CPV plants in France.!®> Solar Junction and Amonix
(both United States) partnered to improve CPV efficiency.!%®
The industry is showing signs of moving beyond niche markets,
with Soitec building a 44 MW project in South Africa, and
several companies announcing or commissioning production
lines in 2013 to meet growing interest in China.'” New cell and
module conversion efficiency records were set in 2013, and
improvements to mirror and tracker technologies continued.!%®

Solar inverters are becoming more sophisticated to actively
support grid management, and are considered one of the
fastest developing technologies in power electronics.’®® Partly
because of this rapid development, in 2013 ABB (Switzerland)
acquired Power-One (United States), one of the world’s largest
manufacturers of solar power inverters.l'® At the same time,
the industry has become increasingly crowded and markets
more fragmented, and the largest incumbents faced challenges
maintaining growth or even surviving in 2013.1 Inverter
manufacturers were under pressure to reduce prices, as the
European market slowed faster than expected and as the focus
of cost-cutting efforts turned increasingly towards balance-of-
system technologies.!?

i - Copper indium gallium selenide solar cells, which are in the thin film category of solar PV.
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CONCENTRATING SOLAR THERMAL
POWER (CSP)

% CSP MARKETS

The concentrating solar thermal power (CSP) market continued
to advance in 2013 after record growth in 2012. Total global
capacity increased by nearly 0.9 GW, up 36%, to more than 3.4
GW.! (See Figure 15 and Reference Table R8.) The United States
and Spain continued their global market leadership.? However,
a global shift to areas of high direct normal irradiation (DNI) in
developing-country markets is accelerating.® Global installed
capacity of CSP has increased nearly 10-fold since 2004; during
the five-year period from the end of 2008 to the end of 2013,
total global capacity grew at an average annual rate approaching
50%.4

Parabolic trough technologies represented all of the facilities
added during the year, as well as the majority of plants under
construction by mid-2013. Towers/central receivers continued
toincrease their market share, however, with significant capacity
added in early 2014.5 Fresnel and parabolic dish technologies
remain in an earlier developmental stage.

The United States became the leading market in 2013, adding
375 MW to end the year with almost 0.9 GW in operation, and
just short of 1 GW under construction.® The new Solana plant
(250 MW) in Arizona is the world’s largest parabolic trough
plant and the first U.S. CSP plant with thermal energy storage
(TES).” U.S. capacity took another significant leap in early 2014,
when the 377 MW Ivanpah plant started feeding electricity into
the grid.® Upon its completion, the Ivanpah plant, based on
tower/central receiver technology, was the largest solar thermal
electric facility of any type operating in the world.®

Spain sustained its global leadership in existing CSP capacity,
adding 350 MW in 2013 to increase operating capacity by 18%,
for a total of 2.3 GW at year’s end.!® Parabolic trough remained
the dominant technology in Spain, making up all of the capacity
that came on line during the year. Due to policy changes in 2012
and early 2013 that placed a moratorium on new construction in
the country, no new plants were under construction by the end
of 2013.1! Thus, the United States is set to maintain its position
as the leading CSP market in 2014.

In other markets, capacity nearly tripled during 2013, to just
under 250 MW.*?2 Additions included the 100 MW Shams 1 plant
inthe United Arab Emiratesand a 50 MW plantin Rajasthan, India
(both parabolic trough plants), and the first phase (10 MW) of a
50 MW tower/central receiver plant in Delingha, China.!® Other
countries with existing CSP that did not add capacity in 2013
include Algeria (25 MW), Egypt (20 MW), Morocco (20 MW),
Australia (13 MW), and Thailand (5 MW).}* Several additional
countries had small pilot plants in operation, including France,
Germany, Israel, Italy, South Africa, South Korea, and Turkey.!®

During 2013, CSP continued to expand to new markets in Asia,
Latin America, and particularly across Africa and the Middle
East.’® South Africa remained one of the most active markets,
with 100 MW of parabolic trough and 100 MW of power tower
capacity under construction at year’'s end.'” In neighbouring
Namibia, preliminary evaluation of a 50 MW plant with TES
was under way.’® Over USD 600 million was pledged in 2013 to
support Algeria, Egypt, Jordan, Libya, Morocco, and Tunisia in
bringing more than 1 GW of CSP to the regional market.''° As of
early 2014, construction was under way in Morocco (160 MW)
and Egypt (100 MW).%°

Inthe Middle East, Kuwait opened bidding procedures fora50 MW
CSP plant with thermal storage, expected to be operational
in 2016.2! Saudi Arabia announced plans to spend USD 109

Figure 15. Concentrating Solar Thermal Power Global Capacity, by Country or Region, 2004-2013
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i - This was pledged by the Climate Investment Funds, which are supported by the African Development Bank, the Asian Development Bank, the European

Bank, the Inter-American Development Bank, and the World Bank Group.
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billion on more than 50 GW of renewable energy by 2032,
25 GW of which will come from CSP.?? In Israel, construction
was scheduled to begin in 2014 on the first phase (121 MW) of a
250 MW CSP plant in the Negev Desert.??

Elsewhere around the world, Chile advanced towards its first
commercial CSP capacity with the award of a 110 MW tower/
central receiver tender in 2013.%* In India, six of the plants
being developed under the Jawaharlal Nehru National Solar
Mission (JNNSM) were held back by technical, procurement
and financing delays, as well as apparent errors in solar
resource assessments.? [taly’s market—hindered by regulatory
challenges in the past—received a boost after the feed-in tariff
introduced in December 2012 attracted licence applications for
over 200 MW of new CSP capacity.?®

CSP technologies are being used to support an increasing
number and range of hybrid electricity generation activities and
processes, and are being applied to augment steam production
at coal, gas, and geothermal power plants.?” The 44 MW, Kogan
Creek Solar Boost project under construction in Australia is
expected to start supplementing existing coal-based steam
generation when operations commence in 2015.28

In some markets, CSP continues to face challenges related to
strong competition fromsolar PVtechnologiesand environmental
concerns, with several plants in the United States being delayed,
withdrawn, or converted to solar PV.?° While global growth of CSP
is expected to fall short of past projections, interest in CSP plants
using TES is growing in a number of markets, where it is seen as
a valuable source of renewable dispatchable electric capacity.3®
Emerging markets such as Saudi Arabia and Chile have made
TES mandatory for future CSP developments.3!

I CSP INDUSTRY

The industry continued expanding into new markets in 2013.%?
Yet while global growth of the sector remained strong, revised
projections, fed by increasing competition from declining
solar PV costs, led a number of companies to close their CSP
operations.33

The top companies in 2013 included Abengoa, Acciona, ACS
Cobra, and Torresol Energy (all Spain); Brightsource and Solar
Reserve (both United States); Schott Solar (Germany); and
AREVA (France). German firm Siemens announced the closure
of its CSP business after losses of USD 1 billion or more since
2011, while Schott Solar closed its 400 MW U.S. plant to focus
on winning projects in the Middle East.3*

As of early 2013, Abengoa Solar had the world’s largest portfolio
of plants in operation or under construction, and Spanish
companies continued to lead the industry with ownership
interest in almost three-quarters of CSP capacity deployed
around the world.?> However, the dead stop in the Spanish
market pushed Spanish CSP developers further afield in search
of development opportunities.3®

The limitations of synthetic oils and molten salts as heat transfer
media have driven research into a range of alternatives, such
as superheated steam; ternary salts; graphite storage; ceramic
storage; and rocks, pebbles, and slag.” The growing potential
of TES systems was showcased when the system at Spain’s
Gemasolar plant enabled uninterrupted power generation for 36
consecutive days.*®

A trend towards larger plants continued, as evidenced by the
commencement of operations at the Ivanpah and Solana plants
in the United States and by the scale of many of the plants under
construction in the MENA region. Growing evidence emerged
of the potential cost reductions of larger plants, relating to
their ability to work at higher temperatures and achieve greater
efficiencies.®?

CSP costs also continue to be reduced through enhanced design
and improved manufacturing and construction techniques.
SHEC Energy (Canada) claimed significant reductions in
materials cost through the adoption of new production
technologies; the application of lightweight, high-strength
materials and a proprietary structural stiffening technique; and
automated, manufacturing processes to create light and strong
structures.*®

Research on hybrid CSP applications, and the augmentation of
steam production at traditional power plants, continued in 2013.
In the United States, the National Renewable Energy Laboratory
(NREL) and the Idaho National Laboratory launched joint
research on the augmentation of geothermal plants with CSP,
while the U.S. Department of Energy pledged USD 10 million for
integration of CSP at the 500 MW natural gas-fired Cosumnes
Power Plant in Sacramento, California.*!
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I SOLAR THERMAL HEATING AND COOLING MARKETS

Solar thermal technologies contribute significantly to hot water
production in many countries, and increasingly to space heating
and cooling as well as industrial processes. In 2012/, the world
added 55.4 GWy, (more than 79 million m?) of solar heat capacity,
increasing the cumulative installed capacity of all collector types
in operation by over 14% for a year-end total of 283.4 GWy,. 1!
An estimated 53.7 GW, (almost 97%) of the market was glazed
water systems and the rest was unglazed water systems mainly
for swimming pool heating (3%), as well as unglazed and glazed
air collector systems (<1%).? Glazed and unglazed water systems
provided an estimated 239.7 TWh (863 PJ) of heat annually.®

The vast majority of solar heat capacity is in China, which accounts
for 86% of the world market and 64% of total capacity in 2012.4
(See Figure 16.) The top countries for capacity added in 2012,
including both glazed and unglazed systems', were China, Turkey,
India, Brazil, and Germany, and the top five for total capacity in
operation remained China, the United States, Germany, Turkey,
and Brazil.¥® (See Figure 17 and Reference Table R9.)

Most countries focus on glazed water collectors, with China
primarily using evacuated tube water collectors (ETC), and other
key markets relying mainly on flat plate (FPC). In the United
States, the majority of systems use unglazed water collectors for
pool heating. The only other markets of note for unglazed water
collectors are Australia and Brazil.6

In 2013, an estimated 57.1 GWy (81.6 million m?) of gross
capacity was added worldwide, bringing operating global solar
thermal capacity to about 330 GWs, (including 325.9 GW, of
water collectors and an estimated 3.6 GWy, of air collectors).”
(See Figure 18.) There was enough capacity by year’s end to
provide approximately 276.6 TWh (996 PJ) of heat annually.®

China was again the main demand driver in 2013, adding
46.2 GWy, (up 3.3% over 2012).° A significant share (21%) of
the new collectors in China replaced existing capacity, although
the replacement rate was reportedly lower than in past years;
approximately 36.6 GWy, of newly installed capacity was additional,
bringing the country’s total to 217 GWy..1° In China, solar water
heaters cost far less over their lifetimes than do electric or gas
water heaters—a major factor driving the market.!* China’s use of
solar thermal on urban apartment buildings is expanding rapidly,
and it includes roof- and facade-integrated systems. The urban
sector represented nearly half of the 2013 market, with growth
driven largely by green building policies and solar mandates.'?

The European Union (EU-28) supports a greater diversity of uses
for solar thermal heat technologies than any other market.!® In
2012, Europe’s total operating capacity was up 7.5% over 2011
to 30.2 GWy, but the annual market declined for the fourth
consecutive year, down 5.8% to 2.3 GWy.!* In 2013, the region
continued to account for a significant share of the capacity
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additions made outside of China. However, growth contracted
again in many countries, constrained by lower construction
and renovation rates (due in large part to the economic crisis),
pressure from solar PV and heat pumps (particularly in Austria,
Germany, and France), and the reduction of support policies for
solar heating.'® Germany and Austria, the long-term EU leaders for
total installations, both experienced marked declines. Germany
remained Europe’s largest installer in 2013, adding 0.7 MW, for
a total of 12.3 GWy,; but this was down 11% from 2012, following
a 9.4% drop in 2011.'¢ The Austrian market shrank about 14% in
2013, following declines of nearly 16% in 2012 and 13% in 2011.

Over a six-year period, Brazil's market more than doubled, with
nearly 1 GWy, added in 2013 for a total approaching 7 GW,.!®
Demand is driven largely by the economic competitiveness of
solar thermal in Brazil and by municipal building regulations and
social housing programmes, such as Minha Casa, Minha Vida
(“My House, My Life"), that mandate solar water heaters in new
buildings for very poor families.’® Mexico is also starting to play a
role, and there are very small but growing markets in Argentina,
Chile, Costa Rica, and Uruguay.?®

India and Japan are the largest Asian markets outside of
China. India added 0.9 GWy, during 2013 for a year-end total of
5.2 GWy..2! Japan’s market was stable during 2012 and 2013, at
about 0.1 GWy, per year, but cumulative capacity is declining due
to decommissioning of old systems.?? After Thailand’s five years
of steady growth, driven by the national incentive programme and
rising fuel prices, the market for subsidised systems declined 28%
in 2013.%2 The drop is considered to be a direct result of Thailand’s
new solar PV programme, which drew investment away from solar
heating.?*

Turkey, the United States, and Australia continue to be important
markets; as of publication, however, data for 2013 were not
available. In 2012, Turkey added 1.1 GWy, to end the year with
10.8 GWy, and retain its fourth place ranking for total operating
capacity.® The market was down relative to a spike in 2011, but is
generally quite stable even without government incentives.?®

About 60% of all unglazed water collectors operate in the United
States, where an estimated 30,000 swimming pool systems
are installed annually.?” While the country continues to rank
second for total collector area, with 16.2 GW;;, at the end of 2012
(14.3 GWy, of which is unglazed), it placed sixth for additions that
year (0.7 GWy,).2¢ Some U.S. states have set solar thermal carve-
outs in their renewable portfolio standards (RPS), or allow electric
utilities to meet RPS requirements with solar water heating
systems.??

Australia added an estimated 0.6 GWy, during 2012 (71%
unglazed), for a year-end total of 5.1 GWy (59% unglazed).*®
A large share of Australian households heats water with solar
thermal systems, with the highest number in New South Wales.
By early 2013, more than 630,000 systems were in operation.3!

In the Middle East, Israel leads for total capacity (with about 85%
of households using solar water heaters), followed by Jordan
and Lebanon.* Solar thermal systems are used to heat water in

i- The year 2012 is the most recent one for which firm global data and most country statistics are available.
ii - Data include air collectors. Gross (including replacements) water heating collector capacity additions in 2012 were 55.4 GWu, for a year-end total of 281.7 GWin.
iii - Starting with this edition, the GSR covers both glazed and unglazed water systems throughout. For more details, see Methodological Notes, page 142.

iv -Note that the 2012 data in Figure 18 are total installations of water collectors and include replacement capacity, which accounts for a large share of China’s
additions. In 2013, for example, about 21% of China’s additions (9.6 GW:) were to replace existing capacity.
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Figure 16. Solar Water Heating Collectors Global Capacity, Shares of Top 10 Countries, 2012
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several African countries, including Egypt, Mozambique, Tunisia,
Zimbabwe, and South Africa, the most mature market in sub-
Saharan Africa.3® However, markets in many developing countries
are challenged by a lack of standards, leading to use of inferior
products and poor installations, which have undermined solar
thermal’s reputation.*

Attheend of 2012, Cyprus remained the world leader on a per capita
basis considering all water collectors, with 548 kilowatts-thermal
(kW) per 1,000 inhabitants, followed by Austria (420 kWs,), Israel
(385 kWin), Barbados (320 kWi,), and Greece (268 kWip). %

Most solar thermal systems are used for domestic water heating,
and they typically meet 40—80% of demand.3¢ There is a trend
towards larger domestic water heating systems for hotels,
schools, multi-family homes, and other large complexes.®” The
use of solar thermal systems for space heating is also gaining
ground, particularly in Central Europe, where 100% solar-heated
buildings have been demonstrated (although typically solar
meets 15—-30% of space heating demand).*® “Combi-systems,”
which provide water and space heating, account for about 4% of
the global solar thermal heat market.*® They are most common
in Europe (particularly Austria, Germany, ltaly, and Poland)
and represent about 40% of installed systems in Austria and
Germany.*° Solar thermal heating can be combined with various
back-up heat sources, and hybrid systems with heat pumps are
gaining popularity in Europe.*!

Domestic hot water and space heating are provided by
conventional flat plate and evacuated tube collectors, which
typically supply heat at temperatures below 60 °C.#> Advanced
collectors can be used for solar-assisted district heating as
well as industrial and commercial applications with typical
operating temperatures in the 60—120 °C range; they can also
drive some cooling systems.** Concentrating systems—including
parabolic trough, dish, and Fresnel collectors (smaller than their
CSP relatives and adapted to specific needs)—provide heat at
higher temperatures (typically 120—250 °C, and up to 400 °C) for
industrial processes or to drive double- or triple-stage absorption
chillers.#

An increasing number of district heating systems relies on solar
thermal technology, often combined with other heat sources
such as biomass.*® Although the market for such systems
remains relatively small, interest has increased in recent years,
particularly across Europe.*® More than 200 solar thermal
district heating plants operate in about 20 EU countries, with 50
of these in Denmark (where systems are cost competitive), and
over 20 each in Austria, Germany, and Sweden.*” Interest is rising
beyond Europe as well, with large heat systems also operating in
Canada, China, and South Africa.*® At least 17 plants bigger than
700 kWi, (1,000 m?) were constructed in 2013, and the world’s
largest plant began operating in Denmark in early 2014.4°

The still-modest global solar cooling market grew at an average
annual rate exceeding 40% between 2004 and 2012, and
approximately 1,050 systems of all technology types and sizes
were installed by 2013.5° While most of these systems were in
Europe (81%), use of solar cooling is rising in many regions with
sunny dry climates, including Australia, India, Mediterranean
islands, and the Middle East.5! The availability of small (<20 kW)
cooling kits for residential use has increased interest in the
residential sector in Central Europe and elsewhere, and large-
scale systems are gaining appeal due to their more favourable
economics.® One of the market drivers for solar cooling is the
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potential to reduce peak electricity demand, particularly in
countries with significant cooling needs.%?

Solar thermal technologies are being used increasingly for
industrial applications, providing heat and steam, refrigeration,
and air conditioning.5* Major industrial applications include food
processing, cooking, and textile manufacturing.%® In 2013, the
world’s largest low-temperature system was inaugurated in Chile,
where itis expected to cover 85% of the heat demand of the Gaby
copper mine.®® Other 2013 projects included dairies in Mexico
and Switzerland, leather tanneries in Kenya and Thailand, and
a chemical manufacturing facility in Germany.%” India leads in
the use of concentrating solar thermal systems with at least 145
systems producing steam, primarily for cooking.%® Rising fuel
prices have driven rapid expansion and, as of early 2014, India
had an estimated nearly 20 MW, for industrial applications.*
In 2013, several countries offered funding specifically for solar
process heat.®®

Although interest is growing around the world, district heating
networks, solar air conditioning, and solar process heat for
industrial purposes account for only about 1% of global solar
thermal capacity.®! There also exists a large untapped potential
for new applications such as water treatment and sea water
desalination.®?

