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ANNUAL REPORTING ON RENEWABLES:
TEN YEAR OF EXCELLENCE

The REN21 Renewables Global Status Report (GSR) provides an annual look at the
tremendous advances in renewable energy markets, policy frameworks and industries
globally. Each report uses formal and informal data to provide the most up-to-date
information available. Reliable, timely and regularly updated data on renewable
energy are essential as they are used for establishing baselines for decision makers;
for demonstrating the increasing role that renewables play in the energy sector;

and illustrating that the renewable energy transition is a reality.

This year's GSR marks 10 years of REN21 reporting. Over the past decade the
GSR has expanded in scope and depth with its thematic and regional coverage
and the refinement of data collection. The GSR is the product of systematic data
collection resulting in thousands of data points, the use of hundreds of documents,
and personal communication with experts from around the world. It benefits from

a multi-stakeholder community of over 500 experts.

Ten years on, the GSR has established itself as the world’s most frequently-referenced

report on the global renewable energy market, industry and policy landscape.
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FOREWORD

The Renewables 2015 Global Status Report marks the tenth report in the GSR series. Its evolution from a 35-page report to one that

currently stands at over 250 pages reflects both the breadth and depth of renewable energy development over the past decade.

Renewable energy continued to grow in 2014 in parallel with global energy consumption and falling oil prices. Despite rising energy
use, global CO, emissions associated with energy consumption remained stable over the course of the year while the global economy
grew. The landmark “decoupling” of economic and CO, growth is due in large measure to China's increased use of renewable
resources, and efforts by countries in the OECD to promote renewable energy and energy efficiency. This is particularly encouraging
in view of COP21 later this year in Paris, where countries will announce and/or confirm actions to mitigate climate change, setting

the stage for future investment in renewables and energy efficiency.

It is clear that renewables are becoming a mainstreamed energy resource. However while this year’s report clearly documents
advancements in the uptake of renewables, it also demonstrates that there remains untapped potential particularly in the heating
and cooling and transport sectors. Nevertheless with the implementation of increasingly ambitious targets and innovative policies,

renewables can continue to surpass expectations and create a clean energy future.

The Renewables Global Status Report relies on a robust, dynamic, international community of renewable energy experts. It is the
collective work of REN21’s contributors, researchers, and authors, which has helped make the GSR the most frequently referenced
report on renewable energy market, industry and policy trends. Special thanks go to the ever-growing network of over 500
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 also like to thank all those who have contributed to the successful production of
GSR 2015. These include lead author/research director Janet L. 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.

As 2014 demonstrated, the penetration and use of renewables are increasing as is the combination of renewables and energy
efficiency. However the share of renewables in the overall energy mix is still under 20%. This needs to change if access to clean,

modern renewable energy services for all to be assured by 2030.

Arthouros Zervos
Chairman of REN21



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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REN21 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 to catalyse policy change.

It does this through six product lines.

Renewables Global Status Report (GSR)

Firstreleasedin 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.

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 Map is a research tool for tracking
the development of renewable energy worldwide. It comple-
ments the perspectives and findings of REN21's Global and
Regional Status Reports by providing continually updated
market and policy information as well as providing detailed,
exportable country profiles.

Global Futures Report

Global Future Reports (GFR)

REN21 produces reports that illustrate the credible possibilities
for the future of renewables within particular thematic areas.

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 a renewable energy transition. The next REN21
Renewables Academy will take place in autumn 2016.

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 on 4—7 October 2015.

ECOWAS SADC and UNECE EAC Renewable
Global Status Report MENA Renewable Energy Renewable Energy Energy and Energy
on Local Renewable Renewable Energy and Energy Efficiency and Energy Efficiency Efficiency Status
Energy Policies Status Report Status Report Status Reports Report
2011 2012 2013 2014 2015 2016
O O ) O O N
() () \\ () () A\
ADIREC, First REN21 SAIREC, Second REN21
Abu Dhabi Renewables South Africa Renewables
International Academy, International Academy
Renewable Energy Bonn Renewable Energy
Conference Conference



10

ACKNOWLEDGEMENTS

This report was commissioned by REN21 and produced in
collaboration with a global network of research partners.
Financing was provided by the German Federal Ministry for
Economic Cooperation and Development (BMZ), the German
Federal Ministry for Economic Affairs and Energy (BMWi), and the
United Nations Industrial Development Organisation (UNIDO). A
large share of the research for this report was conducted on a
voluntary basis.

AU TAIMNABLIE

ENERGY FOR ALL

The UN Secretary-General’s initiative Sustainable Energy for All
mobilises global action to achieve universal access to modern
energy services, double the global rate of improvement in
energy efficiency, and double the share of renewable energy in
the global energy mix by 2030. REN21’s Renewables 2015 Global
Status Report contributes to this initiative by demonstrating
the role of renewables in increasing energy access. A section
on distributed renewable energy—based on input from local
experts primarily from developing countries—illustrates
how renewables are providing needed energy services and
contributing to a better quality of life through the use of modern
cooking, heating/cooling, and electricity technologies. As the
newly launched Decade for Sustainable Energy for All (2014—
2024) unfolds, REN21 will work closely with the SE4ALL initiative
towards achieving its three objectives.

RESEARCH DIRECTION AND
LEAD AUTHORSHIP

Janet L. Sawin Lead Author and Content Editor
(Sunna Research)

Freyr Sverrisson (Sunna Research)

Wilson Rickerson (Meister Consultants Group)

SECTION AUTHORS
Christine Lins (REN21 Secretariat)
Evan Musolino (Worldwatch Institute)

Ksenia Petrichenko
(Copenhagen Center on Energy Efficiency, C2E2)

Wilson Rickerson (Meister Consultants Group)
Janet L. Sawin (Sunna Research)

Kristin Seyboth (KMS Research and Consulting)
Jonathan Skeen

Benjamin Sovacool
(Danish Center for Energy Technology)

Freyr Sverrisson (Sunna Research)
Laura E. Williamson (REN21 Secretariat)

SPECIAL ADVISOR
Frank Wouters (Wouters Ltd.)

PROJECT MANAGEMENT AND
GSR COMMUNITY MANAGEMENT

Rana Adib, Coordination (REN21 Secretariat)
Hannah E. Murdock (REN21 Secretariat)

RESEARCH AND COMMUNICATION
SUPPORT (REN21 SECRETARIAT)

Martin Hullin

Ayla Reith

Alana Valero

Laura E. Williamson

EDITING, DESIGN, AND LAYOUT
Lisa Mastny, editor (Worldwatch Institute)
weeks.de Werbeagentur GmbH, design

PRODUCTION

REN21 Secretariat, Paris, France

LEAD AUTHOR EMERITUS

Eric Martinot
(Institute for Sustainable Energy Policies, ISEP)



=~

Renewable Energy
Policy Network
for the 21st Century

Note: Some individuals have contributed in more than one way to this report. To avoid listing contributors multiple times, they have
been added to the group where they provided the most information. In most cases, the lead country, regional, and topical contributors
also participated in the Global Status Report (GSR) review and validation process.

REGIONAL CO-AUTHORS (DISTRIBUTED RENEWABLE ENERGY IN DEVELOPING COUNTRIES)

Allison Archambault (Earth Spark International) Gifty Serwaa Mensah (Energy Center, Kwame Nkrumah

Manik M. Jolly (Grassroots and Rural Innovative Development University, KNUST)

PVT. LTD, GRID India) Debaijit Palit (The Energy and Resources Institute, TERI)

Francis Kemausuor (Kwame Nkrumah University of Science Fabio Rosa (Terra)

and Technology, KNUST) Fabrice Fouodji Toche (Global Village Cameroon)

Lal Marandin (Produccidn de Energia Limpia Centroamericana
de Nicaragua, PELICAN)

SIDEBAR AUTHORS

Joy S. Clancy (University of Twente / ENERGIA) Sarah Leitner

Christopher Dent (University of Leeds) Mackay Miller (National Renewable Energy Laboratory, NREL)
Zuzana Dobrotkova Michael Renner (Worldwatch Institute)

Rabia Ferroukhi (IRENA) Neil Veilleux (Meister Consultants Group)

LEAD REGIONAL CONTRIBUTORS

Latin America and Caribbean
Gonzalo Bravo (Fundacién Bariloche); Arnaldo Vieira de
Carvalho (Inter-American Development Bank, IDB)

Central and Eastern Europe
Ulrike Radosch (Austrian Energy Agency, enerCEE)

Eastern and Southern Africa

Mark Hankins, Dennis Kibira, Karin Sosis (African Solar Middle East and North Africa

Designs); Joseph Ngwawi (Southern Africa Research and
Development Centre, SARDC)

ECOWAS
Contributors to the ECOWAS Renewable Energy and Energy
Efficiency Status Report (produced by REN21)

Tarek Abdul Razek (Regional Center for Renewable Energy and
Energy Efficiency, RCREEE)

Pacific Countries
Mina Weydahl (United Nations Development Programme,
UNDP)

Sub-Saharan Africa
Detlef Loy (Loy Energy Consulting)

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. The latest edition of this authoritative annual
report tells the story of the most recent developments, signs, and signals in the financing of renewable power and fuels. It explores the
issues affecting each type of investment, technology, and type of economy. 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 March
2015 and is available for download at www.fs-unep-centre.org.



12

ACKNOWLEDGEMENTS (continued)

LEAD COUNTRY CONTRIBUTORS

Algeria
Samy Bouchaib (Renewable Energy Development Center
Algeria)

Australia
Michael Cochran (Ecco Consulting Pty Ltd.)

Bangladesh

Shahriar Ahmed Chowdhury (United International University);
Sebastian Groh (MicroEnergy International); Mahmood Malik
(Infrastructure Development Company Limited, IDCOL)

Belgium
Michel Huart (Association for the Promotion of Renewable
Energy)

Bhutan
Karma Tshering, Tandim Wangmo (Ministry of Economic Affairs,
Royal Government of Bhutan)

Bolivia
Ramiro Juan Trujillo Blanco (TRANSTECH)

Brazil

Suani T. Coelho, Maria Beatriz Monteiro (CENBIO);

Diego Oliveira Faria (Brazilian Ministry of Mines and Energy);
Camila Ramos (Clean Energy Latin America)

Bulgaria
Georgi Jetchev (Central European University)

Burkina Faso

Yonli Banséli (Ministere des Mines et de I'Energie / Direction
Générale de I'Energie); Francis Sempore

(International Institute for Water and Environmental
Engineering)

Burundi
Jean-Marie Nibizi (Services to Humanity for Integration,
Neighbourliness and Equity, SHINE)

Canada
Pierre Lundahl (Canadian Hydropower Association)

Chad
Ann Kanmegne Mbah (Association pour la Gestion Durable de
I'Environnement et le Développement)

Chile

Cristian Cortes, Andreas Héberle, Alan Pino (Fraunhofer
Institute for Solar Energy Systems Chile, ISE); Rodrigo Escobar
(Fraunhofer ISE / Pontificia Universidad Catdlica de Chile)

China

Hongmin Dong (Chinese Academy of Agricultural Sciences);
Frank Haugwitz (Asia Europe Clean Energy Solar Advisor);
Amanda Zhang Miao (Chinese Renewable Energy Industries
Association, CREIA)

Colombia
Javier E. Rodriguez (Unidad de Planeacién Minero Energética)

Costa Rica
Mauricio Solano Peralta (Trama TecnoAmbiental)

Cuba
Julio Torres Martinez (Centro de Investigaciones de la Economia
Mundial)

Ecuador
Eduardo Noboa (Instituto Nacional de Eficiencia Energéticay
Energias Renovables)

Egypt
Mohammed El-Khayat (New & Renewable Energy Authority)

Estonia

Raul Potisepp (Estonian Renewable Energy Association)
Fiji

Atul Raturi (University of the South Pacific)

France
Romain Zissler (Japan Renewable Energy Foundation, JREF)

Georgia
Murman Margvelashvili (Georgia Institute of Energy Studies)

Germany
Peter Bickel, Thomas Nieder (Zentrum flir Sonnenenergie- und
Wasserstoff-Forschung, ZSW)

Ghana
Daniel Kofi Essien (Renewable Energy Learning Partnership)

Guatemala
Maryse Labriet (Eneris Environment Energy Consultants)

Italy

Luca Benedetti, Noemi Magnanini, Estella Pancaldi,

Paolo Liberatore, Silvia Morelli (Gestore dei Servizi Energetici,
GSE); Alex Sorokin (InterEnergy); Riccardo Toxiri (Study and
Statistics Unit)

India

Naomi Bruck (Lighting Asia Program India); Anjali Garg
(International Finance Corporation, IFC); Shirish Garud (TERI);
Jyoti Gulia, Jasmeet Khurana (Bridge to India); Sadanand
Kadiyam, Rohith Krishna, Abhijeet Kumar (Great Lakes Institute
of Management); Michael Lytton (Lytton Consulting); Bikash
Kumar Sahu (Gandhi Institute for Education and Technology,
QOdisha); Pallav Purohit (International Institute for Applied
Systems Analysis, [IASA); Kartikeya Singh (Fletcher School of
Law and Diplomacy, Tufts University)

Indonesia
Nimas Puspito Pratiwi (Warung Energi)



o~
~

Renewable Energy
Policy Network
for the 21st Century

Iran
Shahriar Jalaee (Renewable Energy Organisation of Iran)

Israel
Gadi Hareli (Israeli Wind Energy Association)

Japan

Keiji Kimura, Mika Ohbayashi, Tatsuya Wakeyama (Japan
Renewable Energy Foundation, JREF); Hironao Matsubara
(ISEP)

Jamaica
Ruth Potopsingh (University of Technology Jamaica)

Jordan
Samer Zawaydeh (Association of Energy Engineers)

Kenya
Robert Pavel Oimeke (Energy Regulatory Commission)

Madagascar
Herivelo Ramialiarisoa (Ministere de I'Energie et des
Hydrocarbures)

Malaysia

Wei-nee Chen and additional staff of SEDA
(Sustainable Energy Development Authority Malaysia);
Wong Pui Wah and additional staff of MIGHT (Malaysian
Industry-Government Group for High Technology)

Mongolia
Myagmardorj Enkhmend (Mongolian Wind Energy Association)

Morocco

El Mostafa Jamea (MENA Renewables and Sustainability);
Philippe Lempp (Deutsche Gesellschaft fur Internationale
Zusammenarbeit, GIZ)

Nepal
Mukesh Ghimire (Alternative Energy Promotion Centre)

New Zealand
Molly Melhuish, lan Shearer (Domestic Energy Users’ Network)

Norway
Anund Killingtveit (Norges Teknisk-Naturvitenskapelige
Universitet)

Pakistan
Faiz Bhutta (Solar Institute); F.H. Mughal (Independent Consultant);
Irfan Yuosuf (Alternative Energy Development Board)

Peru
Gabriela Pella (Energia Sin Fronteras)

Philippines
Ferdinand Larona (GlIZ)

Poland
Oliwia Mrdz, Izabela Kielichowska (Polish Wind Energy
Association)

Portugal
Susana Serodio (Associacdo Portuguesa de Energias
Renovaveis)

Rwanda
Sam Dargan (Great Lakes Energy)

Serbia
llija Batas Bjelic (University of Belgrade)

Sierra Leone
Said Bijary (Independent Consultant)

Singapore
Ho Hiang Kwe (Energy Studies Institute)

South Africa
Maloba Tshehla (GreenCape Sector Development Agency)

South Korea
Sanghoon Lee (Korean Society for New and Renewable Energy)

Spain
Sofia Martinez (Instituto para la Diversificacion y Ahorro de la
Energia, IDAE)

Sri Lanka
Harsha Wickramasinghe (Sri Lanka Sustainable Energy
Authority)

Suriname
Roger Sallent Cuadrado (IDB)

Sudan
Hazir Farouk Abdelraheem Elhaj (World Bioenergy Association,
WBA)

Taiwan
Gloria Kuang-Jung Hsu (National Taiwan University)

Thailand
Sopitsuda Tongsopit (Energy Research Institute)

Togo

Sossouga Dosse (Amis des Etrangers au Togo)

Tunisia

Khadija Dorra Esseghairi (Arab Platform for Renewable Energy
and Energy Efficiency)

Ukraine
Andriy Konechenkov (Ukrainian Wind Energy Association)

Uruguay
Staff (Ministry of Industry, Energy and Mining)

Venezuela
Oguier Garavitto (Universidad del Zulia); German Massabié
(Independent Scholar)

13



14

ACKNOWLEDGEMENTS (continued)

LEAD TOPICAL CONTRIBUTORS

Bioenergy

Sribas Bhattacharya (Indian Institute of Social Welfare and
Business Management); Adam Brown (IEA); Helena Chum
(NREL); Heinz Kopetz, Bharadwaj Kummamuru (WBA); Lizzy
Igbine (Nigerian Women Agro Allied Farmers Association);
Patrick Lamers (Idaho National Laboratory); Agata Przadka
(European Biogas Association); Meghan Sapp (Partners for
Euro-African Green Energy, PANGEA); Ralph Sims (Massey
University); Anne Velentuf (CES Energy)

Climate Policy and Renewable Energy

Jan Burck (Germanwatch); Héléne Connor (HELIO
International); Robert Dixon (Global Environment Facility);
David Fullbrook (Det Norske Veritas, Germanischer Lloyd);
Kirsty Hamilton (Chatham House); Craig Hooper (NextNavy.
com); Silvia Kreibiehl (Frankfurt School — UNEP Centre for
Climate & Sustainable Energy Finance); Ugan Manandhar
(World Wildlife Fund, WWF); Axel Michaelowa (Perspectives);
Anne Olhoff (United Nations Environment Programme, UNEP,
and Technical University of Denmark Partnership); Sandeep
Chamling Rai (WWF International); Youba Sokona (Future
Earth); Sven Teske (Greenpeace International); Laura Tierney
(Business Council for Sustainable Energy)

Concentrating Solar Thermal Power
Elisa Prieto Casafia, Frederick Morse, Francisco Javier Martinez
Villar (Abengoa Solar); Eduardo Garcia Iglesias (Protermosolar)

Distributed Renewable Energy in Developing Countries
Emmanuel Ackom (UNEP and Technical University of Denmark
Partnership); Fabiani Appavou (Ministry of Environment,
Sustainable Development, Disaster and Beach Management,
Mauritius); Maud Bernisson (Groupe Energies Renouvelables,
Environnement et Solidarités, GERES); Johanna Diecker,

