
152

A.T. Kearney and ESTELA (2010), Solar Thermal Electricity 2025, ESTELA, Brussels. www.estelasolar.eu/
index.php?id=22.

Ansar, A. (2014), “Should we build more large dams? The actual costs of hydropower megaproject 
development”, Energy Policy, Elseiver.

Argus Biomass Markets (2014), Weekly Biomass Markets News and Analysis, Argus, Issues 14-30.

Augustine C. (2011), Updated U.S. Geothermal Supply Characterization and Representation for Market 
Penetration Model Input, NREL, Boulder, CO.

Bhatia, et al. (2013), Challenges and Opportunities for the Biomass Fueled Distributed Generation Power 
Market in Brazil, University of Michigan, MI.

Blanco, M.I. (2009), “The economics of wind energy”, Renewable and Sustainable Energy Reviews, Elsevier, 
Vol. 13, Issues 6-7, pp. 1372-1382.

Bloomberg (2013), Brazilian Biomass, Hydropower Developers Biggest Auction Winners, Sao Paolo, Brazil.

Bloomberg (2014), European 2015 Power Prices Fall to a Record on Fuel Costs, New York.

BMWi (Federal Ministry for Economic Affairs and Energy) (2014), Erneuerbare-Energien-Gesetz 2014, 
BMWi, Berlin.

BNEF (Bloomberg New Energy Finance) (2014a), Q4 2014 Global PV Market Outlook, BNEF, London.

BNEF (2014b), Q3 2014 Global Wind Market Outlook, BNEF, London.

BNEF (2014c), H2 2014 Wind Turbine Price Index, BNEF, London.

BNEF (2014d), H1 2014 Wind Operations and Maintenance Price Index, BNEF, London.

BNEF (2014e), Renewable Power Projects Database, BNEF, London.

Borenstein (2012), “The Private and Public Economics of Renewable Electricity Generation”, Journal of 
Economic Perspectives, vol. 26, no. 1, pp. 67–92, Nashville.

BSW Solar (Bundesverband Solarwirtschaft) (2014), Solarstromspeicher in Deutschland, BSW Solar, Berlin.

Bundesnetzagentur (2014), EEG Saetze Oktober Dezember 2014, Bundesnetzagentur, Bonn.

Business Standard (2013), Mills in Karnataka refuse to pay increased price to sugarcane farmers, Business 
Standard, Bangalore.

www.business-standard.com/article/current-affairs/mills-in-karnataka-refuse-to-pay-increased-price-to-
sugarcane-farmers-113120401002_1.html.

Chabot, B. (2014), Analysis of the “Silent Wind Revolution” and some proposals to benefit from it within a 
large-scale deployment scenario, EWEA, Brussels.

REFERENCES



153RENEWABLE POWER GENERATION COSTS IN 2014

References

Cohen, G.E. (1999), Final Report on the Operation and Maintenance Improvement Program for Concentrating 
Solar Power Plants, SAND99-1290, Sandia National Laboratories, NM. 

Commission de Régulation de l’Energie (CRE) (2014), Coûts et rentabilité des énergies renouvelables en 
France métropolitaine. Éolien terrestre, biomasse, solaire photovoltaïque, CRE, Paris.

CPUC (California Public Utilities Commission) (2014), California Solar Initiative, CPUC, LA. www.
gosolarcalifornia.ca.gov.

CWEA (Chinese Wind Energy Association) (2014), Personal communication with the authors.

DECC (Department of Energy and Climate Change) (2014), Small scale solar PV cost data, DECC, London.

DEWA (Dubai Electricity and Water Authority) (2014), Tender results for 100 MW solar PV, DEWA, Dubai. 
www.dewa.gov.ae.

Douglas-Westwood (2010), Offshore Wind Assessment in Norway, The Research Council of Norway, Oslo.

E.ON CLIMATE & RENEWABLES (EC&R) (2013), E.ON Wind Turbine Technology and Operations Factbook, 
EC&R, Essen.

www.eon.com/content/dam/eon-content-pool/eon/company-asset-finder/company-profiles/ecr/2013-
09_E.ON_Wind_Turbine_Technology_Factbook.pdf.

ECN (Energy Research Centre of the Netherlands), (2011), Properties of the O&M cost estimator, ECN, 
Petten. 

Ecofys, Fraunhofer ISI, TU Vienna EEG and Ernst & Young (2011), Financing Renewable Energy in the 
European Energy Market: Final Report, Ecofys, Utrecht.

ENS (Danish Energy Agency) (2014), Danish Register of Wind Turbines, ENS, Copenhagen.

EPIA (European Photovoltaic Industry Association) (2014), Global Market Outlook for Photovoltaics 2014-
2018, EPIA, Brussels.

EPIA and the Photovoltaic Technology Platform (2011), Solar Europe Industry Initiative Implementation 
Plan 2010-2012, EPIA, Brussels.     

EREC (European Renewable Energy Council) and Greenpeace (2010), Energy [R]evolution, EREC/
Greenpeace, Brussels.

EuPD Research/BDEW (2013), Status Quo - Storage systems and PV in a global context, EuPD Research, 
Stuttgart.