I SOLAR THERMAL HEATING/COOLING INDUSTRY

China maintained its multi-year lead in the global solar heating
industry, producing an estimated 50.1 GWy, (71.6 million m?) of
collectors in 2013.%3 Export activities remained negligible (1.8%
in 2012, or USD 300 million) compared to the industry’s total
turnover, but they continued to increase.®* The market shares
of Chinese vacuum tubes continued to rise in price-sensitive
export markets including Poland, Turkey, and India.5®

By contrast, Europe saw accelerated consolidation during 2013,
with several large suppliers announcing their exit from solar
thermal manufacturing.®® In two cases, management buyouts
prevented abandonment of the collector technology or brand.®’
However, a large number of smaller European collector manu-
facturers no longer considers in-house production to be
economically feasible due to high price pressures and low-cost
imports from outside Europe, especially from China.® To offset
decreasing domestic demand, many European companies have
focussed on foreign markets through local partnerships and
investments.®°

RENEWABLES 2014 GLOBAL STATUS REPORT 55



http://map.ren21.net/#eg
http://map.ren21.net/#mz
http://map.ren21.net/#tn
http://map.ren21.net/#zw
http://map.ren21.net/#za
http://map.ren21.net/#cy
http://map.ren21.net/#at
http://map.ren21.net/#il
http://map.ren21.net/#bb
http://map.ren21.net/#gr
http://map.ren21.net/#at
http://map.ren21.net/#de
http://map.ren21.net/#it
http://map.ren21.net/#pl
http://map.ren21.net/#at
http://map.ren21.net/#de
http://reegle.info/glossary/513
http://reegle.info/glossary/411
http://reegle.info/glossary/1610
http://reegle.info/glossary/411
http://reegle.info/glossary/596
http://reegle.info/glossary/411
http://map.ren21.net/#dk
http://map.ren21.net/#at
http://map.ren21.net/#de
http://map.ren21.net/#se
http://map.ren21.net/#ca
http://map.ren21.net/#cn
http://map.ren21.net/#za
http://map.ren21.net/#dk
http://map.ren21.net/#au
http://map.ren21.net/#in
http://reegle.info/glossary/3283
http://map.ren21.net/#cl
http://reegle.info/glossary/2435
http://map.ren21.net/#mx
http://map.ren21.net/#ch
http://map.ren21.net/#ke
http://map.ren21.net/#th
http://reegle.info/glossary/3283
http://map.ren21.net/#de
http://map.ren21.net/#in
http://map.ren21.net/#in
http://reegle.info/glossary/411
http://map.ren21.net/#cn
http://map.ren21.net/#pl
http://map.ren21.net/#tr
http://map.ren21.net/#in
http://reegle.info/glossary/3283
http://map.ren21.net/#cn

02 MARKET AND INDUSTRY TRENDS

56

South Africa’s supply chain has been in a consolidation phase,
with the number of commercial entities in the solar water heater
market falling from a high of over 700 in 2011 to about 400 in
2013.7° Brazil had about 150 solar thermal suppliers by mid-
2013.7* While most focussed on the domestic market, a small
number of companies were exporting to other countries in the
region.”?

In 2013, industry expectations for current and future market
development were brightest in India and Greece.”® Manufacturers
in India expanded production capacities and integrated vertically
in response to rapid market growth.”

Production costs of solar thermal heat technologies have
continued to decline. In Europe, for instance, production costs of
standard collectors fell about 23% for every doubling of installed
capacity from 1995 to 2012, or nearly 50% over the period.”®
And new technologies continue to emerge. For example, by
early 2014 there were more than 130 hybrid solar thermal-heat
pump systems from more than 80 companies (mostly in Europe)
for combined production of domestic water and space heating.”®
About 30 companies in at least 12 countries were making a
variety of photovoltaic thermal (PV-T) hybrid solar collectors that
combine solar PV and thermal water collectors for simultaneous
production of power and heat.””

Attention to quality standards and certification continued in
response to high failure rates associated with cheap tubes
from China, and harmonisation of standards and certification
played an important role in the industry’s export strategies.’®
In September, the International Standard Committee approved
a global collector test standard, paving the way for a variety of
new collector technologies to receive a Solar Keymark label in
Europe.” In addition, several countries are working on domestic
standards.®

A growing number of manufacturers around the world specialise
in concentrating collectors for industrial applications.®! Solar
process heat is already competitive in many niche markets
today, but the technology is not widely known.#?

The cost of solar cooling kits continues to fall, declining by
45-55% (depending on system size) over the period 2007—
2012.83 The variety of thermal chillers continued to increase
in 2013, as did their standardisation.* At least two European
companies released new chillers for small systems down to
5 kW, and companies in Europe and Asia introduced cooling kits
thatinclude integrated heat rejection (which removes waste heat
generated by the system).®® Alternative heat rejection systems
are under development to reduce costs and planning time.®¢
In addition to new chillers, innovative technologies continue to
emerge, particularly for large-scale and industrial systems.®”

WIND POWER

% WIND POWER MARKETS

More than 35 GW of wind power capacity was added in 2013,
bringing the global total above 318 GW.! (See Figure 19 and
Reference Table R10.) Following several record years, the
wind power market declined nearly 10 GW compared to 2012,
reflecting primarily a steep drop in the U.S. market.? The top 10
countries accounted for 85% of year-end global capacity, but
there are dynamic and emerging markets in all regions.® By the
end of 2013, at least 85 countries had seen commercial wind
activity, while at least 71 had more than 10 MW of reported
capacity by year’s end, and 24 had more than 1 GW in operation.*
Annual growth rates of cumulative wind power capacity have
averaged 21.4% since the end of 2008, and global capacity has
increased eightfold over the past decade.®

Asia remained the largest market for the sixth consecutive year,
accounting for almost 52% of added capacity, followed by the
EU (about 32%) and North America (less than 8%).6 Non-OECD
countries were responsible for the majority of installations, and,
for the first time, Latin America had a substantial share (more
than 4.5%).” Chinaled the market, followed distantly by Germany,
the United Kingdom, India, and Canada. Others in the top 10
were the United States, Brazil, Poland, Sweden, and Romania,
and new markets continued to emerge in Africa, Asia, and Latin
America.® The leading countries for wind power capacity per
inhabitant were Denmark (863 W per person), Sweden (487.6),
Spain (420.5), Portugal (412), and Ireland (381).°

China added an estimated 16.1 GW of new capacity in 2013,
increasing total installed capacity by 21% to 91.4 GW.!° (See
Figure 20.) About 14.1 GW was integrated into the grid, with
approximately 75.5 GW in commercial operation by year's
end.!! Difficulties continued in transmitting power from turbines
(particularly in remote northeast areas) to population demand
centres, and about 16 TWh lost due to curtailment.’?> However,
new transmission lines and turbine deployment in areas with
better grid access are reducing the number of idled turbines,
and the rate of curtailment dropped from 17% in 2012 to 11%
in2013.13

Wind generated 140.1 billion kWh in China during 2013, up 40%
over 2012 and exceeding nuclear generation for the second
year running.'* By year’s end, almost 25% of total capacity was
in the Inner Mongolia Autonomous Region, followed by Hebei
(10%), Gansu (9.1%), and Liaoning (7.3%) provinces, but wind
continued its spread across China—10 provinces had more than
3 GW of capacity.’®

The European Union remained the top region for cumulative
wind capacity, with 37% of the world’s total, although Asia was
nipping at its heels with more than 36%.¢ Wind accounted for
the largest share (32%) of new EU power capacity in 2013; more
than 11 GW of wind capacity was added for a total exceeding
117 GW.Y Europe is experiencing a seaward shift, with the
offshore market up 34%.'¥ However, the total market in the region
was down 8% relative to 2012, and financing of new projects is
becoming more challenging in response to policy uncertainty
and declining incentives.'®

Germany and the United Kingdom accounted for 46% of new
EU installations, a level of concentration not seen since 2007.2°
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Driven largely by anticipated reforms to the Renewable Energy
Sources Act (EEG), Germany remained Europe’s largest market
and set a new record for installations.?! More than 3.2 GW was
added to the German grid in 2013, including more than 0.2 GW
for repowering; by year's end, a total of 34.3 GW was grid-
connected (and 34.7 GW total installed).?> Germany generated
53.4 TWh with the wind in 2013.2% The United Kingdom added
1.9 GW to the grid, 39% of which was offshore, for a year-end
total of 10.5 GW.#

Other top EU markets were Poland (0.9 GW), Sweden (0.7 GW),
Romania (0.7 GW), and Denmark (0.7 GW).?® France (0.6 GW)
and ltaly (0.4 GW) both saw significant market reductions
in 2013.%6 Spain remained third in the region for cumulative
capacity, but recent policy changes have brought the market to
avirtual standstill, with the lowest additions (less than 0.2 GW) in
16 years.?”’ The highest growth rates were seen in Croatia (68%)
and Finland (56.3%), from low bases, and Romania (36.5%) and
Poland (35.8%).28 Slovenia added capacity for the first time.??

India was the fourth largest market in 2013, although demand
contracted by 26%.° Over 1.7 GW was installed for a total
approaching 20.2 GW.3! A steep devaluation of the rupee against
the U.S. dollar (which increased financing and import costs),
and removal of key support policies in 2012, delayed investment
in wind power.> However, retroactive reinstatement of the
Generation Based Incentive in late 2013 helped resurrect the
market.®3 Elsewhere in the region, Japan saw a slowdown in
deployment, due largely to new regulatory requirements and
delays for grid access, while Thailand and Pakistan both doubled
their capacity.®*

Canadainstalledarecord 1.6 GW, a market increase of more than
70%, for a total of 7.8 GW, led by Ontario (2.5 GW) and Quebec
(2.4 GW).** The United States ended the year with 61.6 GW, up
by just over 1 GW.3¢ This represented a significant drop from the
13.1 GW installed in 2012, when developers rushed to complete
projects before the federal Production Tax Credit (PTC) expired.?”
Even so, utilities and corporate purchasers signed a record
number of long-term contracts in response to low power prices,
and more than 12 GW of projects was under construction by
year’s end.?® Texas led for total capacity (12.4 GW), followed by
California (5.8 GW), lowa (5.2 GW), lllinois (3.6 GW), and Oregon
(3.2 GW).*

Elsewhere, the mostsignificantgrowthwasseenin Latin America.
Brazil installed more than 0.9 GW of capacity (down from 1.1 GW
in 2012) to rank seventh for newly installed wind capacity.*° It
ended the year with almost 3.5 GW of commissioned capacity—
nearly three-fourths of the region’s total—of which 2.2 GW was
grid-connected and in commercial operation.*t Utility interest
in wind power is increasing because it complements Brazil's
reliance on hydropower, and by year’s end more than 10 GW of
additional capacity was under contract.*? Others in the region to
add wind capacity included Argentina, Chile, and Mexico.*

Australia was again the only country in the Pacific to add wind
capacity (0.7 GW), bringing its total to more than 3.2 GW.** In
Turkey, where interest in wind power is driven partly by heavy
reliance on Russian gas, 0.6 GW was installed for a total
approaching 3 GW.* Africa and the Middle East saw little new
operating capacity beyond Morocco (0.2 GW) and Ethiopia,
which completed Africa’s largest individual wind farm (120 MW),
with the aim of mitigating the impact of dry seasons on national
hydropower output.*® However, other countries in the region
moved ahead with new projects, and several announced long-
term plans.?

Offshore wind is still small compared with global onshore
capacity, but it is growing rapidly. A record 1.6 GW was added
to the world’s grids for a total exceeding 7 GW in 14 countries
by year’s end.*® More than 93% of total capacity was located
off Europe, which added 1,567 MW to the grid for a total of
6,562 MW in 11 countries.*® The United Kingdom has more
than 52% of the world’s offshore capacity. It was the largest
market (adding 733 MW) in 2013, followed in Europe by
Denmark (350 MW), Germany (595 MW total, and 240 MW grid-
connected), and Belgium (192 MW).5° But the EU record hides
delays due to policy uncertainty, particularly in Germany and the
United Kingdom, and cancellation or downsizing of projects due
to cost and wildlife concerns.® The remaining offshore capacity
is in China, Japan, and South Korea; China added 39 MW for
almost 430 MW total.> Two U.S. projects qualified for the PTC
before it expired and are competing to be the first commercial
project operating off U.S. shores.>3

Offshore and on, independent power producers and energy
utilities remained the most important clients in the market in
terms of capacity installed. However, there is growing interest
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in other sectors. The number of large corporate purchasers of
wind power and turbines continued to increase during 2013.54
In addition, interest in community-owned wind power projects
is growing in Australia, Canada, Japan, the United States, parts
of Europe, and elsewhere.>® Community and co-operative power
has long represented the mainstream ownership model in
Denmark and Germany.%® Today, shared ownership is expanding
through a variety of means, including innovative financing
mechanisms such as crowd funding.®’

The use of individual small-scale' turbines is increasing, with
applications including defence, rural electrification, water
pumping, battery charging, telecommunications, and other
remote uses.%® Off-grid and mini-grid applications prevail in
developing countries.5® Worldwide, at least 806,000 small-scale
turbines were operating at the end of 2012, exceeding 678 MW
(up 18% over 2011).5° While most countries have some small-
scale turbines in use, capacity is predominantly in China and
the United States, with an estimated 274 MW and 216 MW,
respectively, by the end of 2012.5' They are followed by the
United Kingdom, which added arecord 38 MW in 2012, driven by
a micro-generator FIT, to exceed 100 MW total.®? Other leaders
include Germany, Ukraine, Canada, Italy, Poland, and Spain.®3

Repowering of existing wind capacity has also expanded in
recent years. The replacement of old turbines with fewer, larger,
taller, and more efficient and reliable machines is driven by
technology improvements and the desire to increase output
while improving grid compliance and reducing noise and bird
mortality.®* (See Sidebar 5.) Repowering began in Denmark and
Germany, due to a combination of incentives and a large number
of ageing turbines, and has spread to several other countries.®®
During 2013, turbines were repowered in Denmark, Finland,
and Japan, and in Germany, which replaced 373 turbines with
combined capacity of 236 MW with 256 turbines totalling
726 MW.5¢ There is also a thriving international market in used
turbines in several developing and emerging economies.®’

Wind poweris playingamajorrole in power supplyinanincreasing
number of countries. In the EU, capacity operating at year's end
was enough to cover nearly 8% of electricity consumption in a
normal wind year (up from 7% in 2012), and several EU countries
met higher shares of their demand with wind.®® Wind was the top
power source in Spain (20.9%, up from 16.3%) during 2013, and
met 33.2% of electricity demand in Denmark (up from 30%).%°
Four German states had enough wind capacity at year’s end to
meet over 50% of their electricity needs.”® In the United States,
wind power represented 4.1% of total electricity generation (up
from 3.5% in 2012) and met more than 12% of demand in nine
states (up from 10% in nine states in 2012), with lowa at over 27%
(up from 25%) and South Dakota at 26% (up from 24%).”* Wind
power accounted for 2.6% of China’s electricity generation.”?
Globally, wind power capacity by the end of 2013 was enough to
meet an estimated 2.9% of total electricity consumption.”®

% WIND POWER INDUSTRY

Over the past few years, capital costs of wind power have
declined, primarily through competition, while technological
advances—including taller towers, longer blades, and smaller
generators in low wind speed areas—have increased capacity
factors.” These developments have lowered the costs of wind-
generated electricity, improving its cost competitiveness relative
to fossil fuels. Onshore wind-generated power is now cost
competitive, or nearly so, on a per kWh basis with new coal- or
gas-fired plants, even without compensatory support schemes,
in several markets (including Australia, Brazil, Chile, Mexico,
New Zealand, South Africa, Turkey, much of the EU, and some
locations in India and the United States).”® By one estimate,
global levelised costs per MWh of onshore wind fell about
15% between 2009 and early 2014; offshore wind costs rose,
however, due to increasing depths and distance from shore.”®

Despite these largely positive trends, during 2013 the industry
continued to be challenged by downward pressure on prices,
increased competitionamongturbine manufacturers, competition
with low-cost gas in some markets, reductions in policy support
driven by economic austerity, and declines in key markets.”” In
Europe, market contraction led to industry consolidation, with
manufacturers Bard and Fuhrldnder (both Germany) filing for
insolvency in late 2013, and Vestas (Denmark) cutting its staff by
30%.78 European turbine makers also experienced a decline in
market share within China, where domestic suppliers constituted
over 93% of the market in 2013, up from 28% just six years
earlier.”? The United States experienced factory closures and
layoffs due to a shortage of new turbine orders; by year’s end,
however, U.S. production capacity had ramped up dramatically,
with wind-related manufacturing in 44 of 50 states.® In India,
Suzlon, which has struggled for years with massive debt, ceded
its top position for the first time in a decade.®!

Grid-related challenges are increasing and range from lack
of transmission infrastructure, to delays in grid connection,
to rerouting of electricity through neighbouring countries, to
curtailmentwhere regulations and current management systems
make it difficult to integrate large amounts of wind and other

i - Small-scale wind systems are generally considered to include turbines that produce enough power for a single home, farm, or small business (keeping in
mind that consumption levels vary considerably across countries). The International Electrotechnical Commission sets a limit at 50 kW, and the World Wind
Energy Association (WWEA) and the American Wind Energy Association currently define “small-scale” as less than 100 kW, which is the range also used in the
GSR; however, size varies according to needs and/or laws of a country or state/province, and there is no globally recognised definition or size limit. For more
information see, for example, Stefan Gséanger and Jean Pitteloud, Small Wind World Report 2014 (Bonn: WWEA and New Energy Husum, March 2014), Executive
Summary, http://small-wind.org/wp-content/uploads/2014/03/2014_SWWR_summary_web.pdf.
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Figure 19. Wind Power Total World Capacity, 2000-2013
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Figure 20. Wind Power Capacity and Additions, Top 10 Countries, 2013
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Based on total sales of ~37.5 GW

DENMARK'S
ELECTRICITY
COVERED BY

WIND
in 2013:

33.27%
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SIDEBAR 5. SUSTAINABILITY SPOTLIGHT: WIND ENERGY

A decade of surging growth in the wind energy sector has
changed the electricity mix in many countries and brought
significant environmental benefit. Wind energy displaces fossil
fuel extraction and mining activities that have potentially severe
ecological impacts. Lifecycle carbon dioxide emissions from
wind-generated electricity are around 40 times less per kWh
than those from natural gas power and around 80 times less
than those from coal, reducing the risk and impact of climate-
related threats to humans and ecosystems.

Yet the rise of wind power also has raised concerns about
negative environmental and social impacts. Many are typical
impacts of large-scale infrastructural development and can be
understood and addressed as such. Some are unique to wind
turbines and are driving focussed research aimed at quantifying,
understanding, and mitigating the associated risks. Others
remain subjective or yet unsubstantiated by existing evidence or
ongoing research.

Observed or claimed impacts pertain to visual and aesthetic
obstruction, noise generation, land-use impacts, wildlife
mortality, discord and dispute within communities, and
consumption of raw materials. Offshore wind turbines may
produce specific marine impacts, including noise and vibrational
impacts on marine life, disturbance of the seabed and marine
ecosystems, and impacts on navigational safety and access
to shipping lanes and fisheries. Some have suggested that
infrasound, electromagnetic interference, noise, shadow flicker,
and blade glint from wind turbines may lead to public health
effects, although these claims are currently unsupported by
statistical or medical evidence.

Some of the impacts of wind turbines are being mitigated through
technological innovation. The development of turbine blades
with thinner trailing edges and more aerodynamic blade tips
has resulted in both higher efficiency and less noise generation.
As such, the noise generation of modern wind turbines is often
inaudible relative to other background noise. In the offshore
sector, various techniques are being applied or developed
to reduce noise impacts on marine life during construction,
including the use of “bubble curtains” to diminish the sound of
foundation pile driving.

Technical solutions are reducing collisions with birds and bats
as well. These include radar or GPS systems that idle turbine
blades when large flocks or individual birds are detected.
Research is also under way on the use of ultrasonic noise to
deter bats from the vicinity of wind turbines. Idling turbines
during low wind conditions (when bats are more active) has been
shown to significantly reduce bat fatalities. Other areas under
investigation include the use of strike detection systems that
shut down turbines to prevent further collisions with flocks, the

use of more visible turbine shapes and colours, and the use of
tower and turbine shapes that prevent nesting.!

Studies have shown that land-use impacts of turbines are small
in terms of the land surface that is disturbed: typically, less than
0.4 hectares per MW are disturbed permanently, with roughly
1.4 hectares / MW disturbed during construction. Surrounding
land can be used for productive purposes such as public
parkland, agriculture, or highways. Concerns over the availability
of “rare earths” (used in direct-drive turbines) are being actively
mitigated by the research on alternative materials, stock piling,
and the development of alternative mining reserves.

Impacts are also being managed through better planning and
regulation. Wind farms can alter the appearance of landscapes
and horizons substantially; however, these effects can be
mitigated or avoided through effective use of environmental
impact assessments, thorough public engagement during the
development process, and appropriate turbine placement. A
variety of best practice guidelines for public engagement have
been developed by public and private entities, including wind
energy industry associations and organisations. Furthermore,
many countries, including Australia, Ireland, South Africa,
and the United Kingdom, now require impact assessments,
mitigation, or compensation measures.