Koen Peters, Tsvetelina Zaharieva (Global Off-Grid Lighting
Association, GOGLA); Thomas Duveau (Mobisol); Julio Eisman
(Fundacion ACCIONA Microenergia); Yasemin Erboy (UNF);
Kamel Esseghairi (Arab Platform for Renewable Energy

and Energy Efficiency); Hazel Henderson (Ethical Markets);
Michael Hofmann (IDB); Alex Kornich (MP Lighting); Angela
Mastronardi, Stefan Nowak (Nowak Energy and Technology

/ Renewable Energy and Energy Efficiency Promotion in
International Cooperation, REPIC); Ling Ng (ARE); Martin
Niemetz (Sustainable Energy for All, SE4ALL); Caroline Nijland,
Christopher Service (Foundation Rural Energy Services, FRES);
Tim Raabe (GIZ); Thomas Samuel (Sunna Design); Chen Shiun
(Sarawak Energy Berhad); Carlos Sordo (Plan Espafia); Damien
Vander Heyden (SNV Netherlands Development Organisation);
Suadi Wahab (Sabah Electricity Sdn Bhd)

Energy Efficiency

Vijay Deshpande, Timothy Farrell, Jacob Ipsen Hansen,
Aristeidis Tsakiris (Copenhagen Centre on Energy Efficiency,
C2E2); Ailin Huang, Benoit Lebot, Jeremy Sung (International
Partnership for Energy Efficiency Cooperation, IPEEC)

Geothermal Energy

Ruggero Bertani (Enel Green Power); Phillippe Dumas,
Burkhard Sanner (European Geothermal Energy Council); Luis
C.A. Gutiérrez-Negrin (International Geothermal Association
and Mexican Geothermal Association); Benjamin Matek
(Geothermal Energy Association)

Green Power Purchasing
Jenny Heeter, Chang Liu (NREL); JoB Bracker (Oko Institut)

Heat Pumps
Thomas Nowak, Pascal Westring (European Heat Pump
Association)

Heating and Cooling

Veit Burger (Oko Institut); Krysztof Laskowski, Alessandro
Provaggi (Euroheat and Power); Volker Kienzlen (Climate
Protection and Energy Agency); William Strauss (Future
Metrics); Gerhard Stryi-Hipp (Fraunhofer ISE); Werner Weiss
(AEE — Institute for Sustainable Technologies, AEE INTEC);
Klaus Veslov (Oestkraft)

Hydropower / Ocean Energy

Tracy Lane, Mathis Rogner, Richard Taylor (International
Hydropower Association, IHA); Pilar Ocon (Hydro Equipment
Association)

Investment

Christine Grining (Frankfurt School — UNEP Centre for Climate
& Sustainable Energy Finance); Angus McCrone (Bloomberg
New Energy Finance, BNEF)

Jobs
Arslan Khalid, Alvaro Lépez-Pefia Fernandez (IRENA)

Policy

Joan Fitzgerald (Northeastern University); Ellis Juan (IDB);
David Jacobs (International Energy Transition); Keshav Jha,
Nikhil Kolsepatil, Tejas Shinde (ICLEI South Asia); Anna
Leidreiter (World Future Council); Maryke van Staden (ICLEI);
Qiaogiao Xu (ICLEI East Asia)

Renewable Energy Costs
Michael Taylor (IRENA)

Solar General
David Renné (International Solar Energy Society, ISES)



o~
~

Renewable Energy
Policy Network
for the 21st Century

Solar PV

Denis Lenardic (PVresources.com); Gaétan Masson (IEA—
Photovoltaic Power Systems Programme / Becquerel Institute);
Sinead Orlandi (Becquerel Institute); Manoél Rekinger
(European Photovoltaic Industry Association, EPIA); GTM
Research, PV Pulse

Solar Thermal Heating and Cooling

Jan-Olof Dalenbé&ck (Chalmers University of Technology); Pedro
Dias (European Solar Thermal Industry Federation, ESTIF);
Bérbel Epp (Solrico); Uli Jakob (Green Chiller Verband fur
Sorptionskalte e.V.); Franz Mauthner (AEE INTEC)

REVIEWERS AND OTHER CONTRIBUTORS

Transport
Heather Allen (Partnership on Sustainable Low Carbon
Transport, SLoCaT); Mathias Merforth, Armin Wagner (GlZ)

Wind Power

Giorgio Corbetta (European Wind Energy Association, EWEA);
Shi Pengfei (Chinese Wind Energy Association, CWEA); Jean-
Daniel Pitteloud (WWEA); Steve Sawyer, Shruti Shukla (Global
Wind Energy Council, GWEC); Aris Karcanias, Feng Zhao (FTI
Consulting)

Yasmina Abdellilah (IEA); Kathleen Araujo (Stony Brook
University); Mohammad Bastaki (Ministry of Foreign Affairs,
United Arab Emirates); Peter Baum (European Bank for
Reconstruction and Development, EBRD); Juliana Baumgartl
(Smart Hydro Power); Morgan Bazilian (World Bank); Alex
Beckitt (Hydro Tasmania); Peter Bossard (International Rivers);
Emmanuel Branche (EDF Energies Nouvelles); Christian
Breyer (Lappeenranta University of Technology); Roman Buss
(Renewables Academy AG); Catherina Cader (Reiner Lemoine
Insitute); Sandra Chavez (IRENA); Bram Claeys (Massachusetts
Department of Energy Resources); Tabaré A. Currds (WWF
International); Jens Drillisch (Kreditanstalt fir Wiederaufbau,
KfW); Elena Dufour (ESTELA); Michael Eckhart (Citigroup,
Inc.); Sheikh Adil Edrisi (Banaras Hindu University); Kerstin
Fahrmann (German Ministry for Economic Cooperation and
Development, BMZ); David Ferrari (Sustainability Victoria);
Abdelghani El Gharras (Observatoire Méditerranéen de
I'Energie, OME); William Gillett (European Academies

Science Advisory Council); Lauren Glickman (WindyGlick
Communications); Matthias Goldman (Entrepreneurship &
Sustainability); Renata Grisoli (UNDP); Stefan Gsanger (WWEA);
Ken Guthrie (Sustainable Energy Transformation / IEA — Solar
Heating and Cooling Programme); Diala Hawila, Troy Hodges
(IRENA); Carlo Hemlink (Ecofys); Rainer Hinrichs-Rahlwes
(European Renewable Energies Federation, EREF); Andrew
Ho (EWEA); Troy Hodges (IRENA); Andrei llas (IRENA); Julie
Ipe (Global Alliance for Clean Cookstoves, GACC); Alexander
Kauer (BMZ); Ghislaine Kieffer (IRENA); Wim Jonker Klunne
(Energy and Environment Partnership); Erneszt Kovacs
(European Banking Authority); Arun Kumar (Indian Institute of
Technology Roorkee); Stephen Lacey (Greentech Media); Chad
Laurent (Meister Consultants Group); David Lecoque (ARE);

Maged Mahmoud (Regional Center for Renewable Energy and
Energy Efficiency, RCREEE); Johannes Mayer (Fraunhofer ISE);
Federico Mazza (Climate Policy Initiative); Ariola Mbistrova
(EWEA); Luana Alves de Melo (Ministry of External Relations
Brazil); Emanuela Menichetti (OME); Jose-Antonio Monteiro
(World Trade Organization); Daniel Mugnier (TECSOL SA);
Divyam Nagpal (IRENA); Ingrid Nystrom (The F3 Centre);
Giovanni Pabdn (Ministry of Environment, Colombia); Binu
Parthan (Sustainable Energy Associates); Jesper Peckert
Pederkryson (Danish Energy Agency); Karl Peet (SLoCaT);
Hugo Lucas Porta (Factor CO2); Magdolna Prantner (Wuppertal
Institute); Harald Proidl (Energie Control); Liming Qiao (GWEC);
Robert Rapier (Merica International); Jorn Rauhut (German
Federal Ministry for Economic Affairs and Energy, BMWi);
Andrew Reicher (Global Village Energy Partnership, GVEP);
Heather Rosmarin (InterAmerican Clean Energy Institute);
Rosalinda Sanquiche (Ethical Markets Media); Stefan Schurig
(World Future Council); Ghasaq Yousif Shaheen (United

Arab Emirates Ministry of Foreign Affairs, Energy & Climate
Change Directorate); Ruth Shortall (University of Iceland);
Janak Shrestha (United Nations Climate Change Secretariat);
Fuad Siala (OPEC Fund for International Development); Emilio
Soberon (WWF Mexico); Monika Spoérk-Dur (AEE-INTEC); Lucy
Stevens (Practical Action); Paul Suding (G12); John Tkacik
(Renewable Energy and Energy Efficiency Partnership, REEEP);
Jakob Thomae (2 Degrees Investing); loannis Tsipouridis
(R.E.D. Pro Consultants); Nico Tyabji (BNEF); Drona Upadhyay
(IT Power); Robert Van der Plas (Marge); Rene Vossenaar
(International Centre for Trade and Sustainable Development);
Michael Waldron (IEA); Gunnar Wegner (GIZ); Marcus
Wiemann (ARE); Philip Wittrock (G1Z); Glen Wright (Institute for
Sustainable Development and International Relations)

15



‘-n.,‘_“ \ ; / '.-

--I" 1 I. ;
3 . Tl

r/' . :
TXA

& e

. -

BIONICS means learning from nature to inspire technology development.
Biomimetics or biomimicry is the imitation of the models, systems, and
elements of nature for the purpose of solving complex human problems.
Access to sustainable energy is one of the greatest challenges facing the
world. Nature can inspire innovative solutions for future energy systems
and technology design. Some renewable energy technologies already
imitate processes found in nature; however, more can be learned to help us
successfully address our future energy needs.
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EXECUTIVE SUMMARY

Renewable energy continued to grow in 2014 against the
backdrop of increasing global energy consumption, particularly
in developing countries, and a dramatic decline in oil prices
during the second half of the year. Despite rising energy use,
for the first time in four decades, global carbon emissions
associated with energy consumption remained stable in 2014
while the global economy grew; this stabilisation has been
attributed to increased penetration of renewable energy and to
improvements in energy efficiency.

Globally, there is growing awareness that increased
deployment of renewable energy (and energy efficiency) is
critical for addressing climate change, creating new economic
opportunities, and providing energy access to the billions of
people still living without modern energy services. Although
discussion is limited to date, renewables also are an important
element of climate change adaptation, improving the resilience
of existing energy systems and ensuring delivery of energy
services under changing climatic conditions.

Renewable energy provided an estimated 19.1% of global
final energy consumption in 2013, and growth in capacity and
generation continued to expand in 2014. Heating capacity grew
at a steady pace, and the production of biofuels for transport
increased for the second consecutive year, following a slowdown
in 2011-2012. The most rapid growth, and the largest increase
in capacity, occurred in the power sector, led by wind, solar PV,
and hydropower.

Growth has been driven by several factors, including renewable
energy support policies and the increasing cost-competiveness
of energy from renewable sources. In many countries,
renewables are broadly competitive with conventional energy
sources. At the same time, growth continues to be tempered
by subsidies to fossil fuels and nuclear power, particularly in
developing countries.

Although Europe remained an important market and a centre
for innovation, activity continued to shift towards other
regions. China again led the world in new renewable power
capacity installations in 2014, and Brazil, India, and South
Africa accounted for a large share of the capacity added in
their respective regions. An increasing number of developing
countries across Asia, Africa, and Latin America became
important manufacturers and installers of renewable energy
technologies.

In parallel with growth in renewable energy markets, 2014 saw
significant advances in the development and deployment of
energy storage systems across all sectors. The year also saw
the increasing electrification of transportation and heating
applications, highlighting the potential for further overlap among
these sectors in the future.

Power: more renewables capacity added than coal and gas
combined

Renewables represented approximately 58.5% of net additions
to global power capacity in 2014, with significant growth in all
regions. Wind, solar PV, and hydro power dominated the mar-
ket. By year’s end, renewables comprised an estimated 27.7%
of the world’s power generating capacity, enough to supply an
estimated 22.8% of global electricity.

Variable renewables are achieving high levels of penetration in
several countries. In response, policymakers in some jurisdic-
tions are requiring utilities to update their business models and
grid infrastructure. Australia, Europe, Japan, and North America
have seen significant growth in numbers of residential “pro-
sumers”—electricity customers who produce their own power.
Major corporations and institutions around the world made sub-
stantial commitments in 2014 to purchase renewable electricity
or to invest in their own renewable generating capacity.

Heating and Cooling: slow growth but vast potential—key for
the energy transition

About half of total world final energy consumption in 2014 went
to providing heat for buildings and industry, with modern re-
newables (mostly biomass) generating approximately 8% of this
share. Renewable energy also was used for cooling, a small but
rapidly growing sector. The year saw further integration of re-
newables into district heating and cooling systems, particularly
in Europe; the use of district systems to absorb heat generated
by renewable electricity when supply exceeds demand; and the
use of hybrid systems to serve different heat applications. De-
spite such innovations and renewables’ vast potential in this sec-
tor, growth has been constrained by several factors, including a
relative lack of policy support.

Transport: driven by biofuels, with e-mobility growing rapidly

In the transport sector, the primary focus of policies, markets,
and industries has been on liquid biofuels. The share of renew-
ables in transportation remains small, with liquid biofuels repre-
senting the vast majority. Advances in new markets and in ap-
plications for biofuels—such as commercial flights being fuelled
by aviation biofuel—continued in 2014. Relatively small but in-
creasing quantities of gaseous biofuels, including biomethane,
also are being used to fuel vehicles. Increased electrification of
trains, light rail, trams, and both two- and four-wheeled electric
vehicles is creating greater opportunities for the integration of
renewable energy into transport.
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AN EVOLVING POLICY LANDSCAPE

Renewable energy developmentsin 2014 continued to be shaped
largely by government policy. Renewables faced challenges in
some countries resulting from policy changes or uncertainties,
such as the imposition of new taxes on renewable generation in
Europe and the expiration of the US federal production tax credit.
However, the number of countries with renewable energy targets
and policies increased again in 2014, and several jurisdictions
made their existing targets more ambitious—including a rising
number with 100% renewable energy or electricity targets. As of
early 2015, at least 164 countries had renewable energy targets,
and an estimated 145 countries had renewable energy support
policies in place.

Policymakers continued to focus on adapting existing policies
to keep pace with rapidly changing costs and circumstances.
Recent trends include merging of components from different
policy mechanisms; a growing linkage of support between the
electricity, heat, and transport sectors; and development of
innovative mechanisms to integrate rising shares of renewables
into the energy mix.

RENEWABLE ENERGY POLICIES FOR ELECTRICITY
Combined policies to accompany structural changes

Policymakers have focused predominantly on the power sector,
a trend that has shaped the current landscape. Feed-in and
Renewable Portfolio Standards (RPS) policies remain the most
commonly used support mechanisms. Feed-in policies have
been enacted in 108 jurisdictions at the national or state/
provincial level. Egypt was the only country to add a new national
FIT, with policymakers—particularly in Europe—continuing the
recent trend of amending existing policies. RPS policies are
most popular at the state and provincial levels; they are in place
in at least 26 countries at the national level and in 72 states/
provinces. However, existing RPS policies continued to face
opposition in several US States. Tendering has been utilised
increasingly around the world; at least 60 countries had held
renewable energy tenders as of early 2015. Net metering or net
billing policies are in force in 48 countries, and some form of
financial support for renewables is in place in an estimated 126
countries.

Traditional mechanisms also are being used to increase
energy storage capacity and to modernise grid infrastructure.
In addition to traditional support mechanisms, green banks
and green bonds represent innovative options that are gaining
support from policymakers. Despite the growing prominence of
renewable energy support policies for power generation globally,
however, charges or fees on renewable energy have been
introduced in an increasing number of countries.

RENEWABLE ENERGY POLICIES FOR HEATING AND COOLING
Less-prevalent than policies for renewable power

Policies for renewable heating and cooling are slowly gaining
attention from national policymakers. An estimated 45 countries
worldwide had targets for renewable heating or cooling in place
by early 2015. Financial incentives continued to be the most
widely enacted form of policy support for renewable heating
and cooling systems, with several schemes reintroduced
and existing programmes strengthened. Other policy tools
include solar-specific renewable heat mandates, which were
in place in 11 countries at the national or state/provincial level,
and technology-neutral mandates, which were in place in an
additional 10 countries by early 2015.

RENEWABLE ENERGY TRANSPORT POLICIES
Renewable transport is on the move

The majority of transport-related policies continued to focus
on the biofuel sector and on road transport, although other
modes of transportation also are attracting attention. Policies
promoting the linkage between electric vehicles and renewable
energy have received little focus to date. As of early 2015,
biofuel blend mandates were in place in 33 countries, with 31
national mandates and 26 state/provincial mandates. A number
of countries strengthened existing blend mandates in 2014;
however, the debate over the sustainability of first-generation
biofuels continued.

CITY AND LOCAL GOVERNMENT RENEWABLE ENERGY
POLICIES
Local municipalities take the lead

Cities continued to lead the way, setting and achieving ambitious
targets and helping to drive the trends of national and regional
governments. By early 2015, several jurisdictions had 100%
renewable energy or electricity targets in place, with the vast
majority of targets at the city/local level. Many municipalities
already have achieved such targets.

To reach their goals, policymakers in cities around the world
continued a growing trend of mandating the use of renewable
power generation and renewable heat technologies through
building codes. Development of district systems has emerged
as an important measure to facilitate the scale-up of renewable
energy for heating and cooling. Public-private partnerships
are being used increasingly to advance renewable energy
deployment, and thousands of US and European municipalities
have created community power systems. Policymakers also
continued to use their purchasing authority to support local
deployment of renewable energy in all economic sectors,
including integrating biofuel and electric vehicles into
public transportation fleets and developing related support
infrastructure.
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RENEWABLE ENERGY INDICATORS 2014

START 2004* 2013 2014

INVESTMENT

New investment (annual)

in renewable power and fuels? Billzn LsD e 2 =

Renewable power capacity

(total, not including hydro) Y e e e/
Renewable power capacity
(total, including hydro) GwW 800 1578 1,712
Hydropower capacity (total)3 GW 715 1,018 1,055
[ Bio-power capacity GW <36 88 93
[ Bio-power generation TWh 227 396 433
Geothermal power capacity GW 8.9 12.1 12.8
Solar PV capacity (total) GW 2.6 138 177
Concentrating solar thermal power (total) GW 0.4 3.4 4.4
BR Wind power capacity (total) GW 48 319 370
HEAT
Solar hot water capacity (total)* GWy 86 373 406
TRANSPORT
[ Ethanol production (annual) billion litres 28.5 87.8 94
[ Biodiesel production (annual) billion litres 2.4 26.3 29.7
POLICIES
Countries with policy targets # 48 144 164
State_s/proyiljces/countries with # 34 106 108
feed-in policies
States/provinces/countries with
RPS/quota policies W i 99 98
Countries with
tendering/ public competitive bidding® # n/a 55 60
Countries with heat obligation/mandate # n/a 19 21
States/provinces/countries with # 10 63 64

biofuels mandates®

! 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 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.