EWEA (European Wind Energy Association) (2009), The Economics of Wind Energy, EWEA, Brussels.

EWEA (2014), The European offshore wind industry - key trends and statistics 1st half 2014, EWEA, 
Brussels.

Fernandez, et al. (2011), Market risk premium used in 56 countries in 2011: A survery with 6 104 answers, 
IESE Business School, University of Navarra.

Fichtner (2010), Technology Assessment of CSP Technologies for a Site Specific Project in South Africa 
Final Report, The World Bank and ESMAP, Washington D.C.



154

Frank W. Norris Foundation (2014), Cost Factors in Harvesting and Transporting Woody Biomass, Frank W. 
Norris Foundation, Athens. 

www.extension.org/pages/70339/cost-factors-in-harvesting-and-transporting-woody-biomass#.
VLP1xmSUd5x.

Fraunhofer ISE (2014), Photovoltaics Report, Fraunhofer ISE, Freiburg.

Geothermal Technologies Program (GTP) (2008), Geothermal Tomorrow 2008, DOE-GO-102008-2633, 
Geothermal Technologies Program of the U.S. Department of Energy, Washington, D.C.

German CSP Association (2014), Data provided for the IRENA Concentrating Solar Power Technology Brief, 
Germany.

GlobalData (2014), Power Generation Technologies Capacities, Generation and Markets Database; 
GlobalData, London.

Grubb Michael (1991), Value of variable sources on power systems, IEE Proceedings of Generation, 
Transmission, and Distribution 138(2) 149-165.

GSE (2014), GSE data contributed to the IRENA Renewable Costing Alliance, GSE, Rome.

Greentech Media Research (GTM) (2013), PV Technology and Cost Outlook, 2013-2017, GTM, MA.

GTM (2014), PV Pulse March 2014, GTM, MA.

GWEC (Global Wind Energy Council) (2014), Global Wind Report: Annual Market Update 2013, GWEC, 
Brussels.

Hamidi, et al. (2011), Value of wind power at different locations in the grid, IEEE Trans Power 2011; 26 
(2):526e37.

Hance, C.N. (2005), Factors Affecting Costs of Geothermal Power Development, Geothermal Energy 
Association, for the U.S. Department of Energy, Washington, D.C.

Hines, V.A. et al. (2013), Continuous Reliability Enhancement for Wind (CREW) Database: Wind Plant 
Reliability Benchmark, Sandia National Laboratories Report, NM.

Hinkley, J. et al. (2011), Concentrating Solar Power-Drivers and Opportunities for Cost-competitive 
Electricity, CSIRO, Victoria.

Hirth et al. (2015), “Integration costs revisited–An economic framework for wind and solar variability”, 
Renewable Energy, vol 74, 925-939.

Holttinen, Hannele, Peter Meibom, et al. (2011), “Impacts of Large Amounts of Wind Power on Design and 
Operation of Power Systems, Results of IEA Collaboration.”, Wind Energy, 14 (2): 179–92.

IEA (International Energy Agency) (2010), Energy Technology Perspectives: Scenarios and Strategies to 
2050, IEA/OECD, Paris.

IEA (2014a), The Power of Transformation - Wind, Sun and the Economics of Flexible Power Systems, IEA/
OECD, Paris.

IEA (2014b), Technology Roadmap: Solar Thermal Electricity, IEA/OECD, Paris.



155RENEWABLE POWER GENERATION COSTS IN 2014

References

IEA PVPS (2014), 2013 National Survey Reports, IEA PVPS. See www.iea-pvps.org.

IEA Wind (2011), Task26 : Multinational case study of financial cost of wind energy, work package 1, final 

report , IEA Wind Energy Systems.

IEA Wind (2014), IEA Wind: 2014 Annual Report, IEA Wind Energy Systems.

ICOLD (International Commission on Large Dams) (2014), The World Register of Dams, ICOLD, Paris.

IPCC (2011), IPCC Special Report on Renewable Energy Sources and Climate Change Mitigation, IPCC, 

Geneva.

IPCC (2013), IPCC Special Report on Renewable Energy Sources and Climate Change Mitigation, IPCC, 

Geneva.

IRENA (International Renewable Energy Agency) (2012a), Renewable Energy Technologies: Costs Analysis 

Series, Biomass for Power, Volume 1, IRENA, Bonn.

IRENA (2012b), Renewable Energy Technologies: Costs Analysis Series, Concentrating Solar power, 

Volumes 2, IRENA,  Bonn.

IRENA (2012c), Renewable Energy Technologies: Costs Analysis Series, Hydropower, Volume 3, IRENA, 

Bonn.

IRENA (2012d), Renewable Energy Technologies: Costs Analysis Series, Solar Photovoltaic, Volumes 4, 

IRENA, Bonn.

IRENA (2012e), Renewable Energy Technologies: Costs Analysis Series, Wind Power, Volume 5, IRENA, 

Bonn.

IRENA (2013a), Renewable Power Generation Costs in 2012: An Overview, IRENA, Bonn.

IRENA (2013b), Road Transport : The cost of renewable solutions, IRENA, Bonn.

IRENA (2014a), IRENA Renewable Cost Database, IRENA, Bonn