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

i - Studies on bird and bat collisions indicate that the turbine-related mortality rate of wind turbines is several orders of magnitude lower than other anthropo-
genic influences, including hunting by domestic and feral cats, collisions and electrocutions caused by power lines, and collisions with houses, buildings, and

vehicles.

i - Rare earth impacts are addressed in “Sidebar 3. Sustainability Spotlight: Rare Earth Minerals and PV Recycling” in GSR 2011.

Source: See Endnote 64 for this section.
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variable renewables.®? In addition, there is a shortage of skilled
personnel in new markets that are experiencing rapid growth,
particularly in Africa and Latin America, and in some more
mature markets where significant policy uncertainty makes it
difficult to keep trained staff in the sector.?® (See Sidebar 6 for
more on renewable energy jobs.)

Most of the world’s turbine manufacturers are in China,
Denmark, Germany, India, Spain, the United States, and
Japan, and components are supplied from many countries.®*
An increasing number of manufacturers are in Brazil, with
France and South Korea also emerging as producers of wind
technology.® The world’s top 10 turbine manufacturers captured
nearly 70% of the market in 2013 (down from 77% in 2012).86
Vestas (Denmark) regained the top spot from GE Wind (United
States), which suffered from the poor U.S. market and fell to
fifth. Goldwind (China) climbed four steps to second, followed
by Enercon and Siemens (both Germany), which switched spots.
Other top manufacturers were Gamesa (Spain), Suzlon Group
(India), United Power and Mingyang (both China), and Nordex
(Germany).®’ (See Figure 21.)

To deal with challenges and to maintain profitability, turbine
manufacturers are revamping their supply chains with techniques
such as component commonality and just-in-time stocking.®®
While many still make most of the critical parts, there is a
trend towards outsourcing and flexible manufacturing.®®
Some companies focus increasingly on project operation and
maintenance, which provides steady business even when sales
are down, and can increase value in an increasingly competitive
market.®® Others are joining forces: Mitsubishi (Japan) and
Vestas, and Areva (French nuclear supplier) and Gamesa,
announced joint ventures for offshore turbine development.®!
Most are now vertically integrated, with very few companies left
that are purely wind turbine manufacturers.®?

Local sourcing is increasing in response to local-content rules
as well as the potential for cheaper finance, shorter lead times,
insulation from exchange rate changes and customs duties, and
reduced costs and logistical issues associated with shipping
of big, heavy turbines and parts.*®* To reduce transport costs,
Vestas and shipper SNCF Geodis (France) in Europe, and
Siemens in the United States, have begun moving blades by rail,
although the practice is still in an early phase.**

Turbine designs continue to evolve to reduce costs and increase
yield, with trends towards larger machines (higher hub height,
longer blades, greater nameplate capacity), developments
to reduce operations and maintenance costs, and shifts in
technologies and strategies to improve the economics of
wind power in a wider range of wind regimes and operating
conditions.?® Progress in recent years has boosted energy vyields,
particularly in low-wind sites.®® In 2013, GE launched services
packages to improve the power output of individual turbines and
wind farms, and introduced a 2.5 MW turbine that incorporates
energy storage capability.”” The share of gearless, or direct-drive,
turbines increased again (from 12% in 2008 to 28% in 2013),
and the move continued towards tailor-made turbine designs for
offshore use.?®

The average size of turbines delivered to market in 2013 was
1.9 MW, up from 1.8 MW in 2012.%° Average turbine sizes were
2.7 MW in Germany, 1.8 MW in the United States, 1.7 MW in
China, and 1.3 MW in India.'®® The largest commercially available
turbine (Enercon’s E-126, up to 7.6 MW), is used in the onshore
sector.!”! The average size installed offshore in Europe remained
at about 4 MW.1°2 New machines in the 5—8 MW range are being
tested for offshore use in Europe and Asia, while leading Chinese
manufacturers are competing to develop turbines of 10 MW and
larger, spurred on by government grants.'%3

In addition to bigger turbines, the offshore industry is seeing
larger projects, and moving farther out, into deeper waters.o4
To date, deep-water offshore wind has focussed on foundations
adapted from the oil and gas industry, but new designs are under
development around the world.’®> In 2013, Japan floated two
2 MW machines, with plans to commercialise the technology as
soon as possible, and the United Kingdom launched a leasing
round for floating offshore wind.'¢ Japan and others aim to drive
down costs and hope offshore wind will revitalise old ports and
related industries.!%

New, larger and more-sophisticated vessels are being developed
to deploy turbines in deeper waters and under harsher weather
conditions, with British, Chinese, German, and South Korean
shipbuilders expanding into the industry.l°® Larger vessels are
also required to transport longer and larger subsea cables to
higher-capacity, more distant offshore projects.'®® These trends
have pushed up prices in recent years.''® As of early 2014, the
levelised cost of offshore wind power was nearly USD 240/MWh
(EUR 172/MWh), but the potential for lowering costs through
reductions in lifecycle financial costs is considered significant.!*

The small-scale (<100 kW) wind industry also continued to
mature in 2013, with hundreds of manufacturers worldwide,
expandingdealernetworks, andincreasingimportance of turbine
certification.’'? Most manufacturers and service providers are
concentrated in China, North America, and Europe.!’® About
three-quarters of the world’s manufacturers produce horizontal-
axis machines, with others focussing on vertical or both types;
most vertical-axis models have been developed over the past
5-7 years.!14

See Table 2 on pages 64—65 for a summary of the main renewable
energy technologies and their characteristics and costs.!*®

RENEWABLES 2014 GLOBAL STATUS REPORT
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SIDEBAR 6. JOBS IN RENEWABLE ENERGY AND RELATED FIGURES

As the slow recovery in the global economy fails to invigorate
labour markets, the issue of job creation has come to the
forefront of the policymaking debate and strategic choices made
by countries. Globally, an estimated 6.5 million people’ worked
directly or indirectly in the renewable energy sector, based on
a wide range of studies primarily from the period 2012 to 2013.
(See Table 1 and Figure 22.)

Recent trends in renewable energy prices and investment have
affected job creation across the value chain. Employment is
also shaped by regional shifts, industry realignments, growing
competition, advances in technologies and manufacturing
processes, and the impacts of austerity and policy uncertainty.
For instance, although declining prices of solar PV and wind
equipment are introducing new challenges for suppliers and
affecting manufacturing jobs, they are also driving employment
growth in installation and operations and maintenance.

Employment in solar PV manufacturing has experienced some
turbulence as intensified competition, overcapacities, and
tumbling prices have caused layoffs. But surging demand in
countries such as China and Japan has eased some of the
oversupply concerns, and jobs in the other segments of the value
chain continue to grow, making solar PV the largest employer.

The next largest employer is the biofuels value chain, with
1.45 million jobs. The United States is the largest producer
while Brazil's sugarcane-based ethanol industry is the largest
employer.

Wind employment was affected during 2013 by policy uncertainty,
which led to a significant drop in new U.S. installations and to weak
markets in Europe and India. This was offset by positive impulses
in China and Canada. In offshore wind, Europe accounted for the
bulk of global employment with 58,000 jobs, the U.K. being the
leader.

Discrepancies exist among available sources for solar heating/
cooling, but the most recent estimates suggest some half million
jobs globally. The remaining renewable energy technologies are
less dynamic and employ far fewer people.

Renewable energy employment continues to advance to more and
more countries, but the bulk of employment remains concentrated
in just a few: China, Brazil, the United States, India, Bangladesh,
and some countries in the EU.

China remains the largest employer in the sector, with 60% of
employment concentrated in solar PV and a marked shift towards
jobs in the installation segment of the value chain in 2013. Solar
water heating jobs showed a significant reduction that year,
possibly due to a change in the estimation method.

In 2012, the latest year for which data are available, the EU saw
significant employment gains in the wind and bio-power sectors
and large losses in solar PV. Biofuels, biogas, and geothermal
showed small gains, and the heat pump and solar thermal
sectors had small losses. Germany remains the dominant force
in European renewable energy employment.

In the United States, employment in the solar energy sector has
been rising rapidly, mostly in solar PV project development and
installation. In the wind industry, manufacturing capacity has
grown strongly, butthe stop-and-go nature ofthe national support
mechanism triggers periodic fluctuations in employment.

No updated numbers are available for India. A recent study
suggests that employment in wind and grid-connected solar
PV remains at the level of 2009. Solar PV manufacturers have
struggled in the face of cheap panel imports from China.

In 2013, global employment continued to grow, with noteworthy
shifts in the breakdown along the segments of the value chain.
More analysis of renewable energy employment patterns is
required for a thorough understanding of the underlying dynamics.

i - This global number, estimated by IRENA, should not be understood as a direct, year-on-year comparison with the IRENA estimate of 5.7 million jobs in the
GSR 2013, but rather as an ongoing effort to refine the data. Global statistics remain incomplete, methodologies are not harmonised, and the different studies
used are of uneven quality. These numbers are based on a wide range of studies, focused primarily on the years 2012—2013.

Source: See Endnote 83 for this section.
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JOBS IN RENEWABLE ENERGY

TABLE 1. ESTIMATED DIRECT AND INDIRECT JOBS IN RENEWABLE ENERGY WORLDWIDE, BY INDUSTRY

States desh  Germany  Spain  Restof EU
Thousand Jobs
£ Biomass®® 782 240 152 58 52 44 210
32 Biofuels 1,453 24 8201 236! 35 26 3 82
7 Biogas 264 90 85 9.2 49 0.5 19
Geothermal® 184 35 17 14 82
Hydropower 156 12 8 12 47 13 15 18
(Small)e
Solar PV 2,273 | 1,580° 112 100 56 11 153
CSP 43 143 1 28 0
Solar Heating / 503 350 30¢ 41 11 1 31
Cooling
N Wind Power 834 356 32 51 48 0.1 138 24 166

Data source: IRENA

a - Power and heat applications. b - Traditional biomass is not included. ¢ - Employment information for large-scale hydropower is incomplete, and therefore
focuses on small hydro. Although 10 MW is often used as a threshold, definitions are inconsistent across countries. d - The total for “World” is calculated by
adding the individual totals of the technologies. e - Previous estimates were substantially lower (in the 300,000—500,000 range), but installation jobs have
expanded massively. f-About 331,000 jobs in sugar cane and 208,000 in ethanol processing in 2012; also includes 200,000 indirect jobs in equipment
manufacturing, and 81,800 jobs in biodiesel. g - Equipment manufacturing; installation jobs not included. h - Biomass power direct jobs run only to 15,500.
i-Includes 173,667 jobs for ethanol and 62,200 jobs for biodiesel in 2013. j - All solar technologies combined, with solar PV estimated at close to 100,000
jobs. k- Directjobs only. I - Data for 2013. Includes 8,000 jobs in publicly funded R&D and administration; not broken down by technology. m - All data are
from 2012, except for Germany. The “World” total and the “Rest of EU” total are calculated using the EU country data for 2012 (even if 2013 data for a specific
country are available, e.g., Germany).

Note: Data are principally for 2012—-2013, with dates varying by country and technology. Some of the data for India and China are older. Totals may not add up
due to rounding.

w10 111 D101 HE11A DiED
waceover—— PTTET TTTOT TARTT TATCVY

(Solar PV, CSP,
Solar Heating/Cooling)

ﬂ Wind Power
SRR L LR L
-owows ETET TROAT TV 6.5 Million Jobs

i - Employment information for large-scale hydropower is incomplete and not included.
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TABLE 2. STATUS OF RENEWABLE ENERGY TECHNOLOGIES: CHARACTERISTICS AND COSTS

TECHNOLOGY

POWER GENERATION

TYPICAL CHARACTERISTICS

CAPITAL COSTS
USD / kW

TYPICAL ENERGY COSTS
LCOE — U.S. cents / kWh

Bio-power from solid
biomass (including
co-firing and organic
MSW)

Bio-power from
gasification

Bio-power from
anaerobic digestion

Geothermal power

Hydropower:
Grid-based

Hydropower:
Off-grid/rural

Ocean power:
Tidal range

Solar PV:
Rooftop

Solar PV:
Ground-mounted
utility-scale

Concentrating solar
thermal power (CSP)

Plant size: 1-200 MW
Conversion efficiency: 25—35%
Capacity factor: 50-90%

Plant size: 1-40 MW
Conversion efficiency: 30—40%
Capacity factor: 40—-80%

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

Plant size: 1-100 MW
Capacity factor: 60—-90%

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

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

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

Peak capacity:

3-5 kW (residential);

100 kW (commercial);

500 kW (industrial)

Capacity factor: 10—25% (fixed tilt)

Peak capacity: 2.5-250 MW
Capacity factor: 10—25% (fixed tilt)
Conversion efficiency: 10-30%
(high end is CPV)

Types: parabolic trough, tower, dish
Plant size: 50—250 MW (trough);
20-250 MW (tower);

10—-100 MW (Fresnel)

Capacity factor:

20—-40% (no storage);

35-75% (with storage)

800-4,500
Co-fire: 200—800

2,050-5,500

Biogas: 500-6,500
Landfill gas: 1,900-2,200

Condensing flash: 1,900—3800
Binary: 2,250-5,500

Projects >300 MW: 1,000-2,250
Projects 20—-300 MW: 750-2,500
Projects <20 MW: 750—4,000

1,175-6,000

5,290-5,870

Residential costs: 2,200
(Germany); 3,500—7,000 (United
States); 4,260 (Japan); 2,150
(China); 3,380 (Australia);
2,400-3,000 (Italy)

Commercial costs: 3,800 (United
States); 2,900-3,800 (Japan)

1,200-1,950 (typical global); as
much as 3,800 including Japan.
Averages: 2,000 (United States);
1,710 (China); 1,450 (Germany);
1,510 (India)

Trough, no storage:
4,000—7,300 (OECD);
3,100—4,050 (non-OECD)
Trough, 6 hours storage:
7,100-9,800

Tower: 5,600 (United States,
without storage) 9,000 (United
States, with storage)

4-20

Co-fire: 4.0-12
6-24

Biogas: 6-19

Landfill gas: 4—6.5

Condensing flash: 5-13
Binary: 7-14

Projects >20 MW: 2—12
Projects <20 MW: 3—-23

5-40

21-28

21-44 (OECD)
28—-55 (non-OECD)
16—38 (Europe)

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

Trough and Fresnel:
19-38 (no storage);
17-37 (6 hours storage)
Tower:

12.5-16.4 (United States;
high end of range is with
storage)

Wind: Turbine size: 1.5-3.5 MW 925-1,470 (China and India) 4-16 (OECD)

Onshore Capacity factor: 25—-40% 1,500-1,950 (elsewhere) 4-16 (non-OECD)
Wind: Turbine size: 1.5-7.5 MW 4,500-5,500 15-23

Offshore Capacity factor: 35-45%

Wind: Turbine size: up to 100 kW Average 6,040 (United States); 15-20 (United States)
Small-scale 1,900 (China)

TECHNOLOGY TYPICAL INSTALLED COSTS OR LCOE

CHARACTERISTICS USD / kW or U.S. cents / kWh

DISTRIBUTED RENEWABLE ENERGY IN DEVELOPING COUNTRIES

Digester size: 6—-8 m?
Size: 20-5,000 kW
System size: 20100 W
Turbine size: 0.1-3 kW

Unit cost: USD 612 / unit (Asia); USD 886 / unit (Africa)
LCOE: 8-12
LCOE: 160-200

Capital cost: 10,000/ kW (1 kW turbine); 5,000/ kW (5 kW); 2,500/ kW (250 kW)
LCOE: 15-35+

System size: 10—1,000 kW = LCOE: 25-100

Biogas digester
Biomass gasifier
Solar home system

Household wind
turbine

Village-scale mini-grid
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TECHNOLOGY TYPICAL CHARACTERISTICS CAPITAL COSTS

USD / kW

TYPICAL ENERGY COSTS
LCOE — U.S. cents / kWh

HOT WATER / HEATING / COOLING

Biomass heat
plant

Domestic pellet
heater

Biomass CHP

Geothermal space
heating (buildings)

Geothermal space
heating (district)

Ground-source
heat pumps

Solar thermal:
Domestic hot
water systems

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

Solar thermal:
Industrial process
heat

Solar thermal:
Cooling

TECHNOLOGY FEEDSTOCKS

Plant size: 0.1-15 MW,
Capacity factor: ~50—90%
Conversion efficiency: 80—-90%

Plant size: 5—100 MW,
Capacity factor: 15-30%
Conversion efficiency: 80—95%

Plant size: 0.5-100 kWi,
Capacity factor: ~60—-80%
Conversion efficiency: 70—80%
for heat and power

Plant size: 0.1-1 MW,
Capacity factor: 25—30%

Plant size: 3.8—35 MW,
Capacity factor: 256—30%

Plant size: 10—-350 kW4,
Load factor: 25—-30%

Collector type: flat-plate, evacuated tube
(thermosiphon and pumped systems)
Plant size: 2.1-4.2 kW, (single-family);
35 kWi, (multi-family)

Efficiency: 100%

Collector type: same as water only
Plant size:

7—-10 kWs, (single-family);

70—-130 kW, (multi-family);

70—3,500 kW4, (district heating);
>3,500 kW4, (district heat with seasonal
storage)

Efficiency: 100%

Collector type: flat-plate, evacuated tube,

parabolic trough, linear Fresnel
Plant size: 100 kW—20 MW,
Temperature range: 50—400 °C

Capacity: 10.5-500 kW (absorption
chillers); 8—370 kW (adsorption chillers)
Efficiency: 50—70%

FEEDSTOCK CHARACTERISTICS

400-1,500

360-1,400

600—-6,000

1,865—-4,595
665-1,830
500-2,250

Single-family:

1,100-2,140 (OECD, new build);
1,300-2,200 (OECD, retrofit)
147—-634 (China)

Multi-family:

950-1,850 (OECD, new build);
1,140—2,050 (OECD, retrofit)

Single-family: same as water only
Multi-family: same as water only

District heat (Europe): 460—780;
with storage: 470—1,060

470—1,000 (without storage)

1,600-5,850

4.7-29

6.5-36

4.3-12.6

10-27

5813

7-13

1.5-28 (China)

5-50 (domestic hot water)
District heat: 4 and up
(Denmark)

n/a

ESTIMATED PRODUCTION COSTS

U.S. cents/ litre!

TRANSPORT FUELS

Biodiesel Soy, rapeseed, mustard Range of feedstocks with different crop Soybean oil: 5672 (Argentina);
seed, palm, jatropha, yields per hectare; hence, production costs | 100-120 (Global average)
waste vegetable oils, vary widely among countries. Co-products ;allm oil: 1OOd_1t3hO ()Indone3|a,
animal fats include high-protein meal. alaysia, and otner

! nelude igh-proter Rapeseed oil: 105-130 (EU)

Ethanol Sugar cane, sugar beets, | Range of feedstocks with wide yield and Sugar cane: 82—93 (Brazil)

corn, cassava, sorghum,
wheat (and cellulose in
the future)

cost variations. Co-products include
animal feed, heat and power from bagasse
residues. Advanced biofuels are not yet
fully commercial and have higher costs.

Corn (dry mill): 85—128 (United States)

! Litre of diesel of gasoline equivalent

Notes: To the extent possible, costs provided are indicative economic costs, levelised, and exclusive of subsidies or policy incentives. Several components
determine the levelised costs of energy/heat (LCOE/H), including: resource quality, equipment cost and performance, balance of system/project costs (includ-
ing labour), operations and maintenance costs, fuel costs (biomass), the cost of capital, and productive lifetime of the project. The costs of renewables are site
specific, as many of these components can vary according to location. Costs for solar electricity vary greatly depending on the level of available solar resources.
Itis important to note that the rapid growth in installed capacity of some renewable technologies and their associated cost reductions mean that data can
become outdated quickly; solar PV costs, in particular, have changed rapidly in recent years. Costs of off-grid hybrid power systems that employ renewables
depend largely on system size, location, and associated items such as diesel backup and battery storage.