3The GSR 2014 reported a global total of 1,000 GW of hydropower capacity at the end of 2013; this figure has been revised upwards. Hydropower data do not
include pumped storage capacity. For more information, see Methodological Notes, page 243.

4Solar hot water capacity data include water collectors only. The number for 2014 is a preliminary estimate.

5 Data for tendering/public competitive bidding reflect the number of countries that had held tenders at any time up to the year in question, but not necessarily
during that year.

6 Biofuel policies include policies 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).

Note: All values are rounded to whole numbers except for numbers <15, and biofuels, which are rounded to one decimal point. Policy data for 2014 include all
countries identified as of early 2015.
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TOP FIVE COUNTRIES

ANNUAL INVESTMENT / NET CAPACITY ADDITIONS / PRODUCTION IN 2014

1 2 3 4 5
Investment in renewable power and q . . )
fuels (not including hydro > 50 MW) China United States Japan United Kingdom = Germany
Investment in renewable power .
and fuels per unit GDP! Burundi Kenya Honduras Jordan Uruguay
Geothermal power capacity Kenya Turkey Indonesia Philippines Italy
Hydropower capacity China Brazil Canada Turkey India
Solar PV capacity China Japan United States United Kingdom = Germany
CSP capacity United States India - - -
EN Wind power capacity China Germany United States Brazil India
Solar water heating capacity? China Turkey Brazil India Germany
[ Biodiesel production United States Brazil Germany Indonesia Argentina
2 Fuel ethanol production United States Brazil China Canada Thailand
TOTAL CAPACITY OR GENERATION AS OF END-2014
1 2 3 4 5

Renewable power (incl. hydro) China United States Brazil Germany Canada
Renewable power (not incl. hydro) China United States Germany Spain/ Italy Japan/India
(Raemng\;\]/gtt)(l)eppzo(\)/\f ?]roctaiﬁiﬂ%ﬁgr hiijpr/?) Denmark Germany Sweden Spain Portugal
[ Biopower generation United States Germany China Brazil Japan
Geothermal power capacity United States Philippines Indonesia Mexico New Zealand
Hydropower capacity* China Brazil United States Canada Russia
Hydropower generation* China Brazil Canada United States Russia
gg&g‘??&gg?g solar thermal Spain United States India Er?]iitf;?eérab Algeria
Solar PV capacity Germany China Japan Italy United States
Solar PV capacity per capita Germany Italy Belgium Greece Czech Republic
PR Wind power capacity China United States Germany Spain India
PN Wind power capacity per capita Denmark Sweden Germany Spain Ireland

HEAT

Solar water collector capacity? China United States Germany Turkey Brazil
Solar water heating collector ’
capacity per capita® Cyprus Austria Israel Barbados Greece
Geothermal heat capacity® China Turkey Japan Iceland India
n .
Geothermal heat capacity Iceland New Zealand Hungary Turkey Japan

per capita®

! Countries considered include only those covered by Bloomberg New Energy Finance (BNEF); GDP (at purchasers' prices) and population data for 2013 and all from World
Bank. BNEF data include the following: 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 2013 and are based on capacity of water (glazed and unglazed) collectors only; including air collectors would affect the order
of capacity added, placing the United States slightly ahead of Germany rather than in sixth place, and would not affect the order of top countries for total capacity or per
capita.

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. Several other countries, including Austria, Finland, Ireland, and New Zealand, also have high per capita levels of non-hydro renewable power capacity,
with Iceland likely the leader among all countries.

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 to match peaks in demand.

5 Not including heat pumps.

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).
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MARKET AND INDUSTRY TRENDS

Markets for all renewable energy technologies advanced in
2014, with wind power and solar PV taking the lead for capacity
additions.

BIOMASS ENERGY: BIOMASS FOR HEAT, POWER,

AND TRANSPORT
Bio-heat production remained stable in 2014, increasing 1%
over 2013. Composition of bio-heat portfolios continued to vary
widely by region, ranging from large-scale production in industry
(e.g., in the United States) to vast numbers of residential-scale
bio-digesters (e.g., in China). Global bio-power production
increased approximately 9%, with China, Brazil, and Japan
leading for capacity additions, and the United States and
Germany leading for generation (despite comparatively smaller
capacity additions).

Liquid biofuel production was up 9% in 2014, reaching its highest
level to date. Although the United States and Brazil dominated
overall volume, Asia experienced particularly high production
growth rates. Policy positively influenced biofuel markets where
blending mandates increased demand, but policy uncertainty,
particularly in Europe, the United States and Australia, had
negative effects on industry. Low oil prices in the second half
of the year had some positive effects, particularly in feedstock
production, but reduced turnover for some bioenergy businesses.

Trade patterns in both solid and liquid fuels saw some shifts
in 2014, with a considerable share of North American wood
pellets flowing to Asia, reducing the domination of flows to
European markets. The share of traded biofuels destined for
Europe declined slightly, while new markets (particularly for fuel
ethanol) expanded in other regions.

GEOTHERMAL ENERGY: SLOW BUT STEADY GROWTH

About 640 megawatts (MW) of new geothermal power
generating capacity came on line, for a total approaching 12.8
gigawatts (GW), producing an estimated 74 terawatt-hours
(TWh) in 2014. The largest share of new geothermal power
capacity came on line in Kenya, underscoring the growing
emphasis on geothermal energy in East Africa. An estimated
1.1 gigawatts-thermal (GWth) of geothermal direct use (heat)
capacity was added in 2014 for a total of 20.4 GWth; output
was an estimated 263 petajoules (PJ) in 2014 (73 TWh). Over
the past five years, total power capacity has grown at an average
annual rate of 3.6%, and heat capacity at an estimated 5.9%.
The geothermal industry continues to face significant project
development risk; various efforts are under way to ameliorate
such risks in developed and developing countries.

P9y HYDROPOWER: STILL GIANT AMONG ITS PEERS

An estimated 37 GW of new hydropower capacity
was commissioned in 2014, bringing total global capacity to
approximately 1,055 GW. Generation in 2014 is estimated at
3,900 TWh. China (22 GW) installed the most capacity by far, with
significant capacity also added in Brazil, Canada, Turkey, India,
and Russia. The industry continued innovation towards ever-
more flexible, efficient, and reliable facilities. Demand for greater
efficiency and lower generating costs have contributed to ever-
larger generating units, including some 800 MW turbines. There
also is significant demand for refurbishment of existing plants
to improve the efficiency of output, as well as environmental
performance in the face of new regulatory requirements.
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Innovations also include variable speed technology for new
and refurbished pumped storage plants, which assist in further
integration of variable renewable resources.

P9 OCEAN ENERGY: TEMPERED PROGRESS BUT FULL
@4 OF PROMISE

Ocean energy capacity, mostly tidal power generation, remained
at about 530 MW in 2014. Virtually all new installations were in
some formof pilot ordemonstration projects. Two prominentwave
energy development companies faced strong headwinds. The
EU Ocean Energy Forum was launched with the aim of bringing
together stakeholders for problem solving and co-operation on
ocean energy. Technology development continued in various
test sites, with tidal and wave energy devices having advanced
the most of all ocean energy technologies to date.

SOLAR PV: RAPID SPREAD TO NEW MARKETS

Solar PV is starting to play a substantial role in electricity
generation in some countries as rapidly falling costs have made
unsubsidised solar PV-generated electricity cost-competitive
with fossil fuels in an increasing number of locations around the
world. In 2014, solar PV marked another record year for growth,
with an estimated 40 GW installed for a total global capacity of
about 177 GW.

China, Japan, and the United States accounted for the vast
majority of new capacity. Even so, the distribution of new
installations continued to broaden, with Latin America seeing
rapid growth, significant new capacity added in several African
countries, and new markets picking up in the Middle East.
Although most EU markets declined for the third consecutive
year, the region—particularly Germany—continued to lead the
world in terms of total solar PV capacity and contribution to the
electricity supply.

The solar PV industry recovery that began in 2013 continued in
2014, thanks to a strong global market. Consolidation among
manufacturers continued, although the flood of bankruptcies
seen over the past few years slowed to a trickle. To meet the
rising demand, new cell and module production facilities opened
(or were announced) around the world.

CONCENTRATING SOLAR THERMAL POWER (CSP):

DIVERSIFYING TECHNOLOGIES AND APPLICATIONS
The CSP market remains less established than most other
renewable energy markets. Nonetheless, the sector continued
its near-decade of strong growth with total capacity increasing
27% to 4.4 GW. Although parabolic trough plants continued to
represent the bulk of existing capacity, 2014 was notable for
the diversification of technologies in operation, with the world’s
largest linear Fresnel and tower plants coming on line.

Only the United States and India added CSP facilities to their
grids in 2014. However, CSP activity continued in most regions,
with South Africa and Morocco the most active markets in terms
of construction and planning. Spain remained the global leader
in existing capacity.

Stagnation of the Spanish market and an expected deceleration
of the US market after a bumper year fuelled further industry
consolidation. However, costs are declining, particularly in
the global sunbelt, a large variety of technologies are under
development, and thermal energy storage (TES) is becoming
increasingly important and remains the focus of extensive
research and development (R&D).
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SOLAR THERMAL HEATING AND COOLING:

NEW MARKETS GROWING, ESTABLISHED MARKETS

SLOWER
Deployment of solar thermal technologies continued to slow, due
largely to declining markets in Europe and China. Cumulative
capacity of water collectors reached an estimated 406 GWth
by the end of 2014 (with air collectors adding another 2 GWth),
providing approximately 341 TWh of heat annually. China again
accounted for about 80% of the world market for solar water
collectors, followed by Turkey, Brazil, India, and Germany. The
trend continued towards larger domestic water heating systems
in hotels, schools, and other large complexes. There also was
growing interest in the use of advanced collectors for district
heating systems, solar cooling, and industrial applications,
although advanced systems represent a small fraction of the
global market.

In much of Asia, parts of Africa, and Latin America, domestic
sales expanded, as did distribution channels, in response to
strong market growth in certain segments. By contrast, it was
a difficult year for the industry in Europe, where consolidation
continued. China’s industry was troubled by overcapacity due to
weak demand in 2014, but China maintained its long-term lead.

WIND POWER: THE CHEAPEST OPTION FOR NEW
POWER GENERATION
The global wind power market resumed its advance in
2014, adding a record 51 GW—the most of any renewable
technology—for a year-end total of 370 GW. An estimated 1.7
GW of grid-connected capacity was added offshore for a world
total exceeding 8.5 GW.

Wind energy is the least-cost option for new power generating
capacity in an increasing number of locations, and new markets
continued to emerge in Africa, Asia, and Latin America. Asia
remained the largest market for the seventh consecutive year,
led by China, and overtook Europe in total capacity. The United
States was the leading country for wind power generation. Wind
power met more than 20% of electricity demand in several
countries, including Denmark, Nicaragua, Portugal, and Spain.

After years of operating in the red, most turbine makers pulled
back into the black with all the top 10 companies breaking
installation records. Turbine designs for use on- and offshore
continued to evolve to improve wind’s economics in a wider
range of wind regimes and operating conditions.

INVESTMENT FLOWS

GLOBAL INVESTMENT UP IN ALL REGIONS

Global new investment in renewable power and fuels (not
including hydropower >50 MW) was up 17% over 2013, to
USD 270.2 billion. Including the unreported investments in
hydropower projects larger than 50 MW, total new investment
in renewable power and fuels reached at least USD 301 billion.
Renewables outpaced fossil fuels for the fifth year running in
terms of net investment in power capacity additions.

This first increase in three years was due in part to a boom in
solar power installations in China and Japan, as well as to record
investments in offshore wind projects in Europe. All regions of
the world experienced an increase relative to 2013. Investment
in developing countries was up 36% from the previous year to
USD 131.3 billion. Developing country investment came the
closest ever to surpassing the investment total for developed
economies, which reached USD 138.9 billion in 2014, up only
3% from 2013.

The most significant dollar increase occurred in China,
which accounted for almost two-thirds of developing country
investment in renewable power and fuels. The Netherlands and
Brazil saw the largest percentage increases. Other top countries
included the United States, Japan, the United Kingdom, and
Germany. Investment continued to spread to new markets
throughout 2014, with Chile, Indonesia, Kenya, Mexico, South
Africa, and Turkey each investing more than USD 1 billion in
renewable energy.

Solar power and wind were the leading technologies by far in
terms of dollars committed, with solar power (mostly solar PV)
accounting for more than 55% of new investment in renewable
power and fuels (not including hydro >50 MW), and wind power
taking 36.8%. Both saw significant increases over 2013: solar
power investments rose 25% to USD 149.5 billion, and wind
advanced 11% (to USD 99.5 billion). Overall, in 2014, more than
a quarter of new investment in renewable energy went to small-
scale projects (particularly solar PV).

Geothermal power investment grew by 23%, and ocean energy
(up 100%) also fared well although from a very low level. Other
renewables did less well: biofuels declined 8% to a 10-year low,
biomass and waste-to-energy dropped 10%, and small-scale
hydropower slipped 17%.

All investment types saw increases over 2013, with asset
finance of utility-scale projects accounting for the vast majority
of total investment. The year 2014 also saw the creation of two
new South-South development banks: the USD 100 billion
New Development Bank created by the five BRICS countries,
and the Asian Infrastructure Investment Bank created by 23
Asian countries. The expansion of new investment vehicles
for renewables—such as green bonds, yield companies, and
crowdfunding—have attracted new classes of capital providers
and are helping to reduce the cost of capital for financing
renewable energy projects.



DISTRIBUTED RENEWABLE ENERGY
FOR ENERGY ACCESS

PROVIDING ESSENTIAL AND PRODUCTIVE SERVICES

More than 1 billion people, or 15% of the global population,
still lack access to electricity. With a total installed capacity of
roughly 147 GW, all of Africa has less power generation capacity
than Germany. Moreover, approximately 2.9 billion people lack
access to clean forms of cooking. Distributed renewable energy
technologies are helping to improve these numbers by providing
essential and productive energy services in remote and rural
areas across the developing world. Renewable technologies
are playing a large and growing role—via individual household
systems and by powering a rapidly growing number of mini- and
micro-grids—Ilargely because renewables are cheaper and
more convenient than conventional options.

In addition to the further spread of existing, well-established
technologies (solar home systems, pico-hydro stations, solar
thermal collectors, etc.), 2014 witnessed the evolution of new
types of equipment, configurations, and applications. These
include simple and inexpensive pico-wind turbines for powering
remote telecommunications; solar-powered irrigation kits; and
digitisation of ancillary services and monitoring, which allow
for improved after-sales services and reduce costs so that
companies can reach more people.

Several factors have resulted in increased funding (public and
private) for distributed renewable energy. These include the
increased recognition that isolated cooking and electricity
systems, particularly renewable systems, are the most cost-
effective options available for providing energy services and
new economic opportunities to households and businesses in
remote areas.

As such, renewables have become vital elements of rural
electrification and clean cooking targets and policies in many
countries. Peru was one of the first countries to prepare
and implement a reverse auction for distributed renewable
energy, finalising a contract in 2014. Several countries
initiated new programmes in 2014 to expand energy access
through renewables—including Chile, Myanmar, and Sri Lanka
advancing renewables for electricity; and Ecuador, Guatemala,
Bangladesh, and India launching initiatives to advance clean
cooking.

Dozens of international actors were involved in advancing energy
access with renewables in 2014, through international initiatives
such as Sustainable Energy for All (SE4ALL), as well as through
bilateral and multi-lateral government programmes. Multilateral
financial institutions and development banks also continued to
finance renewable energy projects in 2014. Alongside traditional
actors, public-private partnerships and non-governmental
organisations are promoting distributed renewables.

Involvement of the private sector is expanding, due largely
to a growing awareness that off-grid, low-income customers
represent fast-growing markets for goods and services.
Distributed renewable systems continued to attract investment
from venture capitalists, commercial banks, and companies in
2014, as well as from less-conventional sources.
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ENERGY EFFICIENCY:
RENEWABLE ENERGY'S TWIN PILLAR

Special synergies exist between energy efficiency and renewable
energy sources in both technical and policy contexts, and across
numerous sectors from buildings and electrical services to
transportation and industry. Although energy intensity (primary
energy consumption per unit of economic output) has improved
globally and in almost all world regions since 1990, there are vast
opportunities to improve energy efficiency further in all sectors
and countries.

Drivers for policies to promote efficiency improvements include
advancing energy security, supporting economic growth, and
mitigating climate change. In poorer countries, increased
efficiency can make it easier to provide energy services to those
who lack access. To meet such goals, an increasing number
of countries has adopted targets and policies to improve the
efficiency of buildings, appliances, transport vehicles, and
industry.

In 2014, targets were in place at all levels of government, and
numerous countries introduced new policies or updated existing
ones in order to achieve their targets. Several jurisdictions
enacted performance requirements or incentives to improve
building efficiency during 2013 and 2014. Standards and
labelling programmes are the primary tools to improve the
efficiency of appliances and other energy-consuming products,
and, by 2014, 81 countries had such programmes. By the
end of 2013, standards for electric motors used in industrial
applications had been introduced in 44 countries. As of late
2014, vehicle fuel economy standards covered 70% of the
world’s light-duty vehicle market.

To date, there has been relatively little systematic linking of
energy efficiency and renewables in the policy arena. However, a
small but growing number of policies has begun to address them
in concert, particularly through building-related incentives and
economy-wide targets and regulations.
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MAINSTREAMING RENEWABLES:
KEY FINDINGS FOR POLICYMAKERS

Government  support policies and increased  cost-
competitiveness, particularly for electricity generated from
wind and solar photovoltaics (PV), have driven recent renewable
energy development, resulting in changing market conditions
for deployment. Future policies need to respond to emerging
opportunities and challenges by addressing new developments,
including: the spread of renewable energy deployment to new
countries, particularly in the developing world; the need toimprove
existing energy infrastructure and markets in order to integrate
high shares of renewable power; and the increasing electrification
of non-power sectors (i.e., heating, cooling, and transport).

As the Renewables Global Status Report documents, renewables
play an increasingly central role in the provision of energy services
to people globally. The challenge now is to develop the necessary
policy frameworks to drive the renewable energy transition to
achieve sustainable and universal energy access for all.

DEVELOP STABLE AND PREDICTABLE POLICIES
THAT CAN ADAPT TO A CHANGING ENVIRONMENT

Stability and predictability of policy frameworks are required
to underpin sustained deployment of renewable energy. The
renewable energy industry needs predictability in order to
attract investment, build up production capacity, develop new
technologies, and expand the number of sustainable jobs.