Source: See Endnote 115 for this section for sources and assumptions.
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Various stakeholder groups share
their insights and experiences to capture
the global status of renewable energy.
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03 INVESTMENT FLOWS

Global new investment in renewable power and fuels (not
including hydropower projects >50 MW) was USD 214.4 billion in
2013, as estimated by Bloomberg New Energy Finance (BNEF).!
This was down 14% relative to 2012, and 23% lower than the
record level in 2011. (See Figure 23.) Including the unreported
investments in hydropower projects larger than 50 MW, total
new investment in renewable power and fuels was at least USD
249.4 billion in 2013." Note that these estimates do not include
investment in renewable heating and cooling technologies.

The second consecutive year of decline in investment—after
several years of growth—was due in part to uncertainty over
incentive policies in Europe and the United States, and to
retroactive reductions in support in some countries. Europe’s
investment was down 44% from 2012, and, for the first time
ever, China alone invested more in renewable energy than all of
Europe combined. The year 2013 also saw an interruption to the
eight consecutive years of rising renewable energy investment in
developing countries.

Yet the global decline also resulted from sharp reductions in
technology costs. This was particularly true for solar PV, which
saw record new installations in 2013, despite a 22% decline
in dollars invested. Lower costs and efficiency improvements
made it possible to build onshore wind and solar PV installations
in several locations around the world in 2013 without subsidy

support, particularly in Latin America. Considering only net
investment in new power capacity, renewables outpaced fossil
fuels for the fourth year running.

Further, despite the overall downward trend in world investment,
there were significant exceptions at the country level. The most
notablewasJapan, where renewable energyinvestment (excluding
R&D) increased by 80% relative to 2012. Other countries that
increased their investment in 2013 included Canada, Chile, Israel,
New Zealand, the United Kingdom, and Uruguay.

I INVESTMENT BY ECONOMY

Developing and developed countries alike saw reductions in
renewable energy investments in 2013. Developing country
investments fell for the first time since tracking began in 2004.
Their outlays of USD 93 billion were down 14% from the record
investment made in 2012, and just above the 2011 level. This
compares with USD 122 billion in developed countries, the lowest
investment level in the past four years. China accounted for 61%
of developing-country investment in renewables in 2013, up from
55% in 2012.

Most regions of the world experienced reductions in investment
relative to 2012. The exceptions were the Americas, excluding
the United States and Brazil (both of which saw reductions),

Figure 23. Global New Investment in Renewable Power and Fuels, Developed and Developing Countries, 2004-2013
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i - This section is derived from Frankfurt School-UNEP Collaborating Centre for Climate & Sustainable Energy Finance (FS-UNEP) and Bloomberg New Energy
Finance (BNEF), Global Trends in Renewable Energy Investment 2014 (Frankfurt: 2014), the sister publication to the GSR. Data are based on the output of the
Desktop database of BNEF, unless otherwise noted, and reflect the timing of investment decisions. The following renewable energy projects are included:

all biomass, geothermal, and wind generation projects of more than 1 MW; all hydro projects of between 1 and 50 MW; all solar power projects, with those less
than 1 MW estimated separately and referred to as small-scale projects or small distributed capacity; all ocean energy projects; and all biofuel projects with an
annual production capacity of 1 million litres or more. For more information, please refer to the FS-UNEP/BNEF Global Trends report. Where totals do not add

up, the difference is due to rounding.

ii - Investment in large hydropower (>50 MW) is not included in the overall total for investment in renewable energy. BNEF tracks only hydropower projects of

between 1 MW and 50 MW.

o]~

Source: See
Footnotesiand ii
for this section.
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03 INVESTMENT FLOWS

and Asia-Oceania, excluding China and India, where annual
investment in renewable energy continued its uninterrupted
rise. The Asia-Oceania region saw investment increase 47%
over 2012, to a record high of USD 43.3 billion, due largely to
the solar boom in Japan. (See Figure 24.) Europe and China
continued to be the most significant investors, despite declines
in each region; together they accounted for just short of half
(49%) of the world total, down from a 59% share in 2012. Most
of this decline was seen in Europe, where investment dropped
by 44% in 2013 relative to 2012.

At the national level, the top 10 investors consisted of three
developing countries (all BRICS countries) and seven developed
countries. China was again in the lead, with an investment of
USD 54.2 billion, excluding R&D. It was followed by the United
States (USD 33.9 billion), Japan (USD 28.6 billion), the United
Kingdom (USD 12.1 billion), and Germany (USD 9.9 billion). The

next five were Canada (USD 6.4 billion), India (USD 6 billion),
South Africa (USD 4.9 billion), Australia (USD 4.4 billion), and
Italy (USD 3.6 billion).!

China accounted for USD 56.3 billion (including R&D) of new
investment in renewable energy, down 6% from 2012. Asset
financing increased, but contributions from public markets and
private equity shrank to low levels. Despite the overall decline,
China’s investment in additional renewable power capacity
surpassed fossil fuel capacity additions in 2013 for the first
time. The vast majority of the country’s investment was for solar
and wind power projects, and China was the top country by far
for spending on utility-scale' projects, followed distantly by the
United States and the United Kingdom. China also invested
significant sums in hydropower, bringing about 29 GW of new
capacity into operation during the year, of which a large portion
was projects >50 MW.i! (See Hydropower section.)

i - National investment totals do not include government and corporate R&D because such data are not available for all countries. The South Africa number also
does not include small-scale projects. Note, however, that data in Figure 24 do include government and corporate R&D.

ii - “Utility-scale” in this section refers to wind farms, solar parks, and other renewable power installations of 1 MW or more in size, and to biofuel plants of more
than 1 million litres’ capacity.

ii - The Chinese government estimates that China invested more than USD 20 billion (CNY 124.6 billion) in hydropower during 2013, including hydropower
facilities of all sizes (this number may also include pumped storage).

Figure 24. Global New Investment in Renewable Power and Fuels, by Region, 2004-2013
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The United States, which invested USD 35.8 billion (including
R&D), continued to be the largest individual investor among
the developed economies. This was despite a decline in
investment of nearly 10% in 2013, attributed largely to the
impact of low natural gas prices caused by the shale gas boom,
and to uncertainty over the continuation of policy support for
renewables. U.S. venture capital and private equity investment
in renewables fell to just USD 1 billion, the lowest since 2005,
indicative of a loss of confidence among early-stage capital
providers. However, this decline was offset by a big jump in U.S.
public markets investment, from USD 949 million in 2012 to USD
5.3 billion in 2013 (mainly for solar power and biofuels).

Japan saw a record increase in renewable energy investment,
up 80% from 2012 to USD 28.6 billion, excluding R&D. The
largest part of that commitment was for small-scale solar PV
projects, as investors sought to capitalise on the generous feed-
intariff that was introduced in 2012. Anincrease of 76%in 2013,
to USD 23 billion, made Japan the top country for investments
in small-scale distributed renewables, followed distantly by the
United States and Germany. Japan’s asset finance in utility-
scale projects nearly doubled, to USD 5.6 billion.

The United Kingdom also saw investments rise, by 14%, with the
largest component coming from asset financing of utility-scale

Renewable Energy

Policy Network

for the 2ist Century
e ~
O]~

projects. This was followed by public markets, where a new
breed of funds that owns and operates wind and solar power
assets raised significant money during the year.

In stark contrast to these increases, Germany’s investment
declined again in 2013, landing at less than one-third of its
2010 peak (USD 33.7 billion), and bringing it from third to fifth
position globally for renewable energy investment. The low
investment level in 2013 can be attributed in part to the policy
uncertainty faced by investors ahead of the general election
in September 2013. However, other factors contributed to the
dampened activity levels, including reduced prices of solar PV
and a shortage of good quality, unexploited wind sites on land.

Canada has been a steady investor in renewable energy in
recent years and, in 2013, moved into the list of top 10 countries.
Investment increased relative to the period 2007-2012, with
most of this from asset finance—principally for large-scale wind
and solar PV projects in Ontario.

Investment in India in 2013 fell to just under half of the peak total
recorded in 2011 (USD 12.5 billion). Almost all of the decline
was due to a slowdown in asset finance, which was particularly
apparent in the solar power market. However, small-scale
project investmentincreased in 2013 to a record USD 0.4 billion.
Beyond the top three countries in Asia, Thailand, Hong Kong,

-
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Source:
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Figure 25. Global New Investment in Renewable Energy by Technology, Developed and Developing Countries, 2013
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and the Philippines dominated investment in renewable energy
in emerging Asia (collectively investing over USD 3 billion).

South Africa led the African continent, although it was down
from USD 5.7 the previous year, recording investment of USD
4.9 billion (excluding R&D and small-scale projects). This was
almost entirely in the form of asset financing for wind and solar
power, including CSP; overall, South Africa was one of the world’s
most active CSP markets in 2013. The second largest investor in
Africa was Kenya (USD 249 million), followed by Mauritius and
Burkina Faso.

The countries holding the ninth- and tenth-place positions in the
investor country list were Australia and Italy. Australia led in the
Pacific, with USD 4.4 billion split roughly evenly between small-
scale solar PV and utility-scale asset finance. Italy remained
in the top 10, but it recorded a 75% decline in renewable
energy investment relative to 2012. This was due largely to the
government’s cap on the amount of solar PV capacity that is
eligible for feed-in tariffs. Other European countries investing
more than USD 1 billion included Denmark, France, Greece, the
Netherlands, Sweden, and Switzerland.

Brazil continued to lead in Latin America, despite a 54% drop
relative to 2012, which made it the country’s weakest year since
2005, and took it out of the list of top 10 investing countries.
Brazil's investment, totalling USD 3.1 billion, was dominated
by asset finance, with the vast majority (USD 2.1 billion) going
towards wind power projects and most of the remainder towards
biofuel plant capacity. Outside of Brazil, the region’s USD 6
billion invested in renewable energy was widely distributed, with
Chile up 72% to USD 1.6 billion in 2013, followed by Mexico,
Uruguay, Costa Rica, and Peru.

i - Includes all waste-to-power technologies, but not waste-to-gas.

I INVESTMENT BY TECHNOLOGY

Solar power was again the leading sector by far in terms of money
committed during 2013, accounting for USD 113.7 billion, or
53% of total new investment in renewable power and fuels (not
including hydro >50 MW). Wind power followed with USD 80.1
billion, about level with investment in 2012 and accounting for
more than 37% of total investment. The remaining 10% was
made up of biomass and waste-to-energy' power (USD 8 billion),
small-scale hydropower (<50 MW) (USD 5.1 billion), biofuels
(USD 4.9 billion), geothermal power (USD 2.5 billion), and ocean
energy (USD 0.1 billion). Investment declined relative to 2012 in
all renewable technology sectors tracked by BNEF, with the lone
exception being geothermal power, which saw a 38% increase.
(See Figure 25.)

As in 2012, about 90% of all solar power investment went to
solar PV (USD 102.3 billion), with the remaining share going to
CSP. Solar power saw one of the largest declines in 2013, with
investment dollars falling 20% below 2012 levels. Most of the
decline, however, was attributable to reductions in installed
costs of solar PV systems.

Bioenergy accounted for a larger share of total renewables
investment in past years, representing 29% of investment in
2007. By contrast, in 2013 it made up only 6%, with biomass
and waste-to-energy seeing their lowest investment level since
2005, and biofuels the lowest since 2004.

Developing economies continued to represent the majority of
investments made in wind power and small-scale hydropower,
whereas developed countries outweighed them in all other
technologies. This was despite the fact that solar investment
was down 21% in developed economies and up significantly
in China, the second largest solar power investor after Japan.
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The top investors in wind power were China, followed distantly
by the United States, the United Kingdom, Germany, Canada,
and India. The smaller technologies showed contrasting trends,
with investment in biomass, small-scale hydro, and geothermal
power up in developed economies but down significantly in
developing countries, and biofuels down everywhere.

Detailed statistics are not available for large hydropower projects
over 50 MW in size, although they represent the third most
important sector for renewable energy investment after solar
and wind power. Translating hydropower capacity additions into
asset finance dollars per year is not straightforward because
the average project takes four years to build. However, BNEF
estimates that asset financing for large-scale hydro projects
commissioned in 2013 totalled at least USD 35 billion—more
than a quarter of the USD 133.4 billion value of asset finance
excluding large-scale hydro. Considering hydropower data
provided by the industry and reported elsewhere in this GSR,
investment in hydropower >50 MW may have been considerably
higher.?

REN21
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I INVESTMENT BY TYPE

Global research and development' declined 2% in 2013, to USD
9.3 billion, a modest reduction given that most “green stimulus”
programmes expired during the 2011-2012 period. Nearly every
region held steady or saw growth, with the exception of Asia-
Oceania (excluding China and India), where R&D investment
fell by 12%. Globally, the private sector invested more than
the public sector for the third consecutive year, although the
difference was marginal, with private investment falling by USD
300 million to USD 4.7 billion, and public investment rising USD
100 million to USD 4.6 billion.

Total R&D spending on solar power declined 2% in 2013, to
USD 4.7 billion, but the sector still received more funding than
did all other technologies combined for the fourth consecutive
year. R&D investment in wind and ocean power declined slightly,
while it was up slightly for bio-power, geothermal, and small-
scale hydropower, and stable for biofuels.

Asset finance of utility-scale projects accounted for the vast
majority (62%) of total investment in renewable energy, totalling
USD 133.4 billion. However, it declined (13.5%) for the second
consecutive year, to the lowest level since 2009. The decline is
attributed largely to falling equipment costs, uncertainty over
future energy support policies, and reduced investments by
utilities.

Project funding declined in Brazil, India, Europe, and the United
States, but it increased modestly in other regions. China saw the
largest amount of asset finance investment, accounting for 40%
of the global total, thus consolidating its position as the world
leader in deployment as well as manufacturing.

Wind power (USD 75.4 billion) accounted for more than half
of global asset finance, even though it declined for the third
consecutive year; solar power (USD 44.4 billion) followed, but it
was down for the second year running, with the decline reflecting
lower costs per MW installed.

Small-scale distributed capacity accounted for 28% of total
investment, but it was down 25% to USD 59.9 billion in 2013,
ending a six-year period of uninterrupted growth. This was a
result of continued downward revisions of subsidies in Europe,
as well as reductions in average system costs. Most of the major
markets saw large declines in new investment: China, Germany,
Italy, France, and the United Kingdom all recorded falls of
between 50% and 80%. These were partially offset by a 76%
increase in Japan, to USD 23 billion, driven by a generous solar
feed-in tariff; and an 11% increase in the United States, to nearly
USD 8 billion.

Public market equity raised by renewable energy companies
and funds was the bright spot in 2013, rising sharply after its
2012 slump and recovering to the average level of the previous
five years. Spurred by renewed interest in clean energy stock
offerings, investment in public markets increased by more
than 200% to USD 11.1 billion. All technologies experienced
growth, with the exception of small hydropower and ocean
energy, which saw declines of 81% and 71%, respectively. Solar
power (up 111%) was far ahead of others, with USD 4.8 billion,
followed by wind (USD 2.6 billion), geothermal power (USD 1.6
billion), and biofuels (USD 1.5 billion). The WilderHill New Energy

ii - See Sidebar 5in GSR 2013, “Investment Types and Terminology,” for an explanation of investment terms used in this section.
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Global Innovation Index (NEX), which tracked 96 clean energy
companies, rose 53.9%, making 2013 its best year since 2007.

Venture capital and private equity investment (VC/PE) in
renewable energy fell sharply in 2013, down 46% to USD 2.2
billion. This was the third consecutive year of decline, and
investment reached the lowest level since 2005. The decline
reflected the shortage of successful exits by VC/PE-backed
companies in recent years, and by the depleted cash holdings
of many clean energy venture funds. Although the United States
saw VC/PE capital raisings fall from USD 2.8 billion to USD 1
billion, it remained the largest venture capital and private equity
market, with twice the VC/PE investments of Europe.

Solar power was the biggest loser, with venture capital and
private equity investment down more than two-thirds from
its 2012 level, to USD 549 million. This was an indication that
investors remained scarred by the insolvencies resulting from
chronic global overcapacity since 2008. For the first time in a
decade, VC/PE investment in wind exceeded that in solar power.
Wind power was the only technology to see an increase in
2013—it rose by 70% to USD 1 billion.

Mergers and acquisition (M&A) activity—which is not counted
as part of the USD 214.4 billion in new investment—continued
the decline that began in 2012, to its lowest volume since 2006.
Total acquisition funding in 2013 stood at USD 53.7 billion, down
11% since 2012, and nearly USD 20 billion below the peak level
reached in 2011. The nominal value of renewable power assets
acquired or refinanced declined by 18% to USD 39.9 billion.
In contrast, the corporate buying and selling of companies
increased by 45% to USD 11.5 billion, reversing the dynamic
seenin 2012. Trade in renewable power projects still accounted
for the largest share of overall activity—some 75% of the total—
but this was down from 81% in 2012.

I RENEWABLE ENERGY INVESTMENT
IN PERSPECTIVE

In 2013, gross investment in new renewable electric generating
capacity (not including hydro >50 MW) amounted to USD
192 billion’, down from USD 234 billion in 2012 due to lower
technology costs and policy uncertainty.® This compares with
gross investment in fossil fuel-based capacity of USD 270 billion,
down from USD 309 billion in 2012. By this measure, the gap
between renewable and fossil fuels increased slightly in 2013,
with investment in renewable power capacity down 18% relative
to 2012 and fossil fuels down nearly 13%.

However, much of the investment in fossil fuels went to replacing
existing coal-, oil-, and gas-fired power stations, while only USD
102 billion went to establishing additional fossil fuel capacity.
By contrast, almost all investment in renewable capacity is net,
meaning that it adds to overall generating capacity. Considering
only netinvestment in 2013, renewable power was ahead for the
fourth consecutive year, with its USD 192 billion taking a wide
lead over fossil fuels’ estimated USD 102. Taking into account
investment in hydropower projects >50 MW, global investment
in renewable power capacity was well over twice the net
investment in fossil fuel power capacity in 2013.
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i - This number is for renewable power asset finance and small-scale projects. It differs from the overall total for renewable energy investment (USD 214.4
billion) provided elsewhere in this section because it excludes biofuels and types of non-capacity investment such as equity raising on public markets, and

development R&D.
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I SOURCES OF INVESTMENT

Clean energy funds had a strong year in 2013, with an asset-
weighted average gain of 17.1% compared with the 1.5%
increase in 2012. The best performer saw its share price more
than double, due to its concentration in solar stocks. Much of
the capital raising of 2013 involved project-oriented funds and
took place in Europe.

North America saw the emergence of innovative yield-oriented
financing vehicles, which pass a high share of earnings to
shareholders and provide stable, long-term cash flows. Two
“yield companies” came to the market, raising a total of USD
631 million in 2013 for solar, wind, and hydropower projects.

Crowd funding continued to become a more mainstream means
of raising money in an increasing number of countries. Crowd
funding enables small companies and start-ups to raise capital
from many small investors in exchange for an equity stake,
structured payments, and/or products.

Clean energy project bonds set a new record in 2013, with over
USD 3.2 billion raised through 10 confirmed transactions; solar
power projects dominated the top 10 bonds by size, accounting
forjustunderhalfofthe total. Aconsortium of banks, representing
eight of the top 10 corporate bond underwriters, released its
“Green Bond Principles” in January 2014, establishing voluntary
guidelines on what constitutes a green bond, the potential types
of bond, the issuance process, and the need for companies to
detail their plans for the proceeds.*

Institutional investors, including pension funds, insurance
companies, and wealth managers, continued to play an
increasing role, particularly in Europe. A record volume of
investment was seen, thanks to the appeal of project yields that
are double those of government bonds, combined with a high
level of predictability. However, the total volume of institutional
finance deployed on projects remained small compared to the
overall institutional asset allocation, due to political, regulatory,
and other hurdles.