However, policies also need to have a degree of flexibility so
that they can accommodate upcoming market developments
and avoid unnecessary public spending. It is essential to avoid
abrupt changes in the policy environment (for example, sudden
reversal of feed-in policies can have major negative impacts for
the industry).

Therefore, transitions towards new policy systems require
full knowledge of coming changes and sufficient time for the
industry to adapt its business models.

SHOWCASE AND COMMUNICATE THE ABILITY
OF RENEWABLES TO PROVIDE LARGE-SCALE
ELECTRICITY SUPPLY

Many developing countries are under pressure torapidly increase
energy generation capacities to address growing demand,
to meet energy access challenges, and to foster economic
development. Decision makers faced with such pressures often
underestimate the potentially significant and rapid contribution
that renewables can make. The successful integration of high
shares of renewables in existing infrastructure in China, Denmark,
Portugal, Spain, and the United States, for example, demonstrates
that the right mix of renewable energy technologies, energy
efficiency improvements, and smart management can provide an
affordable and reliable power supply.

Communicating and learning from such successes and
experiences is important to correct the misperception that
baseload power cannot be provided by a mix of renewable
energy sources.

CREATE A LEVEL PLAYING FIELD TO INCREASE
COST-COMPETIVENESS

Global subsidies for fossil fuels and nuclear power remain high
despite reform efforts. Estimates range from USD 550 billion
(International Energy Agency) to USD 5.6 ftrillion per year
(International Monetary Fund), depending on how “subsidy” is
defined and calculated.

Growth in  renewable energy (and energy efficiency
improvements) is tempered by subsidies to fossil fuels and
nuclear power, particularly in developing countries. Subsidies
keep conventional energy prices artificially low, which makes it
more difficult for renewable energy to compete. Artificially low
prices also discourage energy efficiency and conservation.

Creating a level playing field can lead to a more-efficient
allocation of financial resources, helping to strengthen initiatives
to advance the development and implementation of energy
efficiency and renewable energy technologies. Removing fossil
fuel and nuclear subsidies globally would reflect more accurately
the true cost of energy generation.

Where energy or fuel subsidies focus on consumers, particularly
in developing countries, subsidies should be shifted towards
energy efficiency and renewable energy options.

RENEWABLE POWER:
ENERGY SYSTEM THINKING IS REQUIRED

To increase shares of variable solar and wind power generation,
a variety of technologies must be integrated into one resilient
power supply. Thus, policy programmes should shift away from
single-technology support schemes towards measures that
support a balanced combination of diverse technologies. Policy
and regulatory mechanisms must: support/enable more flexible
power grids; increase demand-side management; and integrate
renewable energy-based power systems with the transport,
buildings, industry, and heating and cooling sectors.

Utilities and grid system operators also play an important role
in managing demand and generation in renewable energy-
dominated energy systems. Demand-side management of
industries, transport systems, and households, as well as the
operation of distributed generation fleets, require different
energy policiesto support new business models. The deployment
of new technologies to allow for mainstreaming higher shares
of dispatchable renewable generation is also necessary and
requires new incentives to drive infrastructure investment.

Policymakers should work with utilities and grid system
operators, in addition to major energy consumers (e.g., energy-
intensive industries), to define new policy mechanisms and
regulatory structures.
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INCREASE SUPPORT TO THE RENEWABLE
HEATING AND COOLING SECTOR

Globally, heating and cooling accounts for almost half of total
global energy demand. However, this sector continues to lag far
behind the renewable power sector when it comes to policies
that support technology development and deployment.

Building obligations (both for energy efficiency improvements
and deployment of renewable technologies) are central to
increasing the penetration of renewable heating and cooling
technologies. In addition to buildings, it is important that
there are requirements to integrate renewable energy into
industrial and district heating systems. These support not only
the development of renewable energy heating, but also the
integration of variable power generation, relieving pressure on
power grids.

Policymakers at all levels of government need to support the
development of renewable heat given the large share of heat
in final energy demand. Further development of integrated
approaches for the heating and electricity sectors also can
contribute to reducing grid pressure.

IMPROVE ACCESS TO FINANCE IN DEVELOPING
COUNTRIES

Indeveloping countries, accesstofinancial resourcesis central to
establishing a diversified, stable energy supply. With renewable
energy, expansion of the energy supply for all customer groups
is becoming increasingly a political and financial challenge, not
a technical one. Deployment is often constrained by a lack of
available financial resources, high costs of capital, or reluctance
on the part of investors.

In order to expand energy markets to reach full energy access,
the public sector needs to ensure political stability, which in turn
sends a positive signal to investors. Public finance mechanisms
such as preferential loans and grants as well as loan guarantees
can be effective in leveraging private sector investment by
overcoming the lack of private financial instruments, facilitating
market development, and mitigating risk. Financial instruments
can be implemented on both the supply and demand sides,
supporting project developers and energy users to drive the
evolution of projects to high-capacity deployment. Additionally,
acquiring financing and buy-in necessitates trust in the
technology, which requires the development of standards,
certification, etc. to ensure quality. This is similarly important for
developing local industries and the ability to export renewable
energy products.

DRIVE GOOD DECISIONS WITH GOOD DATA

Reliable, timely, and regularly updated data are essential
for establishing energy plans, defining targets, designing
and continuously evaluating policy measures, and attracting
investment. The data situation for renewable energy—especially
in the power sector—has improved significantly in recent years.
Nonetheless, data availability, accessibility, and quality remain
limited for distributed renewable energy (including modern
renewable heat), in particular. Improved and consolidated data
are required to understand market potential, to drive policy
development, and to attract investors.

Policymakers should pay particular attention to improving the
data situation on distributed renewable energy in developing
countries and on renewable energy heating and cooling; due to
the decentralised nature of these sectors, both present major
data challenges, but they are key to meeting energy access
goals and driving the energy transition, respectively. Innovative
and collaborative approaches to data collection, processing,
and validation are necessary. Informal data are central to closing
data gaps, but they require collaboration with new players from
a variety of non-energy sectors (such as agriculture, industry,
and health), as well as the integration of new methods and
approaches for data collection.

There is a critical need to broaden the definition of renewable
energy data, to collect data in a regular and more systematic
manner, and to increase transparency.

For decentralised renewable energy for energy access,

policymakers and donors need to build into their programmes
and activities continuous data collection and reporting.
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The most successful biological organisms avoid centralised control in favour
of allowing multiple agents to sense independently and respond quickly

to environmental change. The OCTOPUS, which has a powerful central
brain, knows how to balance its advanced cognitive capabilities with quick

responsiveness by decentralising the decision-making function. Similarly,

distributed and decentralised energy systems using renewable energy can

be designed to adapt more quickly to changing energy demands.
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GLOBAL OVERVIEW

Renewable energy continued to grow in 2014 against the
backdrop of increasing global energy consumption and a
dramatic decline in oil prices during the second half of the year.!
Global final energy consumption has increased by about 1.5%
annually in recent years, driven primarily by rising demand in
developing countries.?

Despite rising energy use, for the first time in four decades,
global carbon emissions associated with energy consumption
remained stable in 2014 while the global economy grew.?
Whereas previous emissions decreases were associated with
downturns in the global economy, the carbon stabilisation in
2014 has been attributed to increased penetration of renewable
energy and improvements in energy efficiency.* Looking ahead,
several countries—including China, Mexico, and the United
States—as well as the European Union have announced climate
change commitments that set the stage for future investment in
renewables and energy efficiency.®

There is rising awareness worldwide that renewable energy and
energy efficiency are critical not only for addressing climate
change, but also for creating new economic opportunities, and
for providing energy access to the billions of people still living
without modern energy services.' Renewables are vital elements
of rural electrification programmes in many countries, and

dozens of international actors were involved in advancing energy
access through renewables during 2014.5

In recognition of the importance of renewable energy and energy
efficiency for sustainable development, the United Nations
General Assembly declared 2014 the first year of a Decade of
Sustainable Energy for Al (SE4ALL).” SE4ALL aims to double
the share of renewable energy in the global energy mix from a
baseline share of 18% in 2010 to 36% in 2030.8

By 2013, the most recent year for which data are available,
renewable energy provided an estimated 19.1% of global final
energy consumption. Of this total share, traditional biomass,
used primarily for cooking and heating in remote and rural
areas of developing countries, accounted for about 9%, and
modern renewables increased their share slightly over 2012 to
approximately 10.1%.° (= See Figure 1.)

Modern renewable energy is being used increasingly in four
distinct markets: power generation, heating and cooling,
transport, and rural/off-grid energy services. (- See Distributed
Renewable Energy section.) In 2013, hydropower accounted for
an estimated 3.9% of final energy consumption; other renewable
power sources comprised 1.3%; renewable heat energy
accounted for approximately 4.1%; and transport biofuels
provided about 0.8%.1°

Figure 1. Estimated Renewable Energy Share of Global Final Energy Consumption, 2013
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i- Anestimated 1.2 billion people worldwide lack access to electricity, and 2.8 billion people rely on traditional biomass for cooking and heating. See United Nations
Sustainable Energy for All (SE4ALL), “United Nations Decade of Sustainable Energy for All 2014-2024," http://www.se4all.org/decade/, viewed 10 April 2015.
ii - SE4ALL has three interlinked objectives: ensuring universal access to modern energy services, doubling the global rate of improvement in energy efficiency,

and doubling the share of renewable energy in the global energy mix. See SE4ALL, “Our Objectives,” http://www.se4all.org/our-vision/our-objectives/, viewed
10 April 2015.
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In2014, renewable energy overall expanded significantly interms
of capacity installed and energy produced. Some technologies
experienced more rapid growth in deployment in 2014 than they
have averaged over the past five years.!! (- See Figure 2.) In the
heating sector, capacity installations continued at a steady pace;
the production of biofuels for transport increased for the second
consecutive year, following a slowdown in 2011-2012. The most
rapid growth, and the largest increase in capacity, occurred in
the power sector.

Althoughmanyrenewable energytechnologies have experienced
rapid expansion, growth in capacity and improvements in
energy efficiency are below the rates necessary to achieve the
SE4ALL goal.'? Further, the bulk of new capacity and investment
has centred on just three technologies: solar PV, wind, and
hydropower.

Renewable energy developments in 2014 continued to be driven
largely by government policy.’3 (= See Policy Landscape section.)
Renewables faced challenges in some countries resulting
from policy changes or uncertainties, such as the imposition
of new taxes in Europe and the expiration of the US federal
production tax credit. At the same time, the number of countries
with renewable energy targets and policies increased again in
2014, and several jurisdictions made their existing targets more
ambitious. Policymakers have focused predominantly on the
power sector, with the least attention paid to heating and cooling
and to transport beyond biofuels, a trend that has helped to
shape the current landscape.

By early 2015, several jurisdictions had 100% renewable energy
or electricity targets in place. The vast majority of such targets

exist at the city/local level, with a growing number of state and
provincial governments pursuing 100% goals.’* Increasingly,
100% renewable energy and electricity goals also are being
explored and deployed at the national level—for example, in
countries such as Cabo Verde, Costa Rica, and Denmark.®

Growth also is driven by the increasing cost-competiveness
of renewable energy. Renewable energy costs continued to
decline in 2014, and in many countries renewables are broadly
competitive with conventional energy sources.'® In terms of cost
and environmental performance, distributed renewable systems
also are competitive with fossil fuels (especially diesel) for heat
and electricity inislands and remote jurisdictions, and, ingeneral,
for providing access to modern energy services. In remote and
rural areas of developing countries—and increasingly deployed
to power mini- and micro-grids—renewables are playing a
large and growing role in providing essential and productive
energy services, due largely to growing recognition of their
cost-effectiveness.!®

At the same time, growth in renewable energy (and energy
efficiency improvements) continues to be tempered by subsidies
to fossil fuels and nuclear power, particularly in developing
countries. Subsidies keep conventional energy prices artificially
low, which makes it more difficult for renewable energy to
compete. Artificially low prices also discourage energy efficiency
and conservation, which increases the amount of energy that
renewables must produce in order to meet the SE4ALL goals.'®
In 2013, global subsidies for fossil fuels exceeded USD 550
billion.?° In 2014, close to 30 countries reduced or eliminated
their fossil fuel subsidies, with some doing so in response to low
oil prices.?!

Figure 2. Average Annual Growth Rates of Renewable Energy Capacity and Biofuels Production, End-2009-2014
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SIDEBAR 1. REGIONAL SPOTLIGHT: EAST ASIA

As a region, East Asia has become the world’s largest consumer
and producer of renewable energy, as well as the largest investor
in renewable technologies. East Asia comprises the major
economies of Northeast Asia (China, Japan, South Korea, and
Taiwan) and the fast-growing economies of Southeast Asia (such
as Indonesia, Malaysia, Philippines, Singapore, Thailand, and
Vietnam).

Renewable energy has become vital to East Asia for various
reasons. The region is the world’s largest emitter of carbon;
many of its societies are highly susceptible to climate change
risks; and pollution in its burgeoning cities is causing millions
of premature deaths annually. Renewables not only bring
greatly needed clean energy options to East Asia, but also help
to mitigate energy supply security risk, especially due to the
region’s growing import dependence on fossil fuels. Most East
Asian countries also view renewable energy as a key strategic
component of new industrial policies.

By 2013, East Asia’s total renewable power generating capacity
was an estimated 457 GW (more than 29% of the global total),
and China accounted for over 80% of this amount. Hydropower
represented a significant proportion of the total (322 GW, with
260 GW in China), but wind energy has come to the fore as a
major sector, driven predominantly by China. China and Japan
were the world’s top two solar PV markets; the Philippines and
Indonesia were the world’s second and third largest geothermal
power generators, respectively; and South Korea led in tidal
barrage energy.

East Asia also is a world leader in the renewable heat sector.
China has been responsible for over 80% of solar water heater
(SWH) capacity additions in recent years and currently hosts
around two thirds of the global total. In biofuels, however, East
Asia lags behind the big global players, accounting for just some
3% of world ethanol production and 12% of biodiesel production.

Similarly impressive figures can be found on equipment
production. A decade ago, China made just 5% of the world’s
solar PV modules; now it makes two thirds. China manufactures
around three quarters of global SWHs. The country also produces
more wind turbines (large and small) than any other country.
China has helped to drive down the costs of a range of renewable
energy products. Japanese, South Korean, and Taiwanese firms
are among the technology leaders in many sectors—including
solar PV, ocean, and geothermal energy—and China is rapidly
developing its indigenous capacity for technology innovation
across the renewables spectrum.

A key trend across the region is for governments to integrate
renewable energy into long-term, multi-sector strategies and
policies. South Korea's Green Growth Strategy, Japan's New
Growth Strategy, China’s 12th Five-Year Plan, Vietnam’'s Green
Growth Strategy, and the 10th Malaysia Plan all include ambitious
programmes of renewables development. Furthermore,
energy state-owned enterprises in the region are key players
in renewables installation, equipment production, supporting
infrastructure, new technology development, and investment.

The credibility of state plans has been called into question,
however, as a result of underperformance. Some national targets
have been missed repeatedly (e.g., South Korea and Japan),
some governments have been accused (mainly domestically)
of lacking ambition in key sectors (Japan, South Korea, Taiwan,
Singapore), and some long-term plans have been frequently
revised (e.g., Thailand has launched three long-term “alternative
energy” strategies in just six years).

Nevertheless, these same plans have introduced well-funded
policy incentives and other forms of state support, as well as
improved legislative frameworks at the national, regional, and
local levels; these developments have helped catalyse the
rapid deployment of renewable energy in East Asia over the last
decade. Feed-in tariffs, auctions, enabling building codes, and
renewable portfolio standards have become increasingly popular
policy instruments. A growing number of city and provincial
governments are also devising their own strategies and policies
on renewables, promoting deployment at the local level.

Fast-growing and substantial energy demand, diverse
commercial opportunities, and dynamic entrepreneurism
have further spurred renewable energy market and industry
development. East Asia has a population of 2.2 billion and
remains the world’s fastest-growing regional economy. Its
huge potential for both distributed generation and utility-scale
renewable energy installations is being exploited in urban and
rural areas alike. Although state-owned enterprises dominate
most value-chain aspects of China’s renewables industry, a
dynamic private sector has emerged in solar and wind energy
equipment manufacturing with firms such as Sinovel, Goldwind,
Trina, and Yingli—all of which are now world leaders.

Various challenges lie ahead for further scaling up renewables
in East Asia. Large-scale hydropower has proved highly
controversial in China and Southeast Asia, and is reaching its
exploitable potential. Transmission infrastructure bottlenecks
continue to impede wind energy development in China and
elsewhere in the region. And contentious issues concerning
environmental sustainability and food security are arising in the
bioenergy sector. Ongoing coal capacity expansion in the region
might come at the expense of even greater renewable energy
deployment.

In addition, recent trade disputes over China’s exports of
solar PV modules, wind turbines, and rare earth minerals
have arisen due to claims of “unfair” state interventions, and
future disputes appear likely as global competition intensifies
in rapidly growing sectors such as wind and solar energy.
Competitive East Asian firms are likely to benefit significantly,
however, if the World Trade Organization’s Environmental
Goods Agreement is signed and its membership expanded.
Finally, further engaging East Asian society in the clean energy
revolution will be critical if the region is to rely less on the
top-down, state-led promotion of renewables development.

Source: See Endnote 23 for this section.
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As costs fall, renewable energy markets continue to diversify
geographically.?> While Europe remained an important regional
market and a centre for innovation, activity continued to shift
towards otherregions. Chinaagainledthe world in newrenewable
power capacity installations in 2014, and Brazil, India, and South
Africa accounted for a large share of the capacity added in their
respective regions.?® (= See Sidebar 1.) At the same time, the
number of developing countries across Asia, Africa, and Latin
America that were manufacturing and deploying renewable
energy technologies continued to expand.?*

Global investment in renewable power and fuels rebounded
in 2014, with increased investment in all regions of the world.
Renewables outpaced fossil fuels for the fifth year running in
terms of net investment in power capacity additions, due almost
entirely to increased investment in solar and wind power.?®
(= See Investment Flows section.)

By dollarsspent, the leading countries forinvestment were China,
the United States, Japan, the United Kingdom, and Germany.
However, considering investments made in new renewable
power and fuels relative to annual GDP, top countries included
Burundi, Kenya, Honduras, Jordan, and Uruguay.’ The leading
countries for investment per inhabitant were the Netherlands,
Japan, Uruguay, the United Kingdom and Ireland and Canada
(both about even).?

New investment vehicles for renewables—such as green bonds,
yieldcos', and securitisation—also expanded, as did the number
and variety of crowdfunding platforms for renewable energy
in developed and developing countries.?’” (= See Distributed
Renewable Energy section.) These innovations attract new
classes of capital providers (e.g., institutional and retail
investors) and help to reduce the cost of capital for financing
renewable energy projects, which, in turn, further improves the
competitiveness of renewable energy.

In parallel with growth in renewable energy markets, 2014 saw
significant advances in the development and deployment of
storage systems across all energy sectors. Energy storage (via
pumped storage, batteries, thermal storage, and other means) is
used primarily to provide peak shifting and frequency regulation
services in the power sector, with very small but growing markets
for the use of batteries for electric vehicle propulsion in the
transportation sector, and for thermal energy storage in the
heating and cooling sector.?® Although batteries comprise only
a small part of global storage capacity, several trends may signal
future market ramp-up.?® For example, innovative business
and deployment models that integrate renewables and on-grid
storage expanded in 2014, and massive manufacturing plants
for the production of lithium-ion batteries were announced in
China and the United States.*®

Another trend that continued to emerge in 2014 is the increasing
electrification of transportation and heating applications,
highlighting the potential for further overlap among the sectors
inthe future. 3! The increasing electrification of personal vehicles
and heating systems likely will require greater amounts of

renewable capacity in order to meet existing power sector targets
(e.g., RPS). Atthe same time, electric transportation and heating
can be used to balance variable renewable power generation.
Electric heating, for example, is being used for balancing both at
the system level (e.g., using electricity from the grid to feed heat
into district heating networks) and at the consumer level (e.g.,
the combination of solar PV and heat pumps).

POWER SECTOR

The most significant renewables growth in 2014 occurred in the
power sector, with global renewable power capacity reaching
an estimated 1,712 GW at year’s end, an increase of 8.5% over
2013.%% Hydropower capacity rose by 3.6% to approximately
1,055 GW, while other renewables collectively grew nearly 18%
to an estimated total approaching 660 GW.33 Globally, wind and
solar PV each saw record capacity additions, each surpassing
hydropower and together they accounted for more than 90% of
non-hydro installations in 2014.3* (+ See Reference Table R1.).

In 2014, renewables made up an estimated 58.5% of net
additions to global power capacity and represented far higher
shares of capacity added in several countries around the
world.® By year's end, renewables comprised an estimated
27.7% of the world’s power generating capacity.?® This was
enough to supply an estimated 22.8% of global electricity, with
hydropower providing about 16.6%.%” (= See Figure 3.) Over
the period 2007-2012, renewable power generation grew at
an average rate of 5.9% per year.®® In contrast, global electricity
consumption increased by an annual average rate of 2.7% in
the same period, with electricity consumption in non-OECD
countries growing twice as rapidly.®

Variable renewables are achieving high levels of penetration in
several countries. For example, throughout 2014, wind power
met 39.1% of electricity demand in Denmark, 27% in Portugal,
and 21% in Nicaragua; solar PV capacity in operation at the end
of 2014 was enough to meet an estimated 7.9% of electricity
demand in Italy, 7.6% in Greece, and 7% in Germany.®

By the end of 2014, China, the United States, Brazil, Germany,
and Canada remained the top countries for total installed
renewable electric capacity.*! China was home to approximately
one-fourth of the world’s renewable power capacity, including
about 280 GW of hydropower.*> The top countries for non-
hydro capacity were China, the United States, and Germany;
they were followed by ltaly, Spain, Japan, and India, which all
ended the year with similar capacity levels.** (= 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, Sweden, Spain,
and Portugal.i 44

Regionally, Asia installed the most generating capacity—led
by China, which added the most wind power, solar PV, and
hydropower capacity of any country in the world.*® There

i - Note that investments funds may have been sourced from outside of these countries. Others among the top 10 are Panama, Costa Rica, China, Fiji, and the

Netherlands.

i - Ayield company is a corporate entity created specifically to hold high-yielding investments in operating-stage projects. Securitisation refers to the process
of pooling assets with similar characteristics (e.g., solar PV systems) to reach scale sufficient for issuing a series of securities with different claim priorities on

those assets, and selling the securities to investors.

i - While there are other countries with high per capita amounts of renewable capacity and high shares of renewable electricity, the GSR focuses here on the top 20

countries for total installed capacity of non-hydro renewables. Several other countries, including Austria, Finland, Ireland, and New Zealand, also have high per
capita levels of non-hydro renewable power capacity, with Iceland likely the leader among all countries. (See Reference Table R13 for country shares of electricity

from renewable sources.)



also was significant market growth in Asia more broadly, with
Thailand adding more solar PV (0.5 GW) than many European
countries, and the Philippines and Pakistan each bringing on
line significant amounts of wind power capacity.®

Within the European Union, renewables accounted for the
majority (78%) of new generating capacity for the seventh
year running. Germany increased its share of non-hydropower
renewable generation from 10.5% in 2010 to 24% by 2014,
whereas Scotland supplied close to half of its electricity from
renewables in 2014.4

North America experienced significant solar PV and wind
market growth, although the vast technical potential for both
resources remains largely untapped. In the United States,
more renewable energy capacity was built than natural gas
capacity, and non-hydropower resources out-produced
hydropower for the first time.*®

In Latin America and the Caribbean, Brazil continued to lead
in terms of total new capacity additions. Brazil commissioned
over 3 GW of hydropower and a record 2.5 GW of wind power
capacity.*® Both Chile and Mexico achieved significant
increases in wind and solar PV, and Uruguay added the most
wind capacity per capita globally.*°

Africa also saw a surge in new renewable energy installations.
South Africa was among the top 10 solar PV markets for the
first time (ranked 9th), ahead of India, and led the continent in
new wind installations.®! Kenya installed more than half of the
world’s new geothermal capacity, and Rwanda significantly
increased its total generating capacity with the addition of
new hydropower capacity (at least 30 MW) and an 8.5 MW
solar PV plant.*?

The rapid growth of renewable energy generation created both
challenges and opportunities in 2014. In countries where energy
consumption is expanding, both renewable energy and fossil fuel
generation are developing in parallel to meet growing demand. In
countries with slow or negative growth in electricity consumption
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(e.g., several OECD countries), renewable energy increasingly is
displacing existing generation.® In response to this competition,
some utilities and electricity suppliers in Europe and North
America are repositioning by acquiring significant renewable
energy assets, decreasing fossil fuel investments, and acquiring
other utilities that already have significant amounts of renewable
energy in their generation portfolios.®*

At the same time, policymakers in some jurisdictions are requiring
utilities to update their business models and grid infrastructure
to support increased shares of renewable energy.®® In addition,
several countries and regions continued to strengthen their
transmission systems in 2014, to increase capacity for higher
penetrations of variable renewables, and to build transmission
lines specifically to access strong renewable resources, for
example in India and Africa.%® Countries around the world
also are exploring other new and innovative approaches to
accommodating rising shares of renewable energy.®” (- See
Sidebar 2.)

Globally, renewable electricity production in 2014 continued to
be dominated by large (e.g., megawatt-scale) generators that
are owned by utilities or large investors. Yet Australia, Europe,
Japan, and North America also have seen significant growth
in numbers of residential “prosumers”’—electricity customers
who produce their own power.%8 France held national dialogues
on how to best support (and manage) prosumers, and the
European Union began exploring guidance for member nations
on self-consumption regulations. In developed and developing
countries, industrial prosumers also produced significant
amounts of renewable generation from waste biomass
associated with agriculture and forestry.®°

Community and co-operative ownership of grid-connected
renewables also expanded during 2014, particularly for solar
PV. Feed-in tariffs supporting community-owned renewables
continued to operate in jurisdictions such as Thailand and Nova
Scotia.®! Also, the first community-owned ocean energy system

Figure 3. Estimated Renewable Energy Share of Global Electricity Production, End-2014
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SIDEBAR 2. INNOVATING ENERGY SYSTEMS: POWER SYSTEM TRANSFORMATION

Power systems have been planned and operated in much the
same way for generations. Today, however, a broad constellation
of factors is driving significant change: growing concerns over
the local and global impacts of fossil fuel emissions; a swiftly
evolving energy security landscape; the imperative of universal
energy access; rapidly changing technology costs; greater
democratisation of energy supply; increased interactions with
water and land-use sectors; and dramatic advances in network
intelligence and system optimisation.

These forces call for significant power system transformation.
Evidence from around the world shows that technical and
institutional innovations are arising to unlock new system
capabilities. Key innovations that have emerged and have begun
to diffuse fall broadly into four categories: planning processes,
operational practices, prices and tariffs, and enabling
technologies. Examples include:

Planning Processes. As water, climate, and health impacts of
energy production have become more widely understood and
measured, they are being explicitly incorporated into integrated
resource planning in some jurisdictions. For example, in the
arid southwest of the United States, the Arizona Public Service
(APS) utility planning process examines risks and benefits
across a range of water and emissions scenarios, leading to
greater emphasis on renewable energy technologies for supply.
Several emerging markets also are shifting to more pro-active
and comprehensive energy planning processes to account for
unique characteristics such as energy access and economic
development.

In jurisdictions with already high and growing shares of
renewables, planning processes are evolving to include, among
other things, better geospatial analysis of renewable energy
resources, new approaches to co-ordinating transmission grid
build-outwith renewable generation, and more detailed reliability
metrics to ensure reliable power systems as renewable shares
grow. For example, the transmission system operator in Ireland
(EirGrid) has developed a multi-phase process to maintain
orderly deployment of transmission and wind generation, and
it employs highly detailed reliability analyses to explore system
operation under future wind generation scenarios.

Operational Practices. Balancing electricity supply and demand
has always had an element of variability and uncertainty, and
this grows along with the share of renewables. A variety of
operational practices allow this growth to be managed cost-
effectively and reliably, including improved weather forecasting,
improved generator scheduling, and increased co-ordination
with neighbouring grid systems. Better forecasting, for example,
has diffused into nearly all major systems with significant
amounts of wind power, such as in Canada, China, Germany,
Ireland, Portugal, Spain, and the United States.

Prices and Tariffs. The design of prices and tariffs has been a
linchpin of power system architecture. Today, prices and tariffs
are increasingly important not only in driving renewable energy
adoption but also in encouraging demand response, flexible
performance from generators, energy efficiency, and investments
in distributed generation. For example, various markets with
high shares of renewables are witnessing general reductions in
the wholesale market prices of electricity, as wind and solar bid
with zero or near-zero incremental costs. These price reductions
may reduce the profitability of those conventional generators
that can provide essential grid services. In response, some
market operators are implementing specific products—such as
capacity payments or “pay-for-performance” mechanisms—to
adequately compensate generators and demand-response
providers for their services in providing dispatchable supply and
in balancing the grid.

Enabling Technologies. To support power system transformation,
investment is increasing in enabling technologies, including
innovative water-saving generation technologies, “smart”
inverters for new solar PV generation that can enable dynamic
power output adjustments, smart meters and other technologies
to enable demand response, battery and pumped hydro storage,
and flexible thermal generators. For example, German utilities
are retrofitting existing coal-fired power plants to enable them
to ramp up and down more rapidly in order to integrate variable
renewable resources more flexibly. In Denmark, CHP plants
serve as a storage reservoir for variable wind power.

Together, these innovations give a sense of how broadly the
landscape is changing in response to, and in support of,
renewable energy deployment. The coming decades likely
will bring even more change as the costs drop for renewables,
storage, and network intelligence technologies. Strategic
management of power system transformation will consequently
become an increasingly important area of focus.!

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.

Source: See Endnote 57 for this section.

i - A deeper discussion of these changes and the road ahead can be found in the Status Report on Power System Transformation from the Clean Energy Ministerial,
a forum of leading energy ministers that promotes policies and programmes that advance clean energy technology and encourages the transition to a global clean

energy economy.



was installed in Scotland.®? Both Denmark and Germany have a
long tradition of community and local ownership of renewable
energy systems.5® In Germany, 47% of the renewable energy
generation was owned by individuals or investor co-operatives as
of 2012, although that percentage has declined in recent years.®

Major corporations and institutions around the world made
substantial commitments in 2014 to purchase renewable
energy, and a group of corporations committed to achieve 100%
renewable energy under the RE100 Initiative.®® Large companies
also independently announced expenditures of several billion
dollars to own (or purchase electricity from) renewable energy
generators.%¢ The mining industry is investing in renewable
energy systems to improve reliability and reduce energy costs,
with renewable energy systems to generate power and heat
installed or under development at mines in Brazil, Canada, Chile,
South Africa, and Tanzania.®”

Voluntary purchases of renewable energy from traditional utilities
continued to increase, primarily in the power sector. Germany
remains one of the world’s green power leaders, and other
European countries have active green power markets as well.%®
Germany’s market grew from 0.8 million residential customers in
2006 to 5.7 million in 2013, with 14.3% of all private households
in the country purchasing a combined total of 19.5 TWh of
renewable electricity. When commercial customers are included,
green power purchases in Germany exceeded 29.6 TWh.%°

Green power markets also exist in Australia, Canada, Japan, South
Africa, and the United States. More than half of US electricity
customers have the option to purchase green power directly from
their local utility or electricity supplier. In 2013, US retail green
power sales totalled 62 TWh (about 1.7% of total US electricity
sales), purchased by approximately 5.4 million customers.”
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HEATING AND COOLING SECTOR

Energy use for heat accounted for about half of total world final
energy consumption in 2014.7' Renewable energy supplied
more than 25% of final energy use in the heating sector, of which
over two-thirds was traditional biomass.”? Modern renewable
energy supplied the remaining third—or approximately 8% of
total heat. Therefore, modern renewable heating accounts for a
significant share of renewable energy’s total contribution to final
energy use. Even so, there exists vast additional potential for the
expansion of renewable heat, and for low-temperature heating
applications in particular.”?

In 2014, bioenergy accounted for over 90% of the modern
renewable energy portion, with solar thermal and geothermal
supplying the remainder.”* About half of modern renewable
heat is consumed by industry, where it meets an estimated
10% of total heat demand and is produced almost entirely from
biomass.”® Growth has been relatively slow in the industry sector
in recent years.’®

The other half of renewable heat consumption occursin buildings
for space heating, water heating, and cooking, and is derived
primarily from biomass, with solar and geothermal contributing
much smaller shares. Most growth of renewable energy use
for heat in the buildings sector has been driven by support
policies, although there are increasing numbers of locations and
circumstances in which renewable heat technologies are cost-
competitive with fossil fuels.””

Renewable energy also is used for cooling, and there is growing
interest in regions around the world, including Asia, Europe, the
Middle East, and North America, where it offers the potential to
reduce electricity loads.”®Inrecent years, the global solar cooling
market has grown at an annual rate exceeding 40%.7° However,
the number of installations worldwide remains limited.&°

Figure 4. Renewable Power Capacities* in World, EU-28, BRICS, and Top Seven Countries, 2014
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Global demand for heat energy grew at an average annual rate
of 2.6% between 2008 and 2012, driven primarily by increased
demand for heat in industry and buildings in developing
countries.® Cooling demand also has increased dramatically—
up 60% during the decade from 2000 to 2010—as a result of
improved energy access and rising global temperatures.®

In recent years, global growth in the use of traditional biomass for
heating has begun to level off due to increasing urbanisation and
access to modern energy sources in developing countries.®3 By
contrast, global consumption of modern renewable energy in the
heating sector increased by an average of 2.4% annually from
2007 to 2013.84 Despite this increase, the total share of modern
renewable energy in the heating sector has remained steady
because of continuing growth in final energy use for heat.®

Renewable energy for heating is fairly evenly distributed
around the world as a result of the use of industrial biomass in
many countries. However, there are important differences in
renewable heating trends at the regional level:

Asia uses the largest amount of modern renewable energy in
the heating sector overall, driven primarily by the amount of
industrial bio-heat used in India and other Asian countries.®¢
China continued to dominate the global solar heating market
in 2014 and to lead the world in the direct use of geothermal,
and in biogas for heat.®”

Europe leads the world in modern renewable energy as
a share of heating energy (14.7% in 2013), and European
countries such as Iceland, Norway, and Sweden have some
of the highest renewable heating penetrations in the world
(over 50%).88 Europe also leads in innovations such as solar
thermal combi-systems, the integration of solar heat into
district energy networks as well as industrial processes,
and the development of smaller-scale geothermal CHP and
heating plants.®

The United States continued to be a leader in solar water
collector capacity during 2014, although this market has
slowed in recent years.?® Overall, total renewable energy for
heating in North America declined from 2007 to 2013 due to
decreases in biomass consumption in the industrial sector.®!

In Latin America, expansion of renewable thermal energy
use in recent years has been driven primarily by biomass
growth.®? At the same time, Brazil has experienced strong
growth in solar water heating, and Mexico also is becoming
a notable market; several other countries in the region have
experienced growth in solar water heating even without
public incentives.?®

In Africa, modern renewable thermal energy plays a modest
but important role, particularly in countries such as Mauritius,
Ethiopia, and Kenya that have sugarcane industries fuelling
co-generation plants with bagasse.?* South Africa’s solar water
heating market led the continent, although markets across
Africa continued to add solar heating capacity in 2014.%°

In the Middle East, solar hot water is an important resource
in many countries. Israel leads for total capacity of solar water
collectors, followed by the Palestinian Territories, Jordan, and
Lebanon.® About 85% of Israeli households use solar water
heaters.?” Interest in solar cooling is also rising in the region.®®

The year 2014 witnessed the continuation of several trends
that are increasing renewable energy’s potential to play a larger
role in the heating and cooling sector. These included: energy
efficiency improvements in industrial processes, in heating and
cooling systems, and in building materials; rising interest in net
zero energy buildings (NZE); and a growing number of countries
with NZE mandates for 2020 and beyond. (= See Energy
Efficiency section and Sidebar 7.)