Development banks were again an important source of clean
energy investment in 2013." Germany’s KfW—the largest lender
forclean energy projectsin 2012—reduced its renewable energy
commitments by 41% to USD 6.5 billion™ (EUR 4.7 billion). By
contrast, the European Investment Bank (EIB) raised its lending
to renewables by 98%, to USD 8.8 billion (EUR 6.4 billion),
to set a record high. Also in 2013, several development
banks—including the World Bank, EIB, and European Bank for
Reconstruction and Development—curtailed their funding for
coal-fired power, pledging to support it only if no other fuel is
viable. They were joined by the overseas aid departments of the
United States and several northern European countries.”
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I EARLY INVESTMENT TRENDS IN 2014

Hopes for the beginnings of a recovery in renewable energy
investment in 2014 rose with the release of first quarter (Q1)
numbers, which showed a 4% gain compared to the same period
of 2013. Renewable energy investment worldwide in Q1 2014
was USD 44.4 billion. This was lower than the USD 57.3 billion
recorded in the fourth quarter of 2013, but the first quarter
usually sees the lowest activity level of the year, so the more
meaningful comparison was with Q1 2013’s USD 42.6 billion.

Among the highlights of Q1 2014 were small-scale solar power
in Japan and the United States, and renewable power financings
in emerging markets such as Kenya and Indonesia. Globally,
small-scale project investment rose by 42% compared to Q1
2013, reaching USD 21.2 billion, while asset finance of utility-
scale projects fell 13% to USD 22.8 billion.

Total U.S. investment was up 32% compared to a very subdued
figure in Q1 2013, at USD 4.8 billion, while China was up 18% at
USD 9.9 billion, and Europe was down 29% at USD 10.9 billion.
The leading region was Asia-Oceania excluding China and India,
with a 27% rise to USD 12.1 billion.

i - Ayield company is a corporate entity created specifically to hold high-yielding investments in operating-stage projects.
ii - Note that investment data were not available for most development banks when the UNEP/BNEF Global Trends report was published.

iii - The USD number provided here differs from that in the Global Trends Report (USD 6.2 billion); it was converted to be comparable with other values
throughout the GSR, using the date 31 December 2013 and the OANDA Currency Converter (http://www.oanda.com/currency/converter/). The same is true for

the EIB number.

iv - European countries include Denmark, Finland, Iceland, Norway, Sweden, and the United Kingdom.
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04 POLICY LANDSCAPE

Renewable energy technologies continue to receive significant
attention from policymakers around the world. The number
of countries with policies to promote the development and
deployment of these technologies increased yet again in 2013.

Policymakers have turned to renewable energy to achieve a
number of goals. The primary objective is generally to maintain
or expand energy services. Other social, political, and economic
objectives may include reducing health and environmental im-
pacts of energy use, including greenhouse gas emissions, and en-
hancing energy access and security, as well as secondary benefits
such as improving opportunities for education, job creation, rural
economic development, poverty reduction, and gender equality.

By early 2014, renewable energy support policies were in place
at the national or state/provincial level in 138 countries, up from
the 127 countries reported in GSR 2013.! (See Table 3 and
Figures 26 and 27.) As in recent years, however, the pace of
policy adoption was again slow in 2013 relative to the early-to-
mid 2000s; the slowing rate of adoption is due partially to the fact
that so many countries have enacted renewable energy support
policies already. While the early expansion of policies was driven
by developed countries, many of which now have several policy
measures in place, developing and emerging economies have led
the expansion in recent years, accounting for 95 of the countries
with renewable support policies in place by early 2014, up from an
estimated 15in 2005."? (See Figures 29 and 30.)

In 2013, there was an increasing focus on revisions to existing
policies—including retroactive changes. Some adjustments
were made to improve the effectiveness and efficiency of
supporting policies, while others were aimed to curtail further
growth of renewables for a variety of reasons. Particularly in
Europe, decisions were taken in several countries to reduce
support in the electricity sector. At the same time, however,
policies are being further developed and differentiated, moving
towards convergence of features across the different types of
policy mechanisms. For example, technology-specific support
has been introduced into certificate trading and quota systems
that were originally technology-neutral, and feed-in policies
have been moving from fixed minimum payments to premiums
paid on top of a market price.

In many countries, policymakers have continued to adapt
legislation to respond to changing circumstances. Some
countries have adjusted policies in response to rapidly evolving
domestic and international market conditions, including declining
technology costs and perceived unfair trade practices. Others
have revised policies to address continuingly tight national
budgets or shifting public opinion, which in some instances
has blamed renewables for increases in energy prices. Some
countries are also providing guidance by enacting policies to
advance or manage the integration of high shares of renewable

electricity in existing power systems. For the first time, this section
of the report presents a brief overview of these policies.

The section aims to give a picture of new policy developments
at the national, state/provincial, and local levels, and does
not attempt to assess or analyse the effectiveness of specific
policies or policy mechanisms.

I POLICY TARGETS

Policy targets for the increased deployment of renewable energy
technologies existed in 144 countries as of early 2014, up from
the 138 countries reported in GSR 2013. (See Reference Tables
R12—R15.)

Renewable energy targets take many forms. Although the
majority continue to focus on the electricity sector, targets for
renewable heating and cooling and for transport are becoming
increasingly important tools for policymakers. (See later sections
on Heating and Cooling, and Transportation.) Other forms of
targets include renewable shares of primary and final energy,
as well as capacities of specific renewable technologies or their
energy output. Targets most often focus on a specific future year,
but some are set for a range of years or with no year reported.
In addition, targets for expanding energy access, although not
direct renewable energy targets, are increasingly specifying
the use of renewable sources. (See Section 5 on Distributed
Renewable Energy in Developing Countries.)

At least 12 countries had historical targets aimed at the year
2013. Algeria installed 10 MW of wind in 2013 to meet its
targeted capacity of 10 MW, and China met its goal to add 49 GW
of renewable capacity in 2013.2 However, eight countries failed
to meet their targets by year’s end. For example, in early 2014,
India was short of its targeted 4,325 MW of additional renewable
power capacity in fiscal year 2013-14.7"4 Both Tonga and Fiji
failed to meet goals for 100% of final energy from renewables;
subsequently, Fiji reduced its targets to 100% of electricity and
23% of final energy from renewable sources by 2030.° France
fell short of its goal of adding 1,000 MW of solar power'i; Nepal
failed to meet its goal of 1 MW of installed wind capacity; St.
Lucia failed to meet its target of 5% renewable electricity; South
Africa did not meet its goal to generate 10,000 GWh of renewable
electricity in 2013; and South Korea ended the year short of its
goal to add 100 MW of wind power during 2013.6

As of early 2014, data were not yet available to determine
whether several other targets were achieved, including: Algeria
(cumulative 25 MW of solar PV, 25 MW of CSP); Céte d’lvoire (3%
of primary energy); Nepal (cumulative 3 MW of solar, 15 MW of
micro hydro); Peru (5% of electricity demand from hydropower
projects smaller than 20 MW each).”

i - The estimate of 15 countries in 2005 was based on the best information available to REN21 at the time. According to the income classification of the World
Bank Country and Lending Groups for the fiscal year 2014 (1 July 2013 to 30 June 2014), there were 138 developing and emerging economies, defined as
countries in the low income, lower-middle income, and upper-middle income classifications, out of a total of 188 countries overall (per World Bank).

The income classification by GNI per capita for the fiscal year 2014 is as follows: “high” income — USD 12,616 or more, “upper-middle” income — USD 4,086
to USD 12,615, “lower-middle” income — USD 1,036 to USD 4,085, and “low” income — USD 1,035 or less.

ii - India does not classify hydropower installations larger than 25 MW as renewable energy sources. Therefore, throughout the Policy Landscape section,
national targets and data for India do not include hydro facilities greater than 25 MW. The Indian government’s fiscal year runs from 1 April through 31 March.

iii - Throughout the Policy Landscape section, the term “solar power” refers to solar PV and/or CSP.
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New policy targets were introduced by at least six countries in
2013. Azerbaijan approved a target for renewables to account
for 9.7% of total primary energy and 20% of electricity by 2020;
Bhutan set a target of 20 MW of renewable power capacity by
2025; and Kazakhstan targeted a 1% share of electricity from
renewables by 2014 and a 3% share by 2020.2 Kenya enacted a
plan to expand total electric capacity by 5,000 MW by 2016, up
from 1,660 MW in late 2013, including 794 MW of hydropower
capacity, 1,887 MW of geothermal, 635 MW of wind, and 423 MW
of solar PV.? Qatar set a goal of generating 2% of its electricity
from renewables by 2020, and Russia targeted roughly 6 GW of
solar, wind, and small-scale hydropower capacity by 2020.1°

A number of countries revised existing targets for renewable
power capacity and generation during the year, with most
targetsincreasing. As of January 2014, China adopted a range of
targets to be met by 2015, including 18 GW of wind and 35 GW of
cumulative solar PV capacity (up from the previous 20 GW target),
including 20 GW of distributed solar PV.!! China also set a target
to achieve 200 MW of wind installed by 2020.'? India announced
plans to more than double its renewable capacity, from 25 GW
in 2012 to 55 GW by 2017.%% Thailand increased its existing
long-term targets for electricity from solid biomass, agricultural
waste-to-energy, solar, and wind power, and raised its overall
target for renewable shares of final energy consumption to 25%
by 2021.** In the near term, Thailand plans to add 1 GW of solar
PV by the end of 2014.'® Vanuatu added to its existing goal of
23% renewable electricity by end-2014 by establishing targets
to achieve a 40% share by 2015, and 65% by 2020.16

In Europe, Portugal enacted a number of technology-specific
targets for cumulative electric capacity by 2020, including 769 MW
of bio-power from solid biomass; 59 MW of biogas power; 29 MW
of geothermal power; 400 MW of small-scale hydropower; 6 MW
of wave energy; 670 MW of solar PV; 50 MW of CSP; 5,273 MW
of onshore wind power; and 27 MW of offshore wind power.!” The
United Kingdom set a target to deploy 39 GW of offshore wind
capacity by 2030.' Germany, however, lowered its offshore wind
targets from 10 GW to 6.5 GW by 2020, and from 25 GW to 15 GW
by 2030.%°

In the MENA region, Egypt adopted a new five-year plan that
calls for the addition of 700 MW of solar PV and 2,800 MW of CSP
by 2017; Libya increased its existing 2020 target for renewable
electricity from 7% to 20%; and Saudi Arabia set a near-term
goal of 6 GW of solar PV by 2020 as a step towards its existing
2032 goal of 16 GW.? In Latin America, Chile doubled its existing
target, calling for a 20% renewables share of electricity by 2025,
and Uruguay set a new higher target to generate 90% of its
electricity from renewable sources by 2015.%!

On the regional level, the Caribbean Community (CARICOM)
Secretariat adopted a trans-national target on behalf of its 15
member states, calling for a regional renewable electricity share
of 20% by 2017, 28% by 2022, and 47% by 2027.?> The shares
are to be achieved by country-differentiated targets that were yet
to be defined as of early 2014. The EU and the ECOWAS region
of West Africa also have trans-national targets in place. At the
sub-national level, the U.S. state of California set new standards
requiring the deployment of an additional 600 MW of renewable
capacity beyond the 33% renewable portfolio standard (RPS)
goal to make it possible for small consumers to purchase up

to 100% renewable electricity from their utilities.?® Also in the
United States, Massachusetts raised its 2020 solar PV capacity
target to 1.6 GW after achieving its goal of 250 MW four years
early, and Minnesota set a goal for solar power to generate 10%
of the state’s electricity by 2030.%

I POWER GENERATION POLICIES

Most renewable energy support policies that were enacted
or revised during 2013 focus on the power sector, as in past
years.?® (See Figure 28). Around the world, a mix of regulatory
policies, fiscal incentives, and public financing mechanisms—
including feed-in policies, renewable portfolio standards (RPS),
net metering, tax reductions or exemptions, grants, low-interest
loans, and public competitive bidding /tendering—continued to
be adopted to promote increased renewable power capacity or
generation. In the majority of cases, countries have adopted a
variety of mechanisms to produce the policy mix best tailored to
their unigue domestic circumstances.

As in recent years, the majority of actions relating to feed-in
policies centered on modifications to existing feed-in tariffs
(FITs) and feed-in premiums (FIPs), and only two countries
added such policies in 2013. Kazakhstan enacted a new feed-in
policy, and Ecuador relaunched its FIT scheme (which expired
in 2012) with a revised incentive structure. Ecuador’s feed-in
rates for bioenergy and geothermal were unchanged, but tariffs
were amended for wind power (up 28.6%), CSP (down 19.4%),
and tidal energy (down 27.3%), and support for solar PV was
eliminated.?® Ghana established rates for the FIT scheme that
was adopted as part of the Renewable Energy Act of 2011.%7

Reductions in feed-in rates continued in several countries.
Many of these reductions were planned previously—often
through mechanisms that were built into policy design—and
were intended to ensure that financial support remained in line
with changing market conditions. However, several European
countries legislated reductions (or even removals) of support
that were previously unplanned and in many cases enforced
retroactively (i.e., on existing capacity), as noted below.

Germany continued toimplement scheduled quarterly reductions
to its FIT for solar PV (in addition to annual reductions for most
other technologies), with solar PV rates falling monthly. (New
rates are set every three months, and reductions depend on
actual installations in the previous quarter.) Further reductions in
support are expected as amendments to the Renewable Energy
Act are pursued, with changes anticipated in 2014.28 The United
Kingdom strengthened several FIT incentives (see below), but
the degression mechanism, which is applied quarterly, resulted
in reduced rates for solar PV systems of up to 50 kW.?° Italy
ceased feed-in support for new solar PV projects when the

i - CARICOM comprises Antigua and Barbuda, The Bahamas, Barbados, Belize, Dominica, Grenada, Guyana, Haiti, Jamaica, Montserrat, St. Kitts and Nevis,

St. Lucia, St. Vincent and the Grenadines, Suriname, and Trinidad and Tobago.
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Figure 26. Countries with Renewable Energy Policies, Early 2014
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predetermined USD 9.22 billion (EUR 6.7 billion) maximum
support level was reached, and offered current operators the
option to extend financial support for existing projects for an
additional seven years, but at a reduced rate.>® The Netherlands
revised technology support categories for the existing FIP support
scheme and, separately, suspended support for new solar PV
projects after the budget cap was reached in August 2013.3

Elsewhere in Europe, new steps were taken to weaken or remove
feed-in policies. The Czech Republic passed legislation to remove
FIT support for all renewable technologies as of January 2014;
Greece enacted FIT cuts to be enforced retroactively as of June
2013, with an additional round of retroactive cuts proposed in
early 2014; and Lithuania reduced FIT rates significantly in early
2013.32 Portugal abolished the FIT system for new projects.®? In
addition, the scheme for existing wind facilities was revised such
that operators can choose to provide an annual contribution—
USD 6,900—-8,000/MW (EUR 5,000—5,800/MW) over the period
2013-2020—in exchange for an extension of FIT terms from five
to seven years. In late 2013, Portugal also reduced its 2014 rates
for existing small-scale solar PV by an additional 60%.3*

Slovakia halved preferential support for renewables, reducing
the cap under its FIT from 10 MW to only 5 MW of grid-connected
capacity; however, the full incentive remains available for wind
power.®®> Spain removed support for existing capacity that
qualified for the FIT prior to the moratorium on new projects,
which was set in 2012; the country replaced FIT payments with
market prices backed by a guaranteed pre-tax return of 7.5%.3¢
Ukraine required that, in order to qualify under the feed-in policy,
projects use technologies with a domestically sourced share of
30% as of January 2013, and 50% as of January 2014.%”

China amended its existing solar PV FIT to allow for three
regionally differentiated support schemes with reduced rates for
ground-mounted solar PV projects in solar-rich regions.3® Japan
reduced solar PV FIT rates by 10% in 2013, and by an additional
11% in early 2014.%° As of early 2013, the degression rate for
Malaysia's FIT was set to 8% for plants smaller than 24 kW, and
to 20% for larger plants.#°

A few countries with feed-in policies increased their tariffs and
extended support during 2013. Denmark introduced a higher
FIP tariff for small-scale solar PV and raised the revised wind
tariffs from USD 0.04 / kWh (EUR 0.03 / kWh) to rates capped at
USD 0.11 / kWh (EUR 0.08 / kWh).%* France raised FIT rates for
rooftop solar PV systems by 5%, and enacted a 10% FIT bonus
for systems manufactured in Europe. Despite an initial ruling by
the European Court of Justice that France’s wind FIT constituted
unlawful state aid, the European Commission upheld its
legality.* Ireland introduced FITs to support the development of
30 MW of ocean energy capacity.®® In the U.K., the 5 MW project
capacity cap was doubled in order to extend FIT support to
community projects of up to 10 MW in size.**

In Asia, China adopted a new incentive that provides distributed
solar PV projects with an additional USD 0.07 / kWh (CNY
0.42 / kWh).* Indonesia expanded its FIT scheme to include
support for solar PV projects that meet a 40% local content
requirement.*¢ Japan raised FIT rates for offshore wind by 63%.4
Thailand introduced a new FIT category to support distributed
solar generation, with the goal of installing 200 MW of rooftop
solar PV in 2013; extended the contract term for FIT support
from 10 to 25 years; and defined a three-tiered FIT rate system
(based on building size and classification) to support residential
and commercial solar PV installations.*®

Figure 29. Share of Countries with Renewable Energy Policies by Income Group, 2004—Early 2014
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Countries according to annual GNI per capita levels, per World Bank, 2014.

i - All exchange rates in this section and elsewhere in the GSR are as of 31 December 2013, and are calculated using the OANDA currency converter

(http://www.oanda.com/currency/converter/).
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Figure 30. Developing and Emerging Countries with Renewable Energy Policies, 2004, 2009, and Early 2014

Developing and emerging countries with
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no policy or no data

Elsewhere, Algeriaextended FIT support forsolarand wind power
technologies by introducing a two-tiered payment structure
offering fixed-rate tariffs for 5 years and an adjusted rate for the
following 15 years; South Africa introduced new time-of-day
differentiated tariffs to spur the development of CSP.4° Uganda
revised its existing FIT programme to offer additional incentives,
access to long-term commercial financing, and security to
project developers, and also reinstated solar PV as a qualifying
technology for 2014.5° In Turkey, applications opened for solar
PV and CSP (600 MW) for the first time under the FIT scheme
that was enacted in 2011.%

A number of feed-in policy changes were made at the sub-
national level in 2013 and early 2014 in Australia, Canada,
India, and the United States. South Australia amended its FIT to
reduce rates for existing projects and eliminated support for new
projects as of October 2013.52 Over the course of four days in
2013, Western Australia enacted and then reversed a decision to
halve FIT rates for residential solar PV systems, while Australia’s
Northern Territory cancelled its FIT as of January 2013, with
support now coming from renewable energy credits.>?

Nova Scotia, Canada, added FIT rates for tidal arrays to its
existing programme. Ontario revised its FIT in response to an
internal review and to the World Trade Organization (WTO)
ruling on the province’s domestic content requirement: the
requirement was reduced to a local content share of 19-28%
(depending on technology) in mid-2013, and then removed
entirely in December.>* While Ontario maintained existing rates
for wind power, it increased rates for hydropower, bioenergy,
and biogas, and reduced them for solar PV (down as much as
39%) and landfill gas (down 31%).>> For all renewable energy
projects larger than 500 kW, Ontario replaced FIT support with a
competitive bidding scheme.%®

In India, the Gujarat Electricity Regulatory Commission retained
its FIT despite the state government’s pressure to reduce rates.®”
In the United States, no new FITs were added for the second

consecutive year (although legislation was introduced to establish
a statewide FIT in Maine), keeping the number of states with FITs
at five. Rhode Island amended its existing FIT to require that small-
scale (50 kW to 1.5 MW, depending on the technology) distributed
generation projects submit competitive bids to determine the rate
of financial support, as is required for large-scale projects.>®

RPS laws or “quotas” mandating the use of specific shares or
quantities of renewable power are in place in 25 countries at
the national level and 54 states/provinces in the United States,
Canada, and India. No new countries, states, or provinces
adopted RPS laws in 2013, but several states and provinces
enacted revisions.

In the United States, although the number of states with RPS
policies remained at 29 by year’s end, RPS policies came under
increasing political pressure during 2013.% There were efforts
to weaken or eliminate existing laws in many states, and reviews
were undertaken in 16 states.®® In response to these reviews,
several states introduced changes that were both positive and
negative for renewables. California revised its regulations to allow
its Public Utilities Commission to raise the RPS requirement
without legislation, but as of early 2014, the RPS goal remained
at 33%.%* Minnesota revised its RPS policy to include a 1.5% solar
PV requirement for utilities.®> Colorado doubled its renewable
requirement for co-operative utilities and created a distributed
renewable generation requirement, although the revised
legislation also expanded the list of eligible technologies to include
coal-mine methane, synthetic gas, and fuel cells.5

The Energy Act adopted in the U.K. in 2013 established a
number of new provisions, including the 2017 phaseout of the
Renewables Obligation for new participants.®* Tamil Nadu, India,
overturned its requirement for solar power to meet 3—6% of
industrial electricity demand.®®

New net metering policies were adopted in 5 countries at the
nationallevelin2013, bringingthe totalto43 countries. In Europe,
Greece enacted a net metering programme for small-scale solar
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SIDEBAR 7. INNOVATING ENERGY SYSTEMS: TRANSFORMATION OF THE ELECTRIC UTILITY INDUSTRY

The rise of a variety of “disruptive” energy technologies (new
products or markets that replace existing ones, such as
distributed solar PV and wind power) as well as of demand-side
efficiency measures is challenging the traditional business
model of electric utilities in many liberalised electricity markets.
Shifting and disappearing power loads and changing relative
costs of various generating technologies undermine the
economic viability of some existing generating assets, which
may become stranded in a changing market.

Competition from new technologies can be disruptive in any
industry and is not problematic in itself. Distributed generation,
for example, can help reduce the load on the transmission and
distribution network during peak demand periods, minimizing
both the investment needed in these systems and the potential
for outages (in turn reducing associated costs to the distribution
utility). Moreover, many utilities faced challenges even before
the rapid growth of wind and solar power, due to overinvestment
in fossil generating capacity, declining natural gas prices in some
countries, sluggish electricity demand growth, and a further
slowdown in demand caused by the financial crisis. Europe’s top
20 utilities, for example, have lost more than half of their value
since their peak in 2008. Solar and wind power have simply
added to the disruption.

Rising shares of wind and solar power have reduced electricity
prices and the number of kilowatt-hours needed from thermal
generation, particularly at times of peak mid-day demand (in
the case of PV) when many utilities profit the most from higher
market prices. Some wholesale markets have seen significant
reductions in power prices (even negative pricing) during
periods of high generation and low demand, which has squeezed
out of the merit order (relatively) clean and flexible natural gas as
well as coal/lignite. In response, many large utilities in Australia,
Europe, the United States, and elsewhere are pushing back
against renewables, claiming that they are increasing electricity
costs and arguing for an end to policy support for renewable
power.

PV and small-scale wind plants; Latvia enacted a net metering
policy that entered into force on 1 January 2014; and Ukraine
launched a net metering programme that requires utilities,
as of 1 January 2014, to connect residential solar PV systems
to the grid within five days of project completion and the filing
of an interconnection request.®® In Central America, Honduras
approved net metering for systems smaller than 250 kW.%”
Additionally, the Philippines adopted new interconnection
standards, bringing into effect the net metering policy that was
legally established in 2008.68

Only two countries revised net metering policies at the national
level in 2013: Denmark restricted the availability of payments for
self-generation by moving from yearly to hourly net metering and
setting an eligibility cap of 20 MW worth of solar PV systems, and
the Netherlands removed its 5,000 kW incentive cap, thereby
increasing the amount of electricity generation that is eligible to
receive support under its net metering scheme.®°

The dramatic decline in solar PV module prices, in particular,
has furthered a shift from conventional electricity models—with
a one-way flow of electricity (supply-demand model)—towards
a bidirectional model in which power consumers can also
become producers. By 2013, more than 3 million EU households
produced their own electricity using solar PV, and, by early 2014,
16% of Germany’s businesses were electricity self-sufficient, up
50% from a year earlier.

The rapid loss of revenue from ratepayers raises questions
such as who will pay for the system reliability and reserve power
that utilities have always provided? Who will invest in needed
infrastructure improvements? And what share of ancillary
services can renewable energy provide? Some say that a new
utility business model is needed, and many utilities agree. A
recent global survey of utility executives showed expectations of
the need to change business models to survive, with the highest
anticipation of transformation in Asia. German utility giant EnBW
went so far as to declare that its conventional business model
could “no longer work.”

Some utilities are responding by increasing their investment
in renewables. Whereas a decade ago, utilities in Europe
accounted for less than 10% of investment in large-scale
renewable energy projects, they now make up more than half of
the pipeline of future projects. Coal India has begun developing
solar PV projects across India. Other utilities are shifting away
from traditional centralised power generation and moving into
“downstream” activities, or joining forces with renewable energy
interests. Some utilities in the United States are creating new
business models to profit from solar power: for example, Duke
Energy and Edison International have invested in a firm that is
financing solar projects, and PSE&G of New Jersey is making
loans to solar PV customers.

Increasingly, stakeholders contend that the business of meeting
energy needs is moving away from a volume-based supply
model, underpinned by asset ownership, to a service-based

At the state level, there were a number of developments in
2013 and early 2014, with four Indian states—Andhra Pradesh,
Kerala, Gujarat, and Uttarakhand—all starting net metering
programmes for rooftop solar PV systems.”® Uttarakhand
introduced net metering for rooftop solar PV at a rate of USD
0.15/kWh (INR 9.20/kWh) for installations of 300 W—-100kW
with battery backup, and up to 500kW systems without
batteries; total installations are limited to 5 MW.”! Tamil Nadu set
a cap on its existing net metering scheme for solar PV systems,
limiting it to 90% of a consumer’s electricity consumption.”?

Inthe United States, net metering policies remained in 43 states,
Washington, D.C., and 4 territories. While no new policies were
added in 2013, four states revised existing laws. California
extended net metering (it was scheduled to be suspended in
2014), provided clarity on how to calculate the 5% capacity cap,
and laid the foundation for the development of a new uncapped
net metering scheme.”? New York tripled its solar PV capacity
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model that builds on existing customer relationships, finds
new ways to meet people’s needs, and captures the values
associated with renewable energy and distributed generation.
Instead of earning revenue for the energy consumed (USD
per MWh), revenues would be based on the energy services
provided, demand charges, and/or capacity-based pricing (USD
per MW)." In Germany, both RWE and EnBW plan to adopt a
business model that accommodates distributed self-generation,
with EnBW planning to divest up to 80% of its generation and
trading business by 2020. However, capacity-based pricing
can also undermine energy efficiency efforts and discourage
investments in renewables, leading some to argue in favour of
a hybrid model.

Innovation in the private sector will require an effective enabling
policy framework. In many countries, discussions are under
way about regulatory reforms needed to support this transition.
This begs the questions: What future functions should utilities
provide? Which mechanism can appropriately compensate
companies for performing those functions? Energy market
design reforms include incentivising ancillary services through
mechanisms like capacity payments and flexibility premiums,
and establishing the right price signals to address misalignments
between incentives to distributed electricity system customers,
and the cost and value to the electricity system (e.g., network
benefit payments, network tariffs that reflect the transmission
and distribution costs, and network service charges).

The United Kingdom, for example, has introduced a common
pricing methodology for electricity networks, whereby
decentralised electricity generators are offered a positive
network tariff (credit) for feeding power into local networks. The
U.S. state of California is experimenting with “on-bill financing”
of high-value energy efficiency and on-site renewable energy.
Electric utility customers select pre-qualified technologies and
service providers, while the utility loses power sales but still
profits by “lending” its money.

cap, thereby opening the programme to more consumers; and
Vermont raised the net metering cap from 4% of peak demand
to 15%.” In several other states, net metering faced significant
utility opposition. In Arizona, net metering was retained, but with
a monthly fee of USD 0.70/kW to be applied for all new solar PV
systems.”®

Public competitive bidding, or tendering, continues to gain
prominence, with the number of countries turning to public
auctions increasing from 9 in 2009 to 55 by early 2014.7¢ Central
and South American countries continue to be global leaders in
renewable energy tenders. Brazil, which has held tenders for
wind power for several years, included solar power projects for
the first time in November, with 2.7 GW of solar power qualifying
for the A-3 auction, although no contracts were awarded in that
auction. Overall, Brazil's auctions awarded 4.7 GW of new wind
capacity, 122 MW of solar PV, 700 MW of small hydropower,
and 162 MW of bio-power during 2013.77 Chile held its first CSP
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Countrieswith an “energy-only” power market, such as Germany,
plan increasingly to implement “capacity markets” that address
the need for system balancing. To integrate higher shares of
variable renewables into electricity markets, more dispatchable
capacity is also needed. Yet traditional peaking plants are being
used less—and thereby becoming less profitable—as shares of
renewable energy increase. New market designs are needed to
incentivise this reserve capacity or increase flexible generation.

Power markets should be designed to provide the proper
economic incentive for a least-cost and efficient mix of peaking,
cycling, and baseload generating units in a system that
accommodates ever-growing shares of variable renewables.
New market designs will need to balance the choice between
currently available solutions to system balancing (such as
increasing peaking capacity) and developing alternatives, such
as increasing the flexibility of new gas plants, installing diverse
types of energy storage at various scales, and pursuing demand-
side response options mediated by smart-grid solutions.

The “Innovating Energy Systems” sidebar is a regular

feature of the Global Status Report that focuses on advances
in energy systems related to renewable energy integration and
system transformation.

i - This would entail reforming the process of retailing decentralised
electricity/competitive and liberalised markets, particularly for retail
power; enacting enabling regulations for self-generation; and adopting
incentives such as time-of-use tariffs, dynamic pricing, peak pricing,
and the delivery of new energy services.

Source: See Endnote 99 for this section.

tender in 2013; Ecuador held its first auction for solar PV; Peru
allocated USD 3.6 billion for tendering of renewable energy
projects designated to come on line by 2016; and Uruguay
launched multiple solar power tenders throughout the year.”®
In Central America, El Salvador announced tendering for the
allocation of 100 MW of wind and solar PV plants.”

In Europe, France launched a USD 275 million (EUR 200 million)
tender for the construction of 80 MW of pilot ocean energy
capacity, as well as a tender of USD 4.8 billion (EUR 3.5 billion)
for 1,000 MW of offshore wind capacity.&° Also in 2013, Italy held
its second wind auction to support the development of 400 MW
of new capacity; and Norway awarded USD 3.3 billion worth of
onshore wind projects as part of a plan to triple its wind power
capacity to over 2 GW by 2020.8! Russia launched its first tenders
for renewable energy, selecting 39 projects that totalled 504 MW
of new capacity, including 399 MW of solar PV projects.®? In
addition, a USD 2.6 billion (RUB 85 billion) programme was
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approved to allocate 1.2 GW of solar PV projects through public
tenders by 2020.% The United Kingdom announced plans to
hold joint auctions for wind and solar power capacity for the first
time in 2014.84

In Africa, Egypt launched a tender for the construction of the
nation’s first solar PV plant of 200 MW, and South Africa set
dates forits third round of CSP tenders.® Kuwait held auctions to
award licences for the construction of 50 MW of CSP capacity.®®

In India, Phase 2 of the Jawaharlal Nehru National Solar Mission
was launched with a call for bids to award 750 MW of grid-
connected solar PV contracts across the country, although the
tender was delayed twice as of early 2014.8” At the sub-national
level, the state of Karnataka opened bidding for 130 MW of solar
power capacity, while Punjab awarded contracts to 29 solar
power developers for a cumulative capacity of 250 MW.#8

Othertypesofauctionsalsotook placetoadvance thedeployment
of renewable energy. The United States awarded the nation’s
first licence for offshore wind development, and subsequently
held two additional auctions for offshore licences.®

Countries continued to support the renewable energy sector
through a mix of fiscal incentives and public financing aimed
at helping to overcome the various cost barriers that challenge
renewable energy deployment, including high upfront costs
for renewables, continued high subsidies for fossil and nuclear
energy, and failure to internalise environmental and social costs
of energy production and use. A number of incentives were
revised or introduced in 2013 and early 2014. For example, India
reintroduced the Generation Based Incentive (GBI) scheme
that had expired in April 2012, with payments of USD 0.01/kWh
(50 paise/kWh), and applied it retroactively to include projects
that were commissioned during the period of lapse.®® China
introduced a 50% value-added tax (VAT) rebate for solar power
plant operators as well as tax incentives to spur the development
of hydropower, and Iran established a fund to support renewable
electricity projects.

In Europe, Denmark launched a new grant scheme that provided
USD 46.1 million (DKK 250 million) in 2013, and allocated USD
92.3 million (DKK 500 million) annually from 2014 to 2020, to
promote the deployment of renewable energy technologies (as
well as district heating, co-generation, and energy efficiency)
in energy-intensive industries.®? Ireland’s Offshore Renewable
Energy Development Plan provided a combined USD 61.9 million
(EUR 45 million) for testing facilities, and R&D for ocean
energy.®® The U.K. increased the level of support for offshore
wind producers under its green certificate scheme to 0.26 USD/
kWh (0.155 GBP/kWh), although contract terms were reduced
from 20 to 15 years.*® In the United States, the state of New York
pledged USD 1 billion in new funding to solar PV projects.®®

Reductions to fiscal incentives also were seen during 2013. For
example, France removed an 11% investment tax credit for solar
PV equipment (the credit remained for solar water heaters); and
the U.S. Production Tax Credit, which was extended in January
2013, expired at year’s end for new renewable energy projects
in the United States (but the credit still applies to projects that
began construction in 2013).%

During 2013 and early 2014, taxes and fees on renewable energy
continued to be introduced retroactively in some European
countries that previously supported renewable technologies.
Bulgaria enacted a 20% tax on revenues from solar PV and wind
installations; the Czech Republic placed an open-ended tax of

10% on revenue from solar PV installations larger than 30 kW;
and Greece enacted a 10% tax on revenue from renewable
power generation, to be enforced retroactively.”” Taxes on self-
consumption are being enacted or considered as well. On top
of existing grid access restrictions and fees, Spain introduced
a tax on the self-consumption of solar PV, while Germany has
proposed a similar levy on electricity generated from rooftop
systems larger than 10 kW.%8

A number of new policies are being enacted around the
world in an effort to adapt to rapidly changing challenges
that are emerging with higher shares of variable renewable
electricity. Policies to advance system integration continue to
gain prominence. These include promotion of energy storage,
demand-side management (DMS), and regulations that aid in
the integration of renewables into national grid networks and
energy markets. New market mechanisms continued to be
introduced and refined in 2013.%° (See Sidebar 7.)

Singapore raised its cap on the total power provided by variable
resources from 350 MW to 600 MW during periods of peak
demand in 2013.1°° China introduced a mandate requiring
grid companies to purchase all solar electricity generated
within their coverage areas.!” India allocated USD 6.9 billion
(INR 430 billion) to a grid modernisation program—the Green
Energy Corridor—to enable the integration of renewable energy
sources.1%?

Policies to promote energy storage gained prominence at the
national and sub-national levels in 2013 and early 2014. Japan
introduced subsidies to cover two-thirds of the capital costs
of lithium ion batteries installed with solar PV systems.1% In
Canada, the provisions of Ontario’s Long-Term Energy Plan were
amended to include 50 MW of energy storage in the province’s
competitive procurement process.'® Puerto Rico’s energy
regulator revised its existing minimum technical requirements to
mandate the incorporation of energy storage in new renewable
energy projects, and the U.S. state of California introduced a
mandate on investor-owned utilities to begin buying 200 MW
of energy storage capacity by 2014, with a statewide goal to
acquire 1.3 GW of storage capacity by 2020.1% In addition,
Massachusetts introduced requirements on utilities to develop
plans to introduce smart meters and increase investments in
smart-grid technology over the next decade.!%®

To reduce what is often one of the largest hurdles faced by
renewable energy project developers, some countries also
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revised their permitting processes. In 2013, Chile passed
regulations to fast-track the process for renewable energy
permitting from 700 to 150 days.'” France revised a number
of wind permitting procedures; while Turkey revised electricity
licensing procedures.l®® In the United States, two separate
pieces of legislation were adopted to streamline the permitting
process for renewables, including refining regulatory oversight
procedures and raising from 5 MW to 10 MW the maximum
capacity for small-scale hydropower plant classification.!%®
In addition, the U.S. Federal Energy Regulatory Commission
(FERC) approved guidelines to allow for a “fast-track” inter-
connection process for certain renewable systems up to 5 MW
in size, eliminating the need for them to undergo extensive
interconnection studies.!®

In an effort to balance utility concerns over idle generation
capacity and inadequate transmission infrastructure, Gujarat,
India, enacted new regulations restricting independent grid
access—guaranteed in the Electricity Act of 2003 to consumers
with a demand greater than or equal to 1 MW—by removing
the ability of state distribution companies to enter into private
power purchase agreements (PPAs) with out-of-state energy
providers.!!

I HEATING AND COOLING POLICIES

Globally, heatingand coolingaccountforalmosthalf of total global
energy demand.'? Modern biomass, direct geothermal, and
solar thermal technologies together represent a major portion
of the energy produced with non-hydro renewables, and offer
vast potential for meeting the world’s residential, commercial,
and industrial heating and cooling needs. As a result, countries
continued to enact targets, policies, and incentives for the
promotion of renewable heating and cooling technologies during
2013. However, this sector still lags far behind the renewable
power sector for attention from policymakers.

The 28 EU Member States have introduced targets for specific
shares of renewable heating and cooling. In addition, several
countries in Africa, Europe, and the Middle East target the use
of solar water heating.''*3 Overall, renewable heating and cooling
targets exist in at least 41 countries worldwide (see Reference
Table R14), and at least 19 countries have heat obligations/
mandates in place at the national or state/provincial level to
promote the use of renewable heat technologies.

As in 2012, policy adoption was relatively slow in the heat
sector, but a few countries and states enacted new standards
for renewable heat in 2013 and early 2014. Albania mandated
the use of renewable heat technologies in new buildings,
requiring that certain building types be constructed with a
minimum share (to be defined by May 2014) of solar thermal
heat. In addition, solar thermal systems and components were
exempted from customs duties and VAT.}** Half a world away,
the Australian standards body introduced the world’s first solar
cooling standard in late 2013 to establish product performance
benchmarks.''® India’s Energy Conservation Building Code
was extended to two additional states in 2013, so that it now
mandates standards for renewable energy and energy efficiency
in 8 of the 28 Indian states.!'¢ (See Sidebar 8.)
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Revisions to existing regulatory policies for heating and cooling
were made by the Netherlands, which introduced technology-
differentiated FIP tariffs to support the generation of heat from
biogas, solid biomass, deep-geothermal, and solar thermal; and
by the United Kingdom, which introduced a tariff degression
mechanism to its feed-in policy for renewable heat, and began
reducing rates as of mid-2013.17

Several countries, mostly in Europe, provide fiscal incentives,
including grants and investment subsidies, to promote
investment in renewable heating and cooling technologies.
Austria doubled its subsidies for solar thermal systems to
USD 192 /kWy, (EUR140/kW,) to cover up to 30% of the
costs of installation.’’® Cyprus reinstated a solar heating and
cooling support programme, following its expiration in 2012, to
provide investment subsidies in the form of grants of up to USD
4,129/ kW, (3,000 EUR/ kW) The Czech Republic launched
its New Green Savings programme to provide grants for up to
40% of the cost of installing a solar thermal system.'?° Germany
extended incentives to a host of renewable and efficient heating
and cooling technologies—including solar thermal cooling,
industrial waste heat, cogeneration, and district heating—to
cover 25% of the investment costs for systems ranging from
5 kW to 500 kWy,.'?! ltaly’s Conto Termico incentive scheme
came into force in early 2013 to provide capital incentives to
renewable heat technologies, including biomass boilers, solar
thermal systems, and also heat pumps.’?? At the regional level,
Wallonia, Belgium, introduced grants to cover 30—-35% of the
costs of installing renewable heating systems in buildings.'??