The expansion of district energy systems also may provide
increased opportunities for renewable heating and cooling.
District energy supplies approximately 12% of residential and
commercial heating in Europe, and some countries in Europe
and elsewhere have much higher percentages.®® China, for
example, doubled its district heating networks between
2005 and 2011 and supplies an estimated 30% of its heating
demand from district systems.1°® Worldwide, an estimated 6%
of modern renewable heat in buildings is provided through such
networks.’* A number of developed countries, especially in
Europe, are integrating solar, biomass, and geothermal heat into
district systems.1> Denmark more than doubled the total solar
thermal capacity in its district heating networks between 2012
and the end of 2014.1%3

A small number of countries, such as Denmark and Ireland, also
has begun using district heat systems and other technologies to
absorb heat generated by renewable electricity during periods of
excess supply (e.g., through the use of heat pumps or resistance
heaters).1%* 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.10®

Another significant trend is a move towards the use of hybrid
systems that integrate several energy resources (such as solar
thermal or biomass with heat pumps) to serve different heat
applications.!° China’s market for hybrid-heat pump products
is double the size of Europe’s, and both markets are expanding
rapidly.’” There is also growing interest in the use of larger-scale
heat pumps for district heating as well as industrial processes.!%®

Despite these innovations in renewable heating, a limited
awareness of the technologies, the distributed nature of
consumption and fragmentation of the heating market, and
a relative lack of policy support has constrained growth in the
sector. Further, the sector has faced headwinds due to low fossil
fuel prices, ongoing fossil fuel subsidies (especially for natural
gas), as well as competition from other possible investments,
such as energy efficiency improvements or other renewable
energy systems (e.g., solar PV, heat pumps, and solar PV / heat
pump hybrids).1%® Solar thermal has experienced the fastest
growth among the modern renewable energy sources, but the
pace of growth continued to slow in 2014 in response to such
challenges.
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TRANSPORT SECTOR

There are three main entry points for renewable energy in the
transport sector: the use of 100% liquid biofuels or blended
biofuels with conventional fuels; the growing role of natural gas;
and the increasing electrification of transportation. Trends in
each of these areas have contributed to the evolving landscape
forrenewable energy in the transport sector. To date, however, the
primary focus of policies, markets, and industries in the transport
sector has been on liquid biofuels.!®

Demand for oil in transportation has increased significantly as a
result of growth in private motorisation, primarily in developing
countries. However, increased fuel economy in cars and other
light-duty vehicles, as well as improved transportation strategies,
have helped temper demand.!'! During the period 2008-2012,
global demand for motor gasoline increased by 1.2% annually, with
growth skewed towards non-OECD countries, at 5.1% annually.!*?

The share of renewables in transportation remains small.
Renewable energy accounted for an estimated 3.5% of global
energy demand for road transport in 2013, up from 2% in 2007.113
(At the same time, transport fuels accounted for the second
largest share of renewable energy jobs globally. - See Sidebar
3.) Liquid biofuels—primarily ethanol and biodiesel—represent
the vast majority of the renewable share. Biofuels’ contribution
to the transport sector is considerably higher in some European
countries, in the United States, and in Brazil—where the share
of biofuels in road transport fuel exceeded 20% in 2014.14 Liquid
biofuels are used mainly for passenger vehicles and heavy-duty
road vehicle applications.

Beyond liquid biofuels, relatively small but increasing quantities
of gaseous biofuels, including biomethane (purified biogas), are
being used to fuel vehicles. Renewables also are used in the form
of electricity for trains, light rail, trams, and both two- and four-
wheeled electric vehicles.

Although concerns about the environmental, economic, and
social sustainability of biofuels constrained growth in some
regions, almost all major producing nations increased their
production of biofuels in 2014 relative to 2013.11°

The United States continued to lead the world in both
biodiesel and ethanol production; ethanol output expanded
from 2013 to 2014, despite policy uncertainties.’® Canada
also saw marginal increases in biofuels production in 2014
and was one of the world’s top five producers of fuel ethanol.1

Brazil's production of ethanol and biodiesel expanded in 2014,
and output of smaller producers in Latin America, such as
Argentina and Colombia, also increased. Argentina’s output was
up 28% in response to national incentives and a blend mandate,
and it ranked fifth globally for production of biofuels in 2014.118
The European Union considered capping the contribution
of biofuels derived from sugars, starch, and oil crops due to
sustainability concerns.’® At the same time, EU countries
struggled to meet their renewable energy targets for
transportation.'?® Against this background, the amount of
biofuel production increased during 2014, with Germany
leading the region.'?!

Biofuels production expanded rapidly in Asia during
2013-2014, where the region’s top three producers (China,
Indonesia, and Thailand) collectively increased their
production by 16%.122

Production levels in Africa remained small in 2014, although
several sub-Saharan countries have national biofuel (mostly
ethanol) blending mandates in place.'?

There continue to be advances in new markets and in new
applications for biofuels. In 2014, commercial flights in Norway
and Sweden were fuelled by aviation biofuel, and airlines in Brazil,
China, Indonesia, South Africa, the United Arab Emirates (UAE),
the United Kingdom, and the United States announced aviation
biofuel supply agreements or plans to integrate aviation biofuel
into future flights.124

Around the world, militaries—including the navies of Australia,
Chile, Italy, and the United States—continued to pursue biofuels
development in 2014.> The US military announced the first
successful supersonic flight fuelled by renewable isobutanol in
December 2014.126

Beyond liquid biofuels, trends in the development of gaseous fuels
and electricity continued to create pathways for the integration
of renewables into transportation. The number of compressed
natural gas vehicles and fuelling stations continued to expand in
2014, creating parallel opportunities for gaseous biofuels such as
biomethane.’?” Limited but growing quantities of biomethane are
fuelling cars, buses, and other vehicles in several EU countries
(most notably Germany, Finland, and Sweden).!?® Although
biomethane production is concentrated primarily in Europe,
plans are under way in other regions—including Brazil, as well
as countries in Asia and North America—to develop facilities for
production and vehicle fuelling.'?®

The electrification of the transport sector expanded further
during the year. The number of electric passenger vehicles on
the road nearly doubled from 350,000 in 2013 to 665,000 in
2014.13° The United States led the world in the size of its electric
vehicle (EV) passenger fleet, but Norway led in the share of EVs
in annual vehicle sales in 2014 (12%+).3! As of early 2015, China
was home to 97% of the world’s 235 million electric two wheelers
and 79% of the world’s 46,000 electric buses.'® In 2014,
there also was continuous growth in electric public transport,
including the expansion of electric passenger rail, light rail, and
trolley systems.!33 In 2014, Bhutan announced that it would use
its ample renewable resources to electrify its transportation
sector, starting with government fleets and taxis.!34

These trends enable greater integration of renewable energy into
the transport sector, but only to the extent that the associated
electricity demand is met with new renewables, as electric
vehicles are only as "renewable" as their power source.’®® EVs
can be connected directly to renewable energy charging stations,
and also can have renewable energy integrated directly into their
designs, but such direct links remain rare.!3¢ EV storage can also
be utilised to balance variable renewable electricity, although this
function remains at the demonstration stage.’®”

In Europe, a combination of on-site renewable energy and
voluntary green power purchase programmes has enabled
some rail systems to declare that their trains are, or soon will
be, powered with renewable electricity and fuels. The Swedish
passenger train company (SJ) has powered its trains with 100%
renewable energy for a number of years, the Swiss Federal Railway
(SBB) has a goal to move from 75% renewable energy to 100% by
2025, and Deutsche Bahn in Germany previously committed to
achieve 100% renewable energy by 2050.1%8 In 2014, the national
rail system of the Netherlands established a goal to move to 50%
renewable energy in 2015 and 100% by 2018, while the German
region of Rhein-Hunsrlck redirects its excess renewable energy
generation to its transit system.'3° Beyond Europe, Indian Railways
committed in 2014 to using up to 5% biofuels for its trains.14°
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SIDEBAR 3. JOBS IN RENEWABLE ENERGY

Renewable energy employment continues to be shaped by an
array of industrial and trade policies, industry realignments,
and technology developments, as well as an ongoing regional
shift from Europe and North America to China and other Asian
nations. According to IRENA!, in 2014 an estimated 7.7 million
people worked directly or indirectly in the sector, with an
additional 1.5 million in large-scale hydropower (= See Table 1.)

Solar PV is the largest employer, with 2.5 million jobs, most of
which are concentrated in China due to its undisputed lead in
manufacturing as well as a rapidly expanding domestic market.
Japan, the United States, and Bangladesh have also boosted
their solar PV employment. Jobs in the European PV industry
have decreased by 35%, falling to 165,000 in 2013.

Liquid biofuels remains the second largest employer, with close
to 1.8 million jobs. Brazil has the highest number of biofuels-
related jobs, followed by the United States. Other important
players, due to labour-intensive operations, include Indonesia,
China, Colombia, and Thailand.

Global wind power employment crossed the 1 million jobs
threshold in 2014. Growth has been especially strong in China
and the United States, with Brazil and the European Union
experiencing moderate increases.

Data for the remaining renewable energy technologies are
sparse. In the solar heating sector, China accounts for the bulk of
the estimated 764,000 jobs. Smaller, but noteworthy, employers
include India, the United States, and Brazil.

In 2015, IRENA carried out the first-ever global estimate of
employment in large-scale hydropower', showing approximately
1.5 million direct jobs in the sector. The major employers in
2013 were China, Brazil, India, and Russia. Most jobs are found
in construction and manufacturing, followed by operations and
maintenance.

Renewable energy employment has been growing in off-grid
sectors. The experience of Bangladesh illustrates the strong
potential for solar PV to extend energy access and employment
to rural areas in developing countries. Installations of solar home
systems in the country had risen to 3.8 million units as of early
2015, and employment had expanded to an estimated 115,000
jobs, principally in sales, installations, and maintenance.

China has firmed up its position as the leading renewable energy
employer, with 3.4 million jobs. It has a commanding position
in solar PV, solar water heating, wind power, small hydro, and
biogas.

In Europe, employment in renewables has declined for three
years in a row, reflecting a decrease in overall investment
resulting from adverse policy conditions. The total of 1.2 million
jobs in 2013 (the most recent year available) was down 4% from

the previous year; pronounced solar PV job losses were not offset
by smaller gains in biomass (heat and power) and wind power.
Germany had by far the highest level of employment in 2013,
followed by France, the United Kingdom, Spain, and Italy.

The United States saw strong jobs growth in 2014 in the solar
industries (up 22% since 2013) and in the ethanol industry (up
34%). Biodiesel employment declined slightly along with falling
production. Wind manufacturers recovered from the downturn
in 2013, and new wind installations helped increase total wind-
related employment by 45% in 2014.

Brazil's employment profile continues to be dominated by
bioenergy. Although mechanisation is shrinking the sugarcane
harvesting workforce, the trend is more than offset by the
expanding biodiesel sector. The number of people employed in
wind power and solar water heating is also on the rise.

India has ambitious solar PV installation goals, but its
manufacturers have faltered in the face of cheap imports; in
2014, only about a quarter of India’s 2.3 GW module production
capacity was operational. The solar water heater industry also
has faced strong competition from Chinese imports.

A number of Asian countries have fared well in their solar PV
development. Driven by strong growth in installations, solar PV
jobs in Japan more than doubled in 2013. Malaysia has attracted
a range of solar PV manufacturers with a favourable investment
environment, employing 18,000 people in 2014. For South
Korea, a 2013 figure of 7,500 solar PV jobs in manufacturing is
the latest available estimate.

i - This sidebar is drawn from IRENA, Renewable Energy and Jobs — Annual Review 2015 (Abu Dhabi: May 2015), www.irena.org/publications/rejobs-annual-re-
view-2015.pdf. Data are principally for 2013—2014, with years varying by country and technology, including some instances where only dated information is
available. IRENA’s 2013 estimate of 6.5 million jobs (excluding large-scale hydropower) was updated to 6.9 million following a revision by the China National

Renewable Energy Centre for solar water heating employment in China.

ii - Definitions for large-scale hydropower vary across countries. Large hydropower was not included in previous editions of IRENA’s Annual Review and of this

sidebar due to lack of data.
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JOBS IN RENEWABLE ENERGY

TABLE 1. ESTIMATED DIRECT AND INDIRECT JOBS IN RENEWABLE ENERGY WORLDWIDE, BY INDUSTRY
m China Brazil United India Bang-

Japan
States : ladesh  Germany France Restof EU

THOUSAND JOBS

32 Biomassab 822 241 152f 58 52 53 238
2 Biofuels 1,788 71 8454 2828 35 3 26 30 42
[ Biogas 381 209 85 9 49 3 14
Geothermal® 154 35 2 17 33 54
Hydropower 209 126 12 8 12 5 13 4 24
(Small)e
Solar PV 2495 | 1,641 125 210 115 56 26 82
CSP 22 174k 1 14
Solar heating / 764 600 41e 75 11 7 19
cooling
BN Wind power 1,027 502 36 73 48 3 0.1 138 20 162

Data source: IRENA

Note: Figures provided in the table are the result of a comprehensive review of primary (national entities such as ministries, statistical agencies, etc.) and
secondary (regional and global studies) data sources and represent an ongoing effort to update and refine available knowledge. Totals may not add up due to
rounding.

a) Power and heat applications (including heat pumps in the case of the European Union). b) Traditional biomass is not included. ¢) Although 10 MW is often
used as a threshold, definitions are inconsistent across countries. d) About 304,400 jobs in sugarcane and 199,600 in ethanol processing in 2013; also
includes 200,000 indirect jobs in equipment manufacturing, and 141,200 jobs in biodiesel in 2014. e) Equipment manufacturing and installation jobs.

f) Biomass power direct jobs run only to 15,500. g) Includes 232,633 jobs for ethanol and 49,525 jobs for biodiesel in 2014. h) All solar technologies combined.
i) The total for ‘World’ is calculated by adding the individual totals of the technologies, with 3,600 jobs in ocean energy and 8,300 jobs in publicly funded R&D
and administration in Germany. j) All EU data are from 2013 and the two major EU countries are represented individually. k) Includes 8,300 jobs in publicly
funded R&D and administration; not broken down by technology.

Figure 5. Jobs in Renewable Energy

e 11 1611 H6111 D011 D111
awceee TOTTT TOTOT ATTI O

(Solar PV, CSP,
Solar Heating/Cooling)

E Wind Power

Source: IRENA

TR TTORR ATRT0 PORDR PROON
=50,000]bs 'I"N' world Total: 7.7 Million Jobs

i - Employment information for large-scale hydropower not included. RENﬂd
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BIOMASS ENERGY

Biomass use for energy is multi-faceted: many different raw and/
or processed types of biomass can be transformed via numerous
conversion technologies for use in energy sectors (residential,
commercial, and industrial heating, electricity, or transport).t
(= See Figure 6.)

"% BIOENERGY MARKETS

Total primary energy demand from biomass in 2014 was
approximately 16,250 TWh (58.5 EJ). The bioenergy share in
total global primary energy consumption has remained steady
since before the year 2000, at around 10%.3

In recent years, estimates for the share of traditional biomass in
total bioenergy use have ranged from 54% to 60%.* This large

o]~

volume of traditional biomass—consisting of fuelwood, charcoal,
agricultural residues, and animal dung—is burned in open fires,
kilns, and ovens for cooking and heating applications.® (= See
Distributed Renewable Energy section.)

Because of its multi-faceted nature and the complexities lying
therein—paired with the widely dispersed sources and the
difficulty of co-ordinating data collection across institutions—
production and demand for biomass and bioenergy are relatively
difficult to measure, and large data gaps often exist.?2 (= See
Sidebar 4.)

After traditional biomass, modern heating accounts for the
next-largest share of biomass use for energy purposes.

Figure 6. Bioenergy Conversion Pathways

Feedstock'

@ |) o

Direct (no conversion) Energy Usage

Source:
See Endnote 1
for this section.

Conversion Routes? Energy Carrier

Oils Upgrading3 E— ;
oil crops (rape, —> Pg g —> Solid
sunflower, soya, etc.) * Wood pellets
waste oils, animal fats I and chips _)
Transesterification |
or Hydrogenation
Sugar and [|
Starch Crops I (Hydrolysis) + Fermentation > o Heat
[ oL — or Microbial Processing Liquid Fuels
1 ’ * Biodiesel
) ; P . Gasification * Ethanol, butanols,
ngnocg!lulosu: (+ Secondary Process)* hydrocarbons
iomass 1 * Syndiesel,
(wood, straw, energy rg’:e‘:;s,;e el
crop, MSW, etc.) ; (P)grolysdisS o ) L * Methanol, alcohols
T= +Secondary Process o Other fuels and .
. 1 : Lo ) fuel additives EIeCt"c'ty
Biodegradable MSW I e =
sewage sludge, manure, _> Anaerobic Digestion
wet wastes (farm and (+ Biogas Upgrading) f : G
food wastes), macroalgae [ 1 aseous
11 (B | « Biomethane
& <= = = 1> Other Biological / L P U, e
Photosythentic — — % Chemical Routes L
Microorganisms O 1
e.g., microalgae . .
gand bacts,ia Bio-Photochemical | - _:_ -—)
Routes Fuel

C-Jo]~]#]

Note: Solid lines represent commercial pathways, and dotted lines represent developing bioenergy routes.

! Parts of each feedstock, e.g., crop residues, could also be used in other routes. 2 Each route also gives co-products. 3 Biomass upgrading includes any one of the
densification processes (pelletisation, pyrolysis, torrefaction, etc.). # Anaerobic digestion processes release methane and COz, and removal of CO2 provides essentially
methane, the major component of natural gas; the upgraded gas is called biomethane. ® Could be other thermal processing routes such as hydrothermal, liquefaction,
etc. DME = dimethyl ether.
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SIDEBAR 4. RENEWABLE ENERGY DATA: DISTRIBUTED CAPACITY AND PRODUCTION

Timely, accurate, and accessible data on renewable energy are
essential for good policymaking. As deployment of renewable
energy technologies increases and their geographical spread
widens, the complexity of data collection, verification, and
harmonisation also increases. (= See Sidebar 1, GSR 2014.)
A problem of data aggregation has long existed for traditional
uses of biomass for heating and cooking, and data on direct
consumption of biomass have always been estimated. This
challenge now extends to modern renewables, and particularly
to distributed and small-scale renewable energy installations,
which are difficult to track and often are considered insignificant
for inclusion in national energy statistics.

In the aggregate, distributed small-scale systems can represent
a significant share of a renewable technology’s total capacity
and generation on a national or even global level. In Germany,
for example, where the regulator requires central registration of
all solar PV systems and where very detailed data are available,
systems below 1 MW accounted for 68% of all solar PV capacity
added to the country’s grid in 2014. Due to the rapidly growing
number of distributed renewable energy producers worldwide,
some account should be made to avoid omitting significant
amounts of renewable capacity and generation while ensuring
greater accuracy in the aggregate picture. New methods of
energy accounting are needed to complete the picture of
renewable energy production and consumption.

Challenges of accounting for distributed energy production
occur mainly in the electricity and heating and cooling sectors
(renewable transport fuels, in contrast, typically are produced
at larger facilities and are easier to track). Distributed electricity
and heating or cooling often are generated on-site for self-use.
Except where financial support mechanisms (such as feed-in
tariffs) require production accounting, generation data must be
estimated based on installed capacity. In many jurisdictions,
however, the authorities responsible for energy data collection
lack information on the scale of the market, a problem that is
particularly acute in developing countries.

To overcome these challenges, authorities at the local and
national levels are furthering their efforts to improve data surveys
and other means of data collection, and international agencies
and non-governmental organisations are pursuing innovative
approaches to data collection and collaboration.

International agencies that long relied solely on official
government data have identified differences in accounting
methods from country to country and are adjusting their data
collection and estimation accordingly. In addition to publishing
official national renewable energy statistics, the International
Energy Agency (IEA) supplements these statistics with data
obtained from multiple non-governmental sources as well as
its own estimates, for publication in its annual Medium-Term
Renewable Energy Market Report. The International Renewable
Energy Agency (IRENA) is improving existing datasets through
its Renewable Energy Statistics Questionnaire by collecting
detailed data on distributed systems from countries that are able
and willing to supply such information.

Additional methodological efforts focus on international trade
data (extracted from customs and import tax declaration forms)
related to solid and liquid biomass fuels and renewable energy
equipment, such as solar PV systems. Such information can
be used to identify newly installed capacities and to improve
renewable energy consumption data. However, international
trade codes are harmonised only up to a six-digit level, which is
not explicit enough to clearly identify many types of renewable
energy carriers or equipment. Additional challenges include
the need to convert from the monetary value of the equipment
to the respective capacity, and uncertainty around the date of
installation and operation of the imported equipment.

There is also a potential opportunity to extract renewable energy
statistics from broader surveys and datasets. The World Bank is
piloting a new multi-tier approach to measuring energy access.
The Bank’s methodology includes information on the equipment
used to supply electricity and heat for comfort and cooking,
which in turn could provide indirect estimates of renewable
energy use. For example, the electricity access survey includes
data on solar PV systems (e.g., solar lanterns), which make it
possible to estimate associated capacity and generation based
on assumed size and load hours. In the heating survey, data
gathered according to the type of cookstove used could enable
estimates of wood consumption based on stove efficiencies.
However, extracting renewable energy-specific information
from this survey could be labour-intensive and would provide
only a partial picture of small-scale renewable installations.

Collaboration among organisations and countries can play
a significant role in improving data on distributed renewable
energy. Points of collaboration include agreements on common
methodologies for improving the comparability of datasets, and
contributions to freely accessible knowledge portals that bring
together data and analysis from multiple sources. Such portals
allow for feedback channels that offer the potential to improve
data accuracy significantly.

Examples include the REN21 Interactive Map (as well as the
annual Renewables Global Status Report and regional status
reports), which relies on a large network of international
contributors, and IRENA’'s newly launched REsource portal.
The portal currently references only IRENA’'s own work, but,
in the next phase, it will include the work of multiple trusted
renewable energy actors. Overarching initiatives such as the UN
Secretary-General’s Sustainable Energy for All also are bringing
stakeholders together and improving the understanding of
synergies (such as between energy access and small-scale
renewable energy systems) in data collection.

Source: See Endnote 2 for this section.
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Applications range from residential to industrial scales and may
be decentralised or grid-connected, for example through district
heating systems. Modern bio-heat is followed by transport
biofuels and bio-power.® Solid biomass represents the largest
share of biomass used for heat and electricity generation,
whereas liquid biofuel represents the largest source in the
transport sector.” (= See Figure 8.)

The vast majority of biomass used for energy is derived locally,
or atleast domestically. There is also significant informal trade in
solid biomass that occurs regionally and across national borders.
However, international trade in biomass is rising rapidly. Wood
pellets and wood chips, as well as fuel ethanol and biodiesel, all
are now commonly traded in large volumes; in addition, some
biomethane is traded in Europe through gas grids.

Some shifts in trading patterns were observed in 2014. Wood
pellets, for example, saw a dramatic shift in export routes. The
largest international trade flows are from North America (the
United States and Canada) to the European Union. In 2014,
shipments of wood pellets from Canada to Europe declined to
2011 volumes, whereas Canadian shipments to Asia (notably
South Korea) increased significantly.® (+See Figure 7 and
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Reference Table R3.) While the volume of wood pellets shipped
to Asia is increasing, the primary supply for Asian markets
continues to be sourced either domestically or from within the
region—for example, South Korean imports from Vietnam.?

US fuel ethanol exports soared to 2.4 billion litresin 2014, up 37%
over 2013 and representing 4% of US output.i® Factors behind
this expansion included low production costs, which temporarily
made US ethanol more cost-competitive; a saturated US national
market; and rising demand for imports in new markets such as
India, the Philippines, South Korea, Tunisia, and the United Arab
Emirates.lt

By contrast, Brazilian exports decreased 42% from 2013 for
several reasons, including unfavourable exchange rates. The
result was an increase in domestic ethanol sales.?

The volume of EU imports of (un-denatured’) ethanol dropped
3% to just under 600 million litres in 2014. Some ethanol passes
through third states that are exempt from EU import duties
(e.g., in Latin America) before entering the EU market.!® The
European ethanol industry has begun to address this situation,
and the European Commission and individual Member States
(e.g., Sweden and the United Kingdom) have successfully closed
several trade loopholes in recent years.!* Key countries that export
to the European Union include Brazil, Peru, Guatemala, and the
United States.?®

Traditionally, the EU has represented the largest destination
market for biodiesel. In 2014, however, the region’s imports
reached an all-time low, at just over 1 million litres (down from
an already small volume of 35.6 million litres in 2013).26 The
decline is due to anti-dumping duties placed by the EU on
imports from Argentina, Indonesia, and Malaysia, which have
made imported biodiesel more expensive.?”

Figure 7. Global Wood Pellet Trade Flows, 2014
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The figure represents some major trade flows in wood pellets but is not exhaustive. There is also some documented trade within REN21
Europe (e.g., between Norway, Switzerland, and EU Member States) as well as among Asian countries. ]

i - Fuel ethanol labelled “denatured” has been rendered unfit for human consumption by the addition of a petroleum denaturant, typically pentanes plus or

conventional motor petrol blending components. Fuel ethanol usually is denatu

red prior to transport from the ethanol production facility.

Source:
See Endnote 8
for this section.
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Bio-heat Markets

Solid, liquid, and gaseous biomass fuels can be combusted
to provide higher-temperature heat (200—400 °C) for use by
industry, in district heating schemes, in agricultural processes,
and in combined heat and power (CHP) plants. They also can
be combusted for use at lower-temperature heat (<100 °C) for
drying; for heating water for domestic, commercial, or industrial
use; and for heating space in individual buildings.

Globally, biomass was used to produce an estimated 12,500
TWh (45 EJ) of heat in 2014, up from 12,360 TWh (44.5 EJ)
in 2013 and accounting for nearly 77% of total global primary
bioenergy demand.'® Roughly 70% (8,805 TWh) of this was
generated from traditional biomass, which is used for heat
primarily in Asia (5,305 TWh or 19.1 EJ) and Africa (3,222 TWh
orll.6 EJ).*®

Modern biomass heat generation occurs mainly in Europe (861
TWhor 3.1 EJ), developing countries in Asia (750 TWh or 2.7 EJ),
and North America (roughly 722 TWh or 2.6 EJ).2° Approximately
9 GW of modern biomass heat capacity was added in 2014,
increasing total global capacity to about 305 GW,.2!

In 2014, Europe remained the world’s largest consumer of
modern bio-heat, most of which was in Sweden, Finland,
Germany, France, and lItaly.?? A large portion of Europe’s bio-
heat is produced for district heating networks, where the share
of heat derived from bioenergy has grown steadily in recent
years; as of 2014, this share reached an estimated 12—-23%.23
Solid biomass heat consumption is rising sharply in countries
that promote the use of wood fuel through policies such as
France’s tax credit and the UK Renewable Heat Incentive (non-
domestic).?* Heating with split roundwood remains common in
residential heat markets. In addition, roughly 50% of total biogas
consumption in Europe, amounting to more than 92 TWh, is
attributed to heat production.?

Biogas also accounts for a significant amount of heat production
in Asia’. In 2014, China had an estimated 100,000 large-
scale modern biogas plants and 43 million residential-scale
biodigesters (the fuel is used primarily for cooking).?6 China
produces significant amounts of heat from individual and farm-
scale biogas plants, generating roughly 400 GWh per day.?’” India
installed more than 82,730 family biogas digesters in 2014,
bringing its total to 4.75 million.?® In South Korea, roughly 24%
(roughly 0.62 TWh) of biogas production was utilised to generate
heat during the year.?®

In the United States, most heat produced from biomass is used
by the industrial sector (primarily the pulp and paper industry),
which hosts 420 large-scale boilers and over 11,000 small-scale
boilers.3® However, the residential sector drives US demand
for pellets, which are burned in more than 800,000 individual
pellet stoves.3! Heating with split roundwood is also common in
US residential markets. In 2014, more than 2.71 million homes
were heated primarily with wood, an increase of almost 4% over
2013.%2

i- Most available information on bioenergy in Asia is limited to biogas.

Bio-power Markets

Bio-power capacity increased by an estimated 5 GW in 2014,
bringing the global total to approximately 93 GW.33 Bio-power
generation also increased, from an estimated 396 TWh in 2013
to about 433 TWh in 2014.3* By country, the leaders for bio-
power generation were the United States (69.1 TWh), Germany
(49.1 TWh), China (41.6 TWh), Brazil (32.9 TWh), and Japan
(30.2 TWh).%

Although the United States continued to lead global bio-
power generation and capacity, with 16.1 GW in operation at
year's end, only 0.3 GW was added in 2014 (down about 50%
from 2013).36 Growth has slowed in recent years because of
limited policy incentives for new installations.?” US bio-power
is derived primarily from wood and agricultural residues
burned in co-generation plants; as with bio-heat, most of this is
consumed in the industrial sector, particularly by the pulp and
paper industry.3® In 2014, electricity generation based on woody
biomass increased 6% to 42 TWh, while generation based on
waste biomass dropped 2% to 19.7 TWh.®

In 2014, China’s bio-power capacity increased by 1.5 GW to
10 GW. Most of the total (about 53%) was from agricultural
and forestry products, and from municipal solid waste (about
45%).4° China is one of Asia's major consumers of wood pellets
and chips.*

Elsewhere in the region, Japan added more than 0.9 GW of
new solid biomass capacity (mostly MSW') and 6 MW of new
biogas capacity, for an estimated total of 4.7 GW.4? India added
only 0.5 GW in 2014 for a year-end total of 5 GW of capacity.
The market was down relative to 2012 and 2013 due in part to
uncertainty about feedstock supplies.*®* While India leads the
region for consumption of wood pellets and chips for bio-power
production, most of India’s bio-power is produced from bagasse
and other agricultural waste.** In South Korea, roughly 59% of
biogas produced annually is used to generate about 1.5 TWh per
year of electricity.*®

By region, Europe leads for both bio-power generation and
capacity, with roughly 36.5 GW in operation at the end of 2014.46
Countries that added capacity during 2014 include the United
Kingdom, which increased its capacity by 0.5 GW thanks largely
to the partial conversion of the second 0.66 GW unit (out of a
total of six) of the coal-fired Drax Power plant to solid biomass,
and Germany, which installed 0.4 GW of new capacity, most of
which relies on biogas and biomethane.*

Total EU electricity generation from solid biomass was approxi-
mately 81.6 TWh in 2014.48 The EU’s top five producers
combined—Germany, Finland, the United Kingdom, Sweden,
and Poland—made up about 63% of the region’s bio-power
production.#® Although a number of countries use biomass
primarily in electricity-only plants (e.g., the United Kingdom,
Ireland, and Hungary), about 65% of the EU’s bio-power was
generated in CHP plants, up from 63% in 2013.%°

In addition, roughly 50% of the total biogas produced in Europe
during 2014 (92.3 TWh) was used to generate electricity.?* More
than 14,560 biogas power plants were operating in Europe, with
total capacity approaching 7.9 GW.52 Germany accounted for

i - Municipal solid waste. The GSR strives to report only the renewable portion of MSW. However, oftentimes MSW information reported in the literature includes

both renewable and non-renewable values.
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Figure 8. Shares of Biomass Sources in Global Heat and Electricity Generation, 2014
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Figure 9. Ethanol, Biodiesel, and HVO Global Production, 2004-2014
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half of this capacity (almost 3.9 GW) and for annual electricity
generation from biogas of around 29 TWh, followed by Italy
(1,391 plants), Switzerland (620), and France (610).53

Brazil’s bio-power sector has seen continuous market growth. An
estimated 1.49 GW of new capacity brought Brazil’s total to 12.3
GW in 2014.54 Electricity production from biomass—primarily
sugarcane bagasse and black liquor—in thermoelectric plants
remained stable at 7.6% of Brazil’s total electricity generation.®®
In addition, 22 grid-connected biogas plants (mostly at landfills)
generated electricity in 2014.56 Policies that require local utility
service providers to obtain at least 2 GW of new renewable
capacity through auctions annually between 2007 and 2017
have not been favourable to biomass because most providers
have opted instead for wind power installations that receive
government incentives.5”

There is also some modest bio-power production in Africa.
All sugarcane mills produce electricity from bagasse in co-
generation facilities for their own use, while some—including
mills in Ethiopia, Kenya, Mauritius, Sierra Leone, Sudan, and
Uganda—sell excess electricity into the national grid.®® Some
pilot installations were installed in 2014, including a waste-to-
energy plant in Nigeria.®®

Transport Biofuel Markets

Global biofuel production increased 9% in 2014, to atotal of 127.7
billion litres, with each type of biofuel reaching its highest level to
date. Fuel ethanol accounted for 74% of the total, biodiesel largely
from fatty acid methyl ester (FAME) for 23%, and hydrotreated
vegetable oil (HVO) for limited but increasing quantities.®® (= See
Figure 9.) The top countries for total production of biofuels were
the United States, Brazil, Germany, China, and Argentina.t!
(= See Reference Table R4.)

Global fuel ethanol production was up 7% to 94 billion litres.62 The
increase was due largely to good corn and sugarcane harvests
and low crude oil prices, all of which kept production costs low.
The United States accounted for 58% of ethanol production,
followed by Brazil (28%), China (3%), Canada (2%), and
Thailand (1%); the European Union accounted for 6% of global
production, led by France and Germany.®3

US fuel ethanol production increased 8% to 54 billion litres,
following two years of decline.5* By the end 2014, nearly 100
fuel stations in 16 states sold the blend E15 (15% fuel ethanol
and 85% petrol), and vehicle manufacturers were specifying
increasingly that their vehicles were compatible with ethanol
blends up to 15%.%5 To the north, Canada saw marginal increases
in production that have been attributed to improved operational
efficiency because domestic production capacity was not
expanded.®®

Production in Brazil was up 4% to 27 billion litres, nearly 88%
of which was consumed domestically.%” Brazil's 25% blend
mandate was increased to E27 in early 2015.%8 (< See Reference
Table R18.)

China’s production increased 5% in 2014, for a total of almost
3 billion litres.®® Ethanol blending in China ranges from 8% to
12%.7° In Thailand, production of fuel ethanol is being driven by
government subsidies that make ethanol blends (of 12—40%)
cheaper than other petrol, as well as an increasing number of
fuel stations that sell E20 and E85 blends.”* Some other Asian
countries experienced rapid growth during 2014, although
from low levels: for example, production increased 67% in the
Philippines and 46% in India.”?

Europe also saw a significant expansion in 2014, with ethanol
production up 13% over 2013 to 5.2 billion litres.” Most of the
increase occurred in Belgium (up 22%) and the Netherlands
(35%).7* Australia was one of the few countries to see a decrease
in fuel ethanol production in 2014. Production declined 16%
relative to 2013 as motorists shifted from E10 to higher octane
grades of petrol.”®

Although production levels remain small, several countries in
Africa support blends of roughly 10%, including Ethiopia (E10),
Kenya (10%), Malawi (varying between 10% and 20%), and
Zimbabwe (varying between 5% and 15%).7

Global production of biodiesel (most of which is FAME) increased
13% to 30 billion litres.”” The top producers were the United
States, which accounted for 16% of the global total, Brazil and
Germany (both with 11%), Indonesia (10%), and Argentina
(9.7%). Europe accounted for 39% of global biodiesel production
in2014.78

Europe produced 11.5 billion litres of biodiesel, up 9% relative
to 2013.7° US production (FAME) fell 5% relative to 2013, to
4.7 billion litres, due to policy uncertainty.® US production and
consumption of HVO also were up, although still at very low
volumes.8!
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Brazil’s blending mandate, which was raised from B5 to B7 in
2014, helped drive production increases, and output rose 17%
to 3.4 billion litres.®2 As with ethanol, most biodiesel produced
in Brazil is consumed domestically.®® To the south, Argentina’s
output increased by about 28% in response to national
incentives and to a 10% blend mandate.®

Biodiesel production in Asia was up substantially in 2014.
Indonesia led the region, with production up 41% to 3.1 billion
litres.®5 Malaysia’s production also increased significantly
(141%), although from comparatively low levels.®® In India,
biodiesel production declined slightly, despite the deregulation
of diesel prices, allowances for producers to sell directly to
end consumers, and initiatives for blending biodiesel in Indian
railways.®’

China’s biodiesel production rose 5% to 1.13 billion litres. This
increase was due largely to a crackdown on the illegal use
of recycled cooking oil for human consumption, which freed
substantial cooking oil feedstocks for biodiesel production.
Nonetheless, capacity utilisation in China is only 28% due to a
lack of large-scale collection of this feedstock.®® By the end of
2014, China had more than 50 biodiesel production plants with
a capacity of over 3.5 million tonnes (roughly 4 billion litres), and
many more facilities were under construction.®?

In Australia, biodiesel FAME production went the same direction
as ethanol. Only about 30% of the country’s production capacity
was in operation, with a total of 50 million litres produced during
the year. However, HVO production in Australia was up 33% to
20 million litres.®® Globally, HVO production increased 23%
in 2014, to 4 billion litres.®* Most HVO production is in the
Netherlands, the United States, and Singapore.®?

The use of biomethane' as a transport fuel is increasing as well.
The largest markets are in Europe, where roughly 10% of the
biomethane produced is used in the transport sector.®® Market
growth has been steady and, by 2014, was expected to exceed
1 TWhin Sweden, 0.55 TWh in Germany, and nearly 0.02 TWh in
Finland (up almost 15%).%* Italy supports a strong infrastructure
for natural gas-based vehicles (roughly 31% of all natural gas
refuelling stations in Europe are in Italy), and most Swedish cities
fuel their commuter bus fleets with locally produced biogas.®®

Important infrastructure changes to advance the use of bio-
methane are occurring in other regions as well. South Korea,
for example, supports six biomethane fuelling stations, and
600 buses in the country run on biomethane.®

I BIOENERGY INDUSTRY

The bioenergy industry includes feedstock suppliers and
processors; firms that deliver biomass to end-users; manu-
facturers 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).

Biomass industries were affected by a number of factors in
2014, including volumes of agricultural harvest (which affected
feedstock costs), trade measures, and public concerns related
to sustainability, especially in Europe. The most important
factors were crude oil prices and policies, which had mixed
effects on the industry in 2014. For example, in some countries,
biofuel blending mandates helped increase demand for biofuels,
whereas in others, policy uncertainty (particularly in Australia
and the United States) and discussions indicating a cap to be
placed on the percentages of biofuel that could come from food
crops in Europe had countering impacts.®”

The low crude oil price in the second half of 2014 reduced costs
associated with feedstock production and transport. However, it
reduced turnover for some actors in the supply chain, with some
businesses reporting 30% declines for the second half of the
year, and resulted in project suspensions.®®

Industry initiatives to address sustainability concerns continued
to operate 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 Qil); and by
fuel (e.g., the Renewable Fuels Association).®® Many bioenergy
companies continued to participate 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.

Bio-refining practices (producing co-products from biomass
feedstocks, such as chemicals and animal feeds) also continued.
In 2014, the United States counted some 213 biorefinery
facilities that were producing a range of co-products with
ethanol; another 100 were expanding or under construction.10°
Biorefineries also exist in many other countries. For example,
the Netherlands supports 5 commercial biorefineries and 12
demonstration and pilot facilities.1%

i - Biomethane has the same specifications and characteristics as natural gas and can be used in natural gas fleets (either in CNG- or LNG-compatible vehicles).
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Solid Biomass Industry

During 2014, a large number of companies was actively engaged
in supplying equipment and bioenergy plants that convert solid
biomass into upgraded fuels (mainly wood chips and pellets) and
then into heat and electricity.

Although the focus of sustainability criteria continued to be on
biofuels, there was some discussion related to solid biomass.
The European Commission confirmed that it would not publish
criteria for solid biomass, leaving this responsibility to individual
Member States. As of March 2015, the United Kingdom, the
Netherlands, and Denmark were the only nations to publish
sustainability criteria, although Germany and Belgium continued
to debate the matter.102

Roughly 1.9 billion m*% of wood fuel (roundwood and wood
chips—excluding wood residues from forest processing, black
liquor, or recovered wood waste) have been produced annually
in recent years, with only small annual increases. Most wood fuel
is produced in the Asia-Pacific region (41%) and Africa (35%),
with minor shares produced in Latin America, Europe, and North
America.l%*

Charcoal is used for cooking in many countries and by industries
such as steel in Brazil.®® (»See Reference Table R21.)
Charcoal production has increased roughly 9% since 2009.
Africa accounts for the bulk of production (61%) and is the only
region where production is increasing in both absolute and
relative terms.1% Increased use of charcoal for more-traditional
applications is due largely to the removal of subsidies for
liquefied petroleum gas (LPG), which has made charcoal a more
cost-competitive fuel in Nigeria, for example.1?’

In 2014, global production of wood pellets rose by 9% to just over
24 million tonnes, continuing a strong upwards trend.'°® (- See
Figure 10.) The main wood pellet-producing regions continued
to be Europe (roughly 62%) and North America (roughly 34%).
The top national producers were the United States (26% of total
production), Germany (10%), Canada (8%), Sweden (6%), and
Latvia (5%).109

The United States had an estimated 184 plants producing wood
pelletsin 2014.11° Enviva LP, German Pellets GmbH, and Biomass
Secure Power Inc. have the most wood pellet production
capacity in the country, although many smaller companies exist
as well.1! In Europe, the major operators of solid biomass power
plants include the Drax Group plc (UK), UPM/Pohjolan Volma
Oy (Finland), E.ON (Germany), Fortum (Finland), and Vattenfall
(Sweden).112

Torrefaction, which is a thermochemical treatment of biomass
that provides a product of a better fuel quality, also saw some
expansion in 2014. Solvay and New Biomass Energy (NBE)
launched a joint venture to expand a Mississippi plant that was
built and developed by NBE, with the goal of tripling the plant’s
production to 250,000 tonnes per year.!3

Liquid Biofuels Industry

Global investment in biofuels production capacity continued to
fall in 2014, down 8% from 2013 and reaching a near 10-year
low of USD 5.1 billion. Manufacturing capacity increases have
slowed in key markets, including Brazil, Europe, and the United
States. However, investment in biofuels in developing countries
(mostly China) grew 23% in 2014.114

Global prices of most key biofuel feedstocks declined in 2014.115
(= See Figure 11.) Relative to 2013, global prices fell for corn
(down 26%), soybean oil (-14%), palm oil (-4%), and sugar
(-4%); the exception was coconut oil.}¢ Feedstock generally
accounts for around 70% of production costs, with processing,
transportation, and other costs making up the remainder.tY’
Therefore, declining feedstock prices helped industry by
reducing overall production costs.

In 2014, most fuel ethanol was produced from sugar crops
(roughly 61%), with the remainder from grains (roughly 39%).118
Feedstocks vary significantly depending on the country or
region. For example, fuel ethanol production in the United States
is based largely on corn, whereas Brazil relies primarily on sugar
crops, and China on sweet sorghum, cassava, and other non-
grain crops.!t®

In the United States during 2014, corn production surpassed
378 million tonnes (14 billion bushels) for the first time, helping
to bolster US ethanol production.*? In Brazil, sugarcane harvests
recovered somewhat from a drought-induced drop in production
in 2013, rising by roughly 3% in 2014.21 However, informal
temporary mandates in place in 2014 (and subsequently
revoked) placed a cap on retail fuel pump prices, which had a
negative impact on the industry because the price that could be
charged for fuel ethanol did not match the costs of sugarcane
production, leading 12 (out of a total of 370) Brazilian sugar mills
to halt production.'??

Sugar crop supply constraints and competition for the crop
from chemical and beverage industries suppressed fuel ethanol
production in a number of countries, such as Malawi.}?® India
prohibits the use of refined sugar for ethanol production, relying
instead on molasses, a byproduct of sugar manufacturing.
Therefore, even a surplus of refined sugar during 2014 could not
compensate for the country’s shortage of sugar cane for ethanol
production.’?* In Thailand, tight supplies of molasses have
meant that cassava is being used increasingly as a feedstock.!?®

Some of the major players in the global ethanol industry in 2014
included: US producer Archer Daniels Midland (ADM), which
owns the five largest ethanol mills in the world and has a total
production capacity of 5 billion litres per year; Novozymes
(Denmark), which provides enzymes for about 60% of global corn
ethanol production; DuPont, which has most of the remaining
market; and Odebrecht Agroindustrial (Brazil), Abengoa
Bioenergy (Spain), and Henan Tianguan Group (China).1?¢

Global biodiesel production is based largely on vegetable oils,
mostly from rapeseed (Europe) and soybeans (United States,
Brazil, Argentina), with smaller shares from palm (Indonesia)
and other sources such as jatropha and coconut.’?” Biodiesel
production also includes industrial by-products such as used
cooking oils (the main feedstock in China) and animal fat. In
Europe, the relative share of cooking oil and tallow in biodiesel
production is increasing as EU policy allows these feedstocks to
be double-counted in transportation targets.!2®
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In the United States, the largest biodiesel production facility is
owned by RBF Port Neches LLC.??° Diester Industrie of France
was Europe’s largest biodiesel producer, with a capacity of 2.5
million tonnes (2.8 billion litres).13°

Constraints in biofuel production in 2014 (especially biodiesel)
included high production costs, unstable feedstock supplies
(e.g., in China), logistical challenges (e.g., high costs of inter-
island shipping in Indonesia), and policy uncertainty (e.g., in the
United States, Brazil, and Europe).!3!

US biodiesel producers began idling production in the face
of policy uncertainty, including a lapse of the US biodiesel
tax incentive (roughly USD 0.26/litre) and delays in the
announcement of renewable fuel standard volumes.!3? Qil price
declines and European import duties had a notable negative
effect on Argentina’s biodiesel export contracts.33 In China, only
20-25% of biodiesel production capacity was utilised due to
the shortage of feedstock supply, and in Australia, a number of
biodiesel plants closed.3*

In Europe, EU policy requires that every Member State obtain
10% of its transport fuel from renewable sources by 2020;

however, new legislation discussed over the course of 2014 and
likely to be implemented in 2015 would limit the contribution
of biofuels derived from sugars, starch, and oil crops due to
sustainability concerns, which are mainly about indirectland-use
change. This, in combination with amendments to some national
biofuel policies, has raised uncertainty among producers.!3®

Even as several conventional biofuel production facilities closed
their doors, several advanced biofuel production facilities came
on line in 2014. These included three new biorefineries using
cellulosic plant material (predominantly corn stover) in the
United States: POET-DSM, DuPont, and Abengoa.'3¢ In Brazil,
three commercial, second-generation biofuel projects started
operation: GranBio commercial cellulosic ethanol plant, Raizen/
logens plant, and Solazyme-Bunge plant.'3”

The advanced biofuels industry also faced challenges, however.
US-based Kior filed for bankruptcy and decommissioned its
commercial-scale cellulosic biofuel plant in Mississippi.’®® In
Europe, development of advanced biofuels has lagged due to the
lack of EU-wide policy support, although some Member States
have started to enact national policies (e.g., Italy announced a
mandate of 0.6% advanced biofuels by 2018).13°

Aviation biofuels made strong strides forward in 2014. In Europe
(Norway and Sweden), supplies of aviation biofuels at airports
became more readily available, and new contracts were signed
in the United States to begin supplies in the coming years.14°
In addition, some of the first commercial biofuel-based flights
were completed in Europe and Brazil.!! In the United States,
Boeing completed the world’s first flight using “green diesel”,
which is chemically distinct from the biodiesel used in ground
transportation.'#? In October 2014, a Chinese subsidiary of the
state-owned Sinopec Corp. partnered with Boeing to launch a
pilot project in Hangzhou, China that will turn used cooking oil
into an estimated 1.8 billion litres per year of jet fuel.43

Figure 11. Global Biofuel Feedstock Prices, 2005-2014, with 2014 by Month

USD / million tonnes
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Gaseous Biomass Industry

Worldwide manufacture and installation of residential, farm,
and community-scale biogas plants continued in 2014, as did
expansion of facilities 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 for power, transport, and
heat generation.

In Europe, biogas is derived from agricultural waste, manure,
and energy crops (accounting for 5.1 GW of power production
capacity), landfill gas (1.4 GW), and smaller amounts of sewage
sludge and other sources. Production capacities and feedstock
vary from country to country.’** Europe’s leading biogas
manufacturers are based in Germany and include Schmack
Biogas GmbH, MT-Energie, PlanET, and EnviTec.14®

Growth was particularly strong in the Czech Republic (+15%)
and the United Kingdom (+15.4%).146 The increase in UK biogas
productionwas due primarily to an increase in agricultural biogas
plants, from 39 to 62 plants (up 59%), driven largely by new
support schemes.**” By contrast, a German policy amendment!
that signaled a shift away from biogas-based bio-power has
raised concern that other EU countries and/or regional policy
may follow suit.14®

Europe is the world’s leading producer of biomethane, with
282 plants producing an estimated 9.4 TWh annually. Most
biomethane production plants are in Germany (154 plants),
Sweden (54 plants), and the Netherlands (23 plants).}° During
2014, 18 new production plants were completed.®°

Elsewhere in the world, biogas is produced primarily by landfill-
based plants or small-scale family digesters. The United States
has more than 170 anaerobic digesters on farms (100 MW),
1,500 digesters at wastewater treatment plants (250 of which
use the energy on site), and more than 560 landfill plants.!5!
In Brazil, six landfill plants are responsible for 68% of the
country’s biogas production; two industrial plants account for an
additional 26% share, and the remainder is produced by smaller
agricultural, bio-waste, and sewage plants.!%?

In Asia, China generated about 15 billion m®53 of biogas in 2014
(90 TWh of calorific energy).!®* India has an estimated 4.75
million family biogas digesters and 12 bio-CNG plants.!s5 In
South Korea, as of early 2014, a total of 82 biogas plants were
producing 2.58 TWh annually; just over half of the production was
from landfills (52%), with large contributions from sewage sludge
(37%) and bio-waste (food waste and digestible co-substrates)
(10%).154

Despite some small-scale attempts, there has been little
experience with biogas in Africa. Great distances, as well as
a lack of infrastructure and cultural uptake, have impeded
development.’®® Production of biomethane is rare in Africa,
but in 2014 Kenya began to construct its first grid-connected
biomethane plant, which was expected to begin producing
power in 2015.1%6

GEOTHERMAL POWER AND HEAT
GEOTHERMAL MARKETS

Geothermal resources provide energy in the form of electricity
anddirect heatingand cooling, totalling an estimated 528 PJ (147
TWh) in 2014.! Geothermal electricity generation is estimated to
be half of the total final geothermal output (74 TWh), with the
remainder representing direct use.i2 Some geothermal plants
produce both electricity and thermal output for various heat
applications.

Approximately 640 MW of new geothermal power generating
capacity was completed in 2014, bringing total global capacity
closeto 12.8 GW.3 Countries that added capacity in 2014 were (in
order of new capacity brought on line) Kenya, Turkey, Indonesia,
the Philippines, Italy, Germany, the United States, and Japan.*
(= See Figure 12.) Kenya accounted for more than half of new
installations. At the end of 2014, the countries with the largest
amounts of geothermal electric generating capacity were: the
United States (3.5 GW), the Philippines (1.9 GW), Indonesia (1.4
GW), Mexico (1.0 GW), New Zealand (1.0 GW), Italy (0.9 GW),
Iceland (0.7 GW), Kenya (0.6 GW), Japan (0.5 GW), and Turkey
(0.4 GW).5 (= See Figure 13.)

Global geothermal power generation in 2014 was 74 TWh.¢ Total
capacity in operation has grown at an average annualised rate of
3.6% for the last five years, while the average annualised growth
in generation has been lower, at 1.8%.” The global average
capacity factor (utilisation) for geothermal power production has
declined over this period, from about 71% in 2009 to about 66%
in 2014. Average capacity factors were notably above-average
in both Europe and Oceania, at around 80%, possibly explained
in part by newer-than-average plant fleets.® In addition to ageing
plants, reasons for lower capacity factors may include the
growing market share of binary'i plants, ageing geothermal fields
in some areas that have lower productive capacity than before,
and variations in the accuracy of stated plant capacity.®

Kenya added 358 MW in 2014, more than doubling its stock
to about 600 MW. Two 13 MW binary units were completed in
February, expanding the Olkaria lll complex to 110 MW.° The
140 MW Olkaria IV was commissioned in October, and two
more 70 MW units came on line at Olkaria | in December.!! Also
of note, five mobile wellhead power plants, totalling 52 MW of
capacity, began operations in 2014.12 These units are valued
for their ability to enable rapid deployment of geothermal power
resources.®

Turkey added an estimated 107 MW of geothermal generating
capacity in 2014, increasing its capacity by about a third to 0.4
GW. All the units added were binary units in the range of 6-26
MW each.** Turkey aims to deploy 1 GW of geothermal power by
2023.15

Indonesia increased its geothermal power capacity by about
5%, to 1.4 GW, as three new units came on line in 2014, the
largest being the 55 MW Patuha Unit 1.1¢ Licensing for new

i- Germany’'s amendment to the FIT sets a cap on new biogas power capacity, per Agata Przadka and Erneszt Kovacs, Biogas Report 2014 (Brussels:
European Biogas Association, 2014), http://european-biogas.eu/2014/12/16/4331/.

ii- This does not include the renewable final energy output of ground-source heat pumps, which was estimated at 325 PJ (90 TWh) in 2014.

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.



Renewable Energy
Policy Network
for the 21st Century
o~
E ~

GEOTHERMAL POWER

Figure 12. Geothermal Power Global Capacity Additions, Share by Country, 2014
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geothermal capacity in Indonesia has been held back by several
barriers, including fossil fuel subsidies in power generation and
unsustainably low payments for geothermal power in recent
years.' Restrictions on projects in protected forest areas, nature
reserves, and national parks may have played a role as well; at
the same time, the industry acknowledges the need to protect
the forest environment and hydrology to sustain geothermal
installations.'® To simplify the complex licensing requirements
for developing Indonesia’s 29 GW of potential, a new law was
enacted in 2014 to consolidate licensing under the central
government and to institute new pricing rules. The law also
reclassified geothermal development as outside the scope of
mining activity, thereby lifting restrictions on developing fields
within forest conservation areas, but also requiring developers
to share revenues with local communities.!®

After successful testing and grid-connection in 2013, the
Philippines began commercial operations at the 20 MW
Maibarara geothermal power plant in early 2014.2° Later in
the year, the 49.4 MW Nasulo facility was inaugurated, raising
the country’s total capacity to about 1.9 GW.2! The Renewable
Energy Act of 2008 is considered instrumental in paving the
way for recent and ongoing geothermal development, in part by
making investment more attractive.??

In Italy, two 20 MW units at the Bagnore 4 plant were operating
by year’s end. The plant joined forces with the 17-year-old 20 MW
Bagnore 3 at Mt. Amiata in Tuscany.?® Germany brought several
geothermal co-generation plants on line in Bavaria, all producing
power and heat, for a total addition of 18 MW/51 MW;;,.24

The United States and Japan each added a handful of binary
units of 2 MW or less.? Japan has the third largest geothermal
potential in the world, after the United States and Indonesia,
but it ranks only eighth in power generation, as little new
capacity growth has occurred for two decades. However,
government support for geothermal power has increased since
the 2011 nuclear disaster, and, as a result, industry had over 40
exploration and development projects running in 2014.2¢

The 166 MW Te Mihi plantwas completed in New Zealand in 2013
and was counted among additions for 2013 (= See GSR 2014.),
although this plant was not officially delivered until 2014.27 Its two
83 MW Toshiba turbines replaced some existing capacity at the
old Wairakei field for a net increase of approximately 115 MW.28

There is great anticipation for expanded geothermal activity
in East Africa, beyond Kenya. Ethiopia hopes to overcome
structural barriers and lack of funding to exploit its geothermal
resources to meet rapidly growing electricity demand.?®
Recently, Icelandic and Japanese development agencies have
provided assistance for new geothermal plans in Ethiopia, but
development has been slow, due not only to high upfront costs
and project risk but also to limited local technological capacity.3°
In 2014, the World Bank committed USD 200 million in funding
for development of Ethiopia’s Aluto and Alalobad geothermal
sites.3! In Djibouti, international development agencies are
helping to re-launch exploration and development, including a
50 MW development in the Asal-Fiale field.3?

The Central American market also shows promise.3® Honduras
continued development of the Platanares geothe