Elsewhere, Australia provided national grants to municipal
governments for the installation of solar and heat pump systems
for water heating; India introduced a two-year rebate program
to support solar hot water and solar process heat installations;
Puerto Rico established a program to fully fund the replacement
of conventional water heaters with solar thermal for low-income
families; and Thailand extended subsidies for solar water heaters
(SWH) to 2021, and set out a plan for a gradual degression from
the current 25% subsidy.!?*

Additional forms of financial support, such as public investment,
were introduced or revised during the year. South Africa

i - The 28 EU Member States all have targets for renewable heating and cooling in their National Renewable Energy Action Plans. Additional countries include
Bhutan, China, India, Jordan, Kenya, Lebanon, Libya, Morocco, Mozambique, Sierra Leone, Swaziland, Thailand, and Uganda.
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SIDEBAR 8. THE LINKAGE BETWEEN RENEWABLE ENERGY AND ENERGY EFFICIENCY:

FOCUS ON SUSTAINABLE BUILDINGS

The critical interplay between renewable energy and energy
efficiency in achieving sustainable and inclusive growth has
been widely recognised in recent years.'It was an impetus for
the United Nations Secretary General’s Sustainable Energy for
All (SE4ALL) initiative, which resulted in important voluntary
commitments from businesses, investors, and national
governments during 2013 to advance renewables and energy
efficiency.

High energy prices and global fossil fuel subsidies—estimated
to be at least USD 544 billion in 2012—have reinforced the need
for energy efficiency improvements and renewable energy, and
have highlighted the potential for adding value by focussing on
both areas. Energy efficiency can be considered the “primary
fuel” laying the foundation for a low-carbon energy future. When
employed in concert, energy efficiency and renewables offer
significant economic benefits and a wide range of co-benefits,
including climate change mitigation, health improvements,
energy access, and job creation.

Annual relative global primary energy intensity" is trending
downwards again, after a sudden increase during 2009 and
2010. The developments in 2011-12 provide some optimism
that energy demand can be further decoupled from GDP growth.

Assuming the full implementation of policies and measures
already enacted to advance energy savings, as well as those
currently under discussion, it is estimated that primary energy
demand in 2035 could be 7% lower than under a business-as-
usual scenario. The majority of these savings would come from
efficiency gains in end-uses; industry would account for 37% of
these efficiency-related savings, followed by transport (31%) and
buildings (26%). Savings would still fall short of the full economic
potential available in 2035, however, and it is expected that the
greatest unrealised potential would be in the buildings sector.

Considering that a building’s lifetime is 50 years or more,
optimising efficiency and use of renewables as early as possible
is critical for maximising potential energy savings while avoiding
further lock-in to inefficient building stock. Integrating efficiency
and renewables into the design stage is particularly relevant for
emerging economies, where rates of urbanisation and building
construction are high; in India, for example, about 70% of the
building stock expected by 2030 has yet to be constructed.
Developed countries face a different challenge in that most of
the energy efficiency potential lies in retrofitting of the existing
building stock.

To address these challenges, more governments around the
world are focussing on the building sector. China, for example,
published new policy measures in 2013 to encourage the
adoption of green building practices. Two additional Indian
states adopted the Energy Conservation Building Code,
which integrates renewable energy and energy efficiency and
mandates the use of solar water heating in specific building
types. In Australia, around 100 local governing authorities
received grants under the Local Government Energy Efficiency
Program to install energy efficient solar and heat-pump systems
for water heating in their buildings and community facilities.

Several agency initiatives and programmes were started during
2013. For example, the Renewable Energy and Energy Efficiency
Partnership (REEEP) and the Global Buildings Performance
Network (GBPN) launched the “1 Billion m? of Positive Energy
Buildings” intervention, which aims to promote transformational
change in the building sector by shifting the concept of buildings
as energy consumers to energy producers that can meet their
own energy needs. In addition, the International Partnership for
Energy Efficiency Cooperation (IPEEC) conducted a survey on
building rating tools in order to identify how they can help reduce
energy consumption and associated greenhouse gas emissions.

Also in 2013, various national green building councils continued
to promote the adoption of voluntary green building rating
systems. For example, the U.S. Green Building Council launched
a new, more rigorous version of the LEED rating system, which
is used internationally. Bottom-up demand for green buildings
expanded as well. By year’s end, the Australian Green Star had
been awarded to over 650 projects, and more than 50% of these
were certified in the past three years. In South Africa, the green
building movement has gained ground rapidly, with 36 buildings
receiving a Green Star SA rating by mid-2013.

This sidebar on renewable energy and energy efficiency linkages
is a regular feature of the Global Status Report.

Source: See Endnote 116 for this section.

i - For more on the interplay between energy efficiency and renewable energy, see Feature section in GSR 2012.

i - The SE4ALL initiative targets, by 2030, universal access to modern energy services, a doubling of the share of renewable energy in the global energy mix,
and a doubling of the global rate of improvement in energy efficiency. By early 2014, more than 80 governments from developing countries from all regions had

joined the initiative. See http://www.se4all.org/our-vision/our-objectives/.

iii - Primary energy intensity is commonly used as a proxy for energy efficiency, even though it fails to cover the multi-dimensionality of the latter.
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announced a plan to provide fully subsidised SWH to low-income
households, and aims to award contracts through competitive
tendering for the manufacturing of 650,000 individual SWH
by 2015.1% However, simultaneously, South Africa delayed
the provision of incentives and postponed from 2014 to 2015
its target to install 1 million SWH.'?¢ The U.K. allocated USD
8.24 million (GBP 5 million) to the installation of renewable
heating technologies such as biomass boilers as well as heat
pumps in public housing; and the Flanders region of Belgium
allocated USD 9.2 million (EUR 6.7 million) to promote renewable
heat production, waste heat recovery, and the construction of
district heat networks.*?’

At least two countries adopted or revised low-interest loans to
support renewable heat. Spain approved a USD 172 million (EUR
125 million) programme to offer zero-interest loans for energy
efficiency retrofits of existing buildings, which also include the
incorporation of solar thermal.'?® Tunisia extended to 2016
its existing preferential low-interest loans for SWH, and began
providing a 30% investment credit for solar thermal process heat
systems.!??

Although supportinthe sectoris generally increasing, there were
a few instances of policy expirations and downwards revisions. A
law expiration in Chile at the end of 2013 led to the removal of tax
rebates for solar thermal systems, and India’s Ministry of New
and Renewable Energy reduced grant support for SWH.!3°

I8 TRANSPORT POLICIES

Most policies to increase the use of renewable energy in the
transport sector focus on support for the production, promotion,
or use of biofuels. During 2013, such policies continued to be
enacted or revised by a number of countries that are using a mix of
fiscal incentives and regulations. Common policies include biofuel
production subsidies, biofuel blend mandates, and tax incentives.
As of early 2014, blend mandates existed in 33 countries, with
31 national mandates and 26 additional mandates at the state/
provincial level. (See Reference Table R18.)

New blend mandates were introduced in 2013 by Ukraine, which
established an initial E5 mandate (5% ethanol blended with
gasoline) scheduled to increase to E7 by 2017; Ecuador, which
enacted a B5 mandate (5% biodiesel blended with diesel fuel)
with plans for a future (undated) increase to B10; and Panama,
whose current E5 mandate is set to be increased to E7 in 2015
and E10in 2016.%3¢

Many existing blend mandates were strengthened in 2013. India
raised its ethanol blend mandate from E5 to E10 at the end of
2013; Malaysia began extending the B5 blend mandate to more
regions with the aim of enacting it nationwide by July 2014; and
the Philippines began implementing the E10 mandate, delayed
since 2011.1% In South America, Argentina increased its blend
mandate from B7 to B10, and Brazil increased the national
ethanol blend level from E20 to E25, and began studying a
possible increase in its biofuel blend from B5 to B7.133 In Africa,
Zimbabwe raised its existing blend mandate twice, initially from
the existing E5 mandate to E10 in early 2013, and subsequently
from E10 to E15; it also set a goal of introducing E20 by early
2014.13* South Africa set a date of October 2015 to begin
implementing the E2 and B5 blend mandates first established
in 2007.13%

At the same time, biofuel support policies in Europe and the
United States continued to be challenged by concerns about the

impacts of cultivating energy crops on food production, land use,
biodiversity, and water. Net lifecycle greenhouse gas emissions
from biofuels are also under review.

In the United States, the Renewable Fuel Standard (RFS) was
reduced for the first time since it was enacted in 2005, with a
decrease in the mandated blending level from a minimum of 54
billion litres (14.4 billion gallons) of corn ethanol to 49 billion litres
(13 billion gallons).!3¢ At the state level, Florida repealed its E10
blend mandate, and Maine adopted legislation to ban ethanol
blends in the state.’®” Similar discussions are under way in the
European Parliament, where critics have questioned the use of
first-generation biofuels to meet the EU target of 10% renewable
energy—including biofuels, electricity, and hydrogen—in total
transport energy by 2020.138

The use of fiscal incentives and public financing for the biofuels
industry continued to expand during 2013. Brazil offered tax
credits and provided low-interest loans for ethanol producers
at an estimated cost of USD 480 million (BRL 970 million).'*?
Poland initiated a USD 3.3 million (EUR 2.4 million) tender to
support the production of renewable fuels, and the United States
provided USD 16.5 million in grants to advance the development
of algae-based biofuels.!® In a blow to biodiesel, China instituted
tax and trade duties on imported biodiesel in an effort to support
domestic petroleum diesel refineries. !4

Many countries continue to explore additional options for
integrating more renewable energy into the transport sector,
such as increasing the number of vehicles fuelled with
biomethane, renewable hydrogen, or electricity from renewable
sources. Electric vehicles (EVs) continue to receive policy
support from a number of countries, although this is seldom
linked directly to renewable electricity. Examples of support
schemes enacted in 2013 include China providing a subsidy of
USD 9,813 (CNY 60,000) for the purchase of an EV; Germany
pledging USD 247.8 million (EUR 180 million) for electro-
mobility demonstration projects; India introducing plans to
produce 5—6 million EVs by 2020 as part of its National Electric
Mobility Mission Plan 2020; Romania enacting a subsidy
programme to provide vouchers worth USD 3,697 (RON 12,000)
for the purchase of an EV; South Africa adopting incentives for
manufacturers to promote a domestic EV industry and, by early
2013, considering the provision of tax incentives for consumers
purchasing EVs; and the U.K. providing funding to expand the
EV charging network under its Plugged-in Places scheme.'#?
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I8 GREEN ENERGY PURCHASING AND LABELLING

New government policies to support green purchasing and
labelling continue to advance only slowly. Green energy
labelling provides consumers with the opportunity to purchase
“green” electricity as well as “green” gas, heat, and transport
fuels, by evaluating the generation source of available energy
supply options. Green power labels are employed in a number
of countries and are mostly voluntary, but some governments
mandate their use. In 2013, Austria enacted mandates to ensure
that suppliers label the energy that they provide.!#?

In addition to voluntary sales of green energy by energy
providers to private individuals and businesses, a number of
governments require that utilities and/or electricity suppliers
offer green power products. Further, governments themselves
have committed to purchasing renewable energy to meet their
own energy needs. While this is particularly common at the
local government level (see the following sub-section on City
and Local Government Policies), there are examples at the
national level. In 2013, Thailand established a USD 121 million
(THB 4 billion) fund to encourage state agencies to deploy solar
PV systems on their buildings.!** In the United States, a 2013
Executive Order requires the federal government to source
20% of its electricity from renewable technologies by 2020.14°

I CITY AND LOCAL GOVERNMENT POLICIES

Thousands of cities and towns have active policies, plans,
and targets to advance renewable energy. Policy momentum
continued in 2013 as city and local governments acted to reduce
emissions, support and create local industry, reduce energy
demand through efficiency improvements, relieve grid capacity
stress, achieve security of supply and independence from the
national grid, and become more resilient to climate change. Local
governments made increasing use of their authority to regulate;
make expenditure and procurement decisions; facilitate and
ease the financing of renewable energy projects; and influence
advocacy and information sharing. (See Reference Table R19.)
Increased co-ordination among local, state, and national
governments is opening the door for municipalities to further
accelerate the uptake of renewable energy and stimulate rapid
market transformation.'46

Local government actions often complement, and in many
cases go beyond, state and national policies. By the end of
2013, 36 Indian cities had finalised solar city master plans in
response to the National Solar Cities Programme, which will
support a total of 60 cities development as green cities.'*” In
Denmark, to help meet parallel national targets, Copenhagen
is working towards the goal of 100% renewable power, heating,
and cooling by 2035, and 100% renewable energy in all sectors
by 2050, while Frederikshavn aims for 100% renewable energy
by 2015.148 Several U.S. cities including Greensburg (Kansas),
Austin (Texas), and San Francisco (California) have implemented
sector-specific 100% renewable energy targets and policies that
go beyond state and national targets.!#

In turn, national governments often observe sub-national level
actions and consider using successful programmes as blueprints
for national policies.'*® China, for example, is experimenting with
carbon trading mechanisms on the local level before potentially
launching a nationwide scheme: five cities and two provinces
are testing cap-and-trade mechanisms to reduce pollution

and stimulate investment in low-carbon energy.!®! Local and/
or community-owned energy projects have supported a rapid
increase of renewable capacity in Europe, by mobilising private
investment and tackling the NIMBY (Not in My Back Yard)
opposition by turning it into YIMFY (Yes in My Front Yard).'®* In
turn, many national and sub-national authorities across Europe
are advancingincentives for community energy projects to reach
their targets. Scotland, for example, set a target of 500 MW for
community- and locally owned renewable capacity in 2013, and
the U.K. launched a fund to support urban community energy
projects.1>3

As cities have become increasingly important for achieving
national goals, their participation in the design and development
of “vertically integrated” state and national policies has grown.
In this way, cities are exploring how to tap into new climate
financing mechanisms for emerging economies and developing
countries, such as Nationally Appropriate Mitigation Actions
(NAMASs).’54 In South Africa, cities are engaging with the national
government to help achieve the national greenhouse gas
emissions reduction target of 34% by 2020 through the use of
renewables in buildings.!® Asia-Pacific Economic Cooperation
(APEC) has advanced its Low Carbon Model Town project using
Yujiapu (China), SamuiIsland (Thailand), and Da Nang (Vietnam)
as the first three case studies.'®® In 2013, eight “model cities”"—
in Brazil, India, South Africa, and Indonesia—began formulating
low-emissions development strategies, which includes the use
of renewables, using a common methodology developed by
ICLEI for local governments.'®”

Local governments around the world continue to establish new
climate and energy plans and targets, and to revise existing
ones. In 2013, Sydney, Australia, set the goal to achieve 100%
renewable energy for power, heating, and cooling by 2030, and
Yamanashi, Japan, targeted local generation of 100% renewable
electricity by 2050. They joined over 41 cities that have already
achieved 100% renewable energy in at least one sector or aim
to do so over the next few decades.’® London, U.K., began
developing a plan in 2013 to assess the city’s energy delivery
infrastructure, including the improvements required to enable
the feed in of surplus renewable electricity to the grid.’*® By year’s
end, cities from across Europe had submitted 734 Sustainable
Energy Action Plans under the EU Covenant of Mayors, bringing
to 3,333 the number of European local governments with action
plans, all aiming to reduce emissions by at least 20—40% by
2020 through the use of energy efficiency and renewables.16°

In the United States, more than 50 local governments—
including Washington (D.C.), Des Moines (lowa), and Santa
Barbara County (California)—released a plan to enhance
communities’ resilience to climate change through steps
that include increasing use of renewable energy and energy
efficiency in buildings and other infrastructure.'®! Also in 2013,
Asheville, North Carolina, voted unanimously to phase out the
use of coal-fired power and to move to renewable energy.'6?

Municipally controlled or -owned utilities allow local governments
and citizens to play a greater role in planning and deploying
renewable energy, and enable local governments to directly
advance targets, incentives, and policies that encourage private
or community investment in renewables. In 2013, Hamburg,
Germany, held a public referendum that determined that
the city council should re-acquire a controlling stake in the
local electric power grid, with the aim of deploying affordable
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renewable energy and avoiding high network charges.!®3 At least
190 German communities have bought back their local grids
since 2005.1% In the United States, Boulder, Colorado, formed
a municipal utility to reduce electric rates while increasing the
share of renewables, thereby joining more than 1,000 U.S.
communities with municipally owned utilities that collectively
serve 50 million U.S. customers.!6®

U.S. cities with already-established locally owned utilities
continued to adopt or revise feed-in tariffs to reach existing
renewable electricity targets and complement state-level
renewable portfolio standards. As part of its strategy to move
away from coal-fired power, Los Angeles is deploying 350 MW
of solar power capacity through a combination of a FIT and a
request for proposals that was launched in 2013.1% Palo Alto,
California, reduced its FIT programme size, but raised its tariff
for solar PV by more than 15%, and implemented a plan to supply
carbon-neutral electricity for all customers starting in 2013.1¢”
Fort Collins, Colorado, launched a solar FIT for commercial
customers.'6®

Japanese cities have started to set up community-owned
electric utilities through public-private partnerships to advance
renewables. In 2012, Shizuoka created a local electric utility that
launched renewable community power projects in 2013 through
a micro-citizens fund of around USD 200,000 (JPY 20 million)
with 204 community investors. Similarly, Odawara created a
local utility that became operational in 2013, and Fukushima
launched a fund in early 2014 to support local renewable
electricity projects.'6®

Several cities without municipal utilities work with state and
national governments to advance regulatory frameworks
to enable the procurement of bulk purchases of renewable
electricity by local residents and businesses through the
existing transmission and distribution system. Sydney, Australia,
released 15 recommendations for regulatory reform to enable
the sharing of excess renewable energy (both electricity and
thermal energy) amongst city buildings.'’? In the United States,
six states had legislated Community Choice Aggregation' (CCA)
policies by late 2013.7! Chicago adopted CCA in late 2012, and
by 2013 it had aggregated nearly 1 million energy customers
for its no nuclear/no coal contract, reducing its expected CO»
emissions by 16% that year.'’? At least four other U.S. cities
switched to CCA in 2013, and more than 30 cities initiated the
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process.'”® In India, Gandhinagar initiated a 5 MW rooftop solar
PV programme based on a state FIT, and, as of early 2014,
Bhavnagar, Mehsana, Rajkot, Surat, and Vadodara were awaiting
approval for tenders totalling 25 MW each of rooftop solar PV.174
Port Elizabeth became the first municipality in South Africa to
adopt net metering for local small-scale renewable systems.17®

Other cities are leading by example, setting targets to power
their municipal operations or deploying renewable installations
on their own buildings. In 2013, Guntur and Sriperumpudur in
India installed renewable energy systems to help meet their
targets to reduce fossil fuel consumption, and Aurangabad
established targets to do the same.'”® In the United States,
Kansas City, Missouri, signed a deal to install solar PV panels
on 80 city buildings for their own use; Yolo County, California,
generated 13.5 million kWh (152% of its electricity demand)
using on-site solar PV; and Austin, Texas, achieved its own-
use target, purchasing renewable energy credits to power city
facilities with 100% renewable electricity.'’”” Sydney is installing
the largest building-mounted solar PV system (1.25 MW) in
Australia on municipal buildings, a step that is expected to
reduce annual carbon emissions by up to 2,250 tonnes; and the
town of Palmerston North in New Zealand began constructing
a 100 kW solar PV system, the largest in the country, on its
administration building to generate 10% of its power demand.}”®
Ameland in the Netherlands launched a local smart grid that
relies on micro-CHP fuel cells; the fuel cells, which began to
come on line in late 2013, can be modulated to meet peak loads
and balance variable wind and solar generation.'”®

In the building sector, local governments and communities
continued to set low or zero-energy or -carbon emission
targets, reform building codes, and revise permitting and land-
use policies to incorporate renewable energy requirements.
Shanghai, China, is piloting green energy policies and business
models for near-zero emission buildings as part of its low-carbon
development plan.!®® In Jakarta, Indonesia, a new green building
code became mandatory in early 2013.8! Bhubaneswar,
India, amended its planning and building standards, making it
compulsory for large buildings to install rooftop solar PV.'¥2 The
city also joined Bangalore, Pune, and Hyderabad in adopting the
national rating system for green buildings in urban regulations.'#3
In the United States during 2013, Lancaster and Sebastopol in
California passed zoning ordinances requiring at least 1-1.5 kW
of solar PV to be installed on all new buildings on lots above a
specified minimum size.'® Under the European Commission's
POLIS research programme, six European cities have developed
guidelines for maximising the potential of solar energy in urban
buildings.'#*

To reduce upfront investment costs of renewable energy
systems, many cities are facilitating property owners’ access to
low-cost, long-term financing and/or using city billing systems.
Cape Town, South Africa, launched a residential solar water
heater (SWH) programme through which accredited suppliers
can partner with financial institutions to offer loans to residents
for newly installed systems.’¥¢ Ontario became the third
Canadian jurisdiction, after Yukon and Nova Scotia, to authorise
using a local improvement charge (LIC) financing tool whereby
cities offer low-interest financing to property owners for energy

i- CCAs allow a city or a consortium of towns and cities to aggregate the electricity loads of residents, businesses, and municipal facilities and to negotiate

electric supply contracts on their behalf.
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efficiency upgrades or renewable energy installations, and loans
are repaid through additional charges on property tax bills.'8”
Toronto, Ontario, approved a pilot programme in 2013 to install
renewable systems in 1,000 single-family homes and 10 multi-
residential buildings, and to finance them through LIC.1%8 Several
U.S. states have adopted the Property Assessed Clean Energy
(PACE) programme, with Texas being the newest member, and
many cities around the country were participating as of 2013.118°
Several cities around the world continued to launch programmes
in 2013 to move from electricity to solar energy for water heating
in buildings. Santa Fe, Argentina, mandated SWH systems
in all municipal childcare centres, resulting in installations
at 34 refurbished nurseries in 2013.1°° Cape Town, South
Africa, made SWHs more available to mid- to high-income
households through monthly repayment rates that are below
the cost of electricity saved through the installation. By the
end of 2013, this programme had avoided 100,000 GWh of
electricity consumption. Cape Town targets the installation of
60,000—-150,000 high-pressure SWH systems over a five-year
period.’*'To help achieve its CO, reduction targets, Halifax,
Canada, launched a programme to provide up to 1,000 “turn-
key” SWH systems per year.’®? In India, spurred on by state
incentives, at least 90 cities in 8 states had amended their
building by-laws to mandate SWH as of 2013.1%3

As local governments transform their buildings, they also seek
to use renewable energy for space and industrial heating and/
or cooling purposes. District heating and cooling are becoming
best practice for the integration of renewable energy in cities.
Many cities are advancing local district heating and cooling with
renewables in heat-only or combined heat and power (CHP)
configurations. In 2013, Sydney launched a plan to achieve
its 100% renewable energy target (for electricity, heating, and
cooling) with solar and wind power accounting for 30%; for the
remainder, the city will use co- and tri-generationii gas engines
at the building or city-block level (as is the case in Gussing,
Austria; Gothenburg, Sweden; and most Danish cities), to be
fuelled initially by natural gas but then progressively by syngas
and biogas from biomass.!%*

An increasing number of cities is transitioning towards more
sustainable transport systems by promoting the use of electric
or plug-in vehicles powered by renewable energy, or by using
biofuels in public transport systems. In 2013, Indianapolis, in the
U.S. state of Indiana, mandated that all new vehicles purchased
for its municipal fleets be EV or plug-in hybrids, and New York
City required the use of at least B5 in all 6,000 diesel-fuelled
city vehicles.!®® Bogota, Colombia, implemented a pilot project
consisting of 50 EV taxis and introduced hybrid buses as part of
its mass transportation system (200 units planned for 2014).1%
Sao Paulo launched Brazil's first battery-electric bus, and Lublin,
Poland, launched solar-powered buses in 2013.1%7 Kapiti, New
Zealand, began operating the first electric rubbish collection
truck in the southern hemisphere; Johannesburg, South Africa,
announced plans to purchase some 175 new buses to be fuelled
by biogas and biodiesel; and London, U.K., announced plans to
fuel city buses with biodiesel processed from used cooking oil.1%8
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Cities are also adopting regulations and legislation to advance
the infrastructure that will be needed to support electric-
powered transport systems. For example, Palo Alto, California,
revised its building codes in 2013 to require that all new homes
be pre-wired for EV charging, and New York City amended its
zoning and building code to mandate that all new public parking
spaces be wired for EVs.1%°

As cities seek to share and scale up best practices, highlight
their commitments to renewable energy, and account for their
achievements, local governments are increasingly prioritising
systematic measurement and reporting of climate and energy
data. By the end of 2013, the carbonn Cities Climate Registry
(cCCR) had 836 registered energy and climate commitments
in 414 cities in over 45 countries, amounting to 4,208 reported
mitigation and adaption actions (double the 2012 number).2%°
As of early 2014, ICLEI, C40, the World Resources Institute,
and the Joint Work Programme of the Cities Alliance among the
World Bank Group, UN-HABITAT, and UNEP worked together
to pilot the Global Protocol for Community-scale Greenhouse
Gas Emissions (GPC) in 35 global cities.?®* C40 announced a
new partnership with Siemens to help cities measure, plan,
and mitigate their greenhouse gas emissions, and C40 and the
Carbon Disclosure Project (CDP) announced a joint programme
to increase the number of cities that report annually on climate
actions and to standardise emissions accounting, enabling cities
to track their progress and identify effective climate and energy
actions.?%?

The year 2013 also saw the consolidation and strengthening
of city participation in the formal international climate
negotiations. The first-ever “Cities Day” was held during the
high-level segment in the UNFCCC 19th Conference of Parties
(COP19), bringing national ministers and city mayors together to
strengthen multi-level governance on climate change.?%

i - Similar to LIC, PACE financing allows property owners to borrow money from a local government to pay for renewable energy systems and/or energy efficiency
improvements. The amount borrowed is typically repaid via a special assessment on property taxes, or another locally collected tax or bill, such as a utility bill.

ii - Tri-generation (or combined cooling, heat, and power, CCHP) adds an extra service to CHP, whereby the thermal energy is converted to chilled water for
air conditioning and/or refrigeration, which further displaces electricity used for these services. Cooling can be delivered via central thermal chiller stations
combined with district cooling pipes, or via hot water pipes to decentralised thermal chillers in individual buildings.
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TABLE 3. RENEWABLE ENERGY SUPPORT POLICIES

FISCAL INCENTIVES
COUNTRY REGULATORY POLICIES AND PUBLIC FINANCING
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1 Spain removed FIT support for new projects in 2012. Incentives for projects that had previously qualified for FIT support continue to be revised.
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TABLE 3. RENEWABLE ENERGY SUPPORT POLICIES (continued)

FISCAL INCENTIVES
COUNTRY REGULATORY POLICIES AND PUBLIC FINANCING
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2 Ecuador’s FIT that expired in 2012 was re-launched in 2013.

3 The area of the Palestinian Territories is included in the World Bank country classification as “West Bank and Gaza.”

They have been placed in the table using the 2009 “Occupied Palestinian Territory” GNI per capita provided by the United Nations (USD 1,483).
Note: Countries are organised according to annual GNI per capita levels as follows: “high” is USD 12,616 or more, “upper-middle” is USD 4,086 to USD 12,615,
“lower-middle” is USD 1,036 to USD 4,085, and “low” is USD 1,035 or less. Per capita income levels and group classifications from World Bank, 2014.
Only enacted policies are included in the table; however, for some policies shown, implementing regulations may not yet be developed or effective, leading
to lack of implementation or impacts. Policies known to be discontinued in 2013 are marked with an X; historic discontinuations have been omitted from the
table.. Many feed-in policies are limited in scope of technology. In cases where a national and sub-national policy exist within the same policy category, the
national policy is displayed.

Source: See Endnote 1 for this section.
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TABLE 3. RENEWABLE ENERGY SUPPORT POLICIES (continued)

FISCAL INCENTIVES
COUNTRY REGULATORY POLICIES AND PUBLIC FINANCING
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are based on input and statistics received
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05 DISTRIBUTED RENEWABLE ENERGY
IN DEVELOPING COUNTRIES

Accesstomodernenergyservicesisindispensable tosustainable
development. Yet as many as 1.3 billion people lack access to
electricity and more than 2.6 billion rely on traditional biomass
for cooking and heating.! (See Reference Tables R20 and R21.)
Further, an estimated 200—300 million people’ use coal in
traditional cookstoves to meet their cooking and heating needs.?
Between 2011 and 2013, the total number of people globally
without electricity access remained essentially unchanged even
as some countries made great leaps forward." Latin America
and developing Asia' advanced, while other regions fell further
behind. In India, the number of people without access rose by
17 million to 306 million, and Africa is now home to half of the
world’s population without electricity.® (See Figure 31, page 97.)

In many rural areas of developing countries, connections to
central electric grids are economically prohibitive and may take
decades to materialise, if at all. Moreover, grid connectivity
does not address the need for access to sustainable heating
and cooking options. Renewable energy systems offer an
unprecedented opportunity to accelerate the transition to
modern energy services in remote and rural areas, by increasing
access to sustainable cooking and heating devices; affordable
lighting, communications, and refrigeration; improved public
health; and energy for processing and other productive
activities. These objectives can be achieved by establishing
and strengthening institutional, financial, legal, and regulatory
support mechanisms for renewable energy deployment. In
turn, these mechanisms can help by improving access to
financing, developing the necessary infrastructure, and building
awareness about renewable energy and the challenges posed
by a lack of access to sustainable sources of energy.*

This section focuses on the wide array of viable and cost-
competitive options that can provide reliable and sustainable
energy services to displace traditional biomass, carbon-based
fuels, andfossil fuel grid-basedelectricity. Technologies available
include: renewables-based, isolated, small-scale electricity
generation systems and mini-grids—for battery charging,
communications, and water pumping—as well as renewable
energy systems for space and water heating, cooling, and
clean cooking solutions” that replace open fires and inefficient
stoves. A variety of innovative, modular, sustainable, and locally
relevant renewable energy-based solutions are available to meet
the energy needs of individuals and communities, while also
increasing energy security, lowering fuel-related costs (including
fossil fuel subsidies), up-skilling the labour force, and easing the
burden of collecting fuelwood.

Developing countries in Africa, Asia, and Latin America are
acknowledging the wide array of economic, environmental,
and health benefits that accrue from the inclusion of renewable
energy in their energy access programmes. These include
reductions in air pollution and greenhouse gas emissions,
the formation of new industries, and the creation of jobs.5 To
realise these benefits, many countries are moving away from
traditional fossil fuel-based systems and adopting decentralised
renewable-based systems to expand energy access.®

In recent years, the mini-grid sector has become one of the
most dynamic and fastest growing distributed renewable energy
sectors.” An estimated 36% of all additional capacity added by
2030 is expected to come from mini-grid systems, and another
20%fromstand-aloneoff-gridsystems. Assuch, theyareexpected
to play a major role in enabling countries to meet the objectives
setbythe United Nations Secretary General’s Sustainable Energy
for All (SE4ALL) initiative.®

One of the aims of the SE4ALL initiative is to help achieve the goal
of universal access to modern energy services by 2030. SE4ALL
has brought energy access issues to the political forefront,
while highlighting the potential for renewable energy combined
with energy efficiency improvements. More than 80 developing
countries had joined the initiative by early 2014, encompassing
about one-half of the target population; however, neither China
nor India was on board, and donor countries and agencies were
yet to make sizable financial commitments.® Although progress
has been significant in the last few years, there is still a long way
to go to reach the goal of clean energy access for all.

Distributed renewable energy markets in developing countries
vary greatly among countries and regions in their levels
of electrification, access to clean cookstoves, as well as
financing models and supporting policies. Markets are shaped
by various actors at multiple levels of operation, including:
international and regional development agencies, which support

i - Predominantly in China, Uruguay, North Korea, and several countries in Eastern Europe.

ii - In Latin America, the absolute number of people without electricity access declined from 31 million to 24 million over this period, while the population
without electricity in developing Asia declined by 60 million, per IEA, World Energy Outlook 2011 (Paris: IEA/OECD, 2011) and IEA, World Energy Outlook 2013

(Paris: IEA/OECD, 2013).

i - Developing Asia is defined by the IEA to include Afghanistan, Bangladesh, Brunei, Cambodia, China, Chinese Taipei, DPR Korea, East Timor, India,
Indonesia, Malaysia, Mongolia, Myanmar, Nepal, Pakistan, PDR Laos, Philippines, Singapore, Sri Lanka, Thailand, Vietnam, and Other Asia.

iv - As defined by the International Finance Corporation, this includes all solar portable lanterns, hand crank, and pedal power technology.
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SIDEBAR 9. DISTRIBUTED RENEWABLE ENERGY:
DEFINITION AND SCOPE

In this edition of the GSR, the former Rural Renewable
Energy section has been renamed “Distributed Renewable
Energy in Developing Countries” to describe more
accurately its scope of energy-related developments in
developing countries that are of a distributed nature.

Energy systems are considered to be distributed if (1) the
systems of production are relatively small and dispersed
(such as small-scale solar PV on rooftops), rather than
relatively large and centralised; (2) generation and
distribution occur independently from a centralised
network; or (3) both. For the purpose of this section,
“distributed energy” meets both conditions. It provides
energy services for electrification, cooking, heating, and
cooling that are generated and distributed independent
of any centralised system, in urban and rural areas of the
developing world.

Electricity systems fall into three main categories: large
centralised grid systems, mini-grids, and isolated systems.
All three may have distributed components, but only
the latter two are entirely distributed in nature. Most
people around the world, and particularly in developed
countries, are serviced by the electric grid, which is a
large-scale integrated generation, transmission, and
distribution network. Mini-grids vary in size and usually
service a cluster of households and businesses through an
independent distribution network, and most commonly in
remote areas. Isolated systems are employed in individual
homes or businesses, with all energy being consumed at
the site of generation.

Distributed electricity systems serve a variety of
objectives. In developed countries, distributed generating
assets are often used to reinforce power systems, thereby
increasing reliability. In developing countries, where
centralised grid systems fail to reach millions of people in
rural and remote locations, distributed systems are crucial
to providing access to electricity. Mini-grids offer a viable
solution in densely populated areas where, despite the
small per-household level of demand, the large number
of households and businesses provide a load sufficient
enough to justify the cost of mini-grid development.
Isolated home electricity systems are often the most
viable options for those rural households whose demand
is currently limited to a few hundred watts, primarily for
lighting and phone charging.

and fund large programmes that often cover several countries,
particularly in Africa and Asia; country-level programmes,
generally planned and implemented by national governments;
and community-level businesses and practitioners who work
with households directly and may represent the most innovative
operational level of the distributed renewable energy market.

The large diversity and number of actors in the field, the
decentralised nature of production and consumption of energy, as
well as the lack of co-ordination, make data collection and impact
assessment challenging, resulting in the absence of consolidated,
reliable data. However, data are available for many individual
programmes and countries. This section seeks to provide a
picture of the current status of distributed renewable energy
markets in rural and urban areas in developing countries, and
to present an overview of the major networks and programmes
that were operational in 2013 in the field of distributed renewable
energy. (See Reference Tables R22 and R23.)

I DISTRIBUTED RENEWABLE ENERGY
TECHNOLOGIES

People in rural and remote regions are acquiring improved
access to energy in three ways: (1) at the household level, using
isolated devices and systems for power generation, heating, and
cooking; (2) through community-level mini-grid systems; and (3)
through grid-based electrification, where the grid is extended
beyond urban areas.!® This section focuses on the first two
(distributed) means of improving energy access. (See Sidebar 9.)

The installation and use of distributed renewable energy
technologies in remote and rural areas for electricity, cooking,
heating and cooling increased during 2013. This expansion
was a direct result of improved affordability, greater access to
financing, greater knowledge about local resources, and more-
advanced technologies that can be tailored to meet customers’
specific needs.

The dramatic price reductions of the past few years have
rendered solar PV more affordable, even for very small-scale
applications. The popularity of solar lanterns, solar-pico PV
systems (SPS) (1-10 W capacity), and slightly larger solar home
systems (SHS) (10-200 W), continued to rise in 2013. SPS
can be easily self-installed and are now commonly available
for providing basic services such as lighting, communications,
and battery or mobile phone charging. The availability of end-
user appliances that can be powered by SHS continues to
expand, raising interest in these systems in rural areas. One of
the most successful SHS programmes has been carried out in
Bangladesh, where more than 2 million systems were installed
as of May 2013.1

Small-scale wind turbines (up to 50 kW) have experienced
performance improvements due to the emergence of advanced
materials and wireless technologies in recent years. During
2013, small-scale wind turbines were being used predominantly
for battery charging, telecommunications, irrigation, and water
pumping, where the variable nature of their generation can be
managed easily.'?

One of the most successful programmes promoting the
deployment of small-scale, decentralised wind turbines is in Inner
Mongolia, China. In this area around 130,000 systems, each 200—
1,000 W, were in operation as of early 2013, providing electricity
to more than 500,000 people. The programme’s success has
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been attributed to the stability of the institutional frameworks over
the last two decades.'

Micro- and pico-hydro stations as small as 1 kW are common in
many countries, providing local communities with affordable
electricity.’* Typically, such hydro systems operate reliably for
at least 20 years and require minimal maintenance (other than
keeping the intake screen free of debris). Nepal had more than
2,500 micro- and pico-hydro systems installed by the end of
2012, with a total capacity of 20 MW.15 In addition, several 1 kW
systems have been installed in southern India, mostly by private
parties and without government support.'®

To fuel engine-powered generators in a rising number of countries,
vegetable oils from coconut, jatropha, and other sources are
being used to displace diesel. In Thailand, biodiesel for electricity
generation is being produced on a small scale from used cooking
oil.” In India, Vietnam, and elsewhere, biogas produced from dry
wood, weeds, and rice husks is used increasingly to fuel engines,
driving generator sets to supply electricity to mini-grids.1

Mini-grids are becomingincreasingly prevalent around the world.™®
Their technical evolution in the last few years, including the use of
modular technology to integrate renewables, has led to a scaling
up of renewables powered mini-grids. In addition, advances
in information and communication technology applications
for power management and end-user services are improving
metering and billing, load management, and remote diagnostics.?°
As part of India’s programme to increase access to electricity, over
80 villages had operating mini-grids using gasifiers and locally
available biomass residues (including mustard stems, corn cobs,
and grasses procured from local farmers) by mid-2013.2!

The rural heating and cooling sector has progressed due to
advances in technology, as well as to the increasing popularity
of programmes educating rural populations about the benefits
of using modern biomass and solar thermal systems for clean
cooking, and water and space heating.??> The Africa Clean
Cooking Energy Solutions Initiative was established to promote
enterprise-based large-scale dissemination and adoption of
clean cooking solutions in sub-Saharan Africa. The phased
implementation of this programme beganin 2013 in consultation
with over 130 stakeholders from 26 African countries.?® To
date, however, there have been very few successful cases of
international, large-scale deployment of improved cookstoves.?*

Clean cookstove designs are tremendously diverse, and new
ones are still emerging. Some models use alternative clean
fuels, whereas other advanced stove designs rely on traditional
biomass but increase the efficiency of the combustion process,
thereby reducing the amount of fuel consumed to provide the
same amount of heat. Biomass cookstove designs that can
achieve high levels of performance include forced air and gasifier
stoves, which lower emissions significantly and reduce fuel use
by 40—60% relative to an open fire.?> Such efficient biomass
cookstoves are being sold for as little as USD 5—-25 each.?¢

These advanced cookstoves rely primarily on the use of
traditional biomass from forest fuelwood, crop residues, and
animal dung. A wide variety of other fuels are also being used for
household cooking purposes (although at a far smaller scale).
These include ethanol, biogas, wood pellets, and solar energy,
as well as non-renewable fuels such as coal, kerosene, and
liquefied petroleum gas (LPG).?”

Simple anaerobic digester technology can produce clean
biogas fuel for cooking from animal manure, crop residues,

and other organic waste feedstocks. These biogas systems
perform better in warmer climates, but they can function under
a variety of conditions, and their numbers continue to increase.
Biogas is best suited for the estimated 155 million households
and commercial farms where sufficient animal manure (and
human waste) can be collected on a daily basis.?® Widespread
acceptance and dissemination of biogas technologies have yet
to materialise in many countries, due mainly to the high capital
cost, which makes even small-scale units unaffordable for poor
households.?®

However, domestic-scale biogas installations have surged
in some countries in recent years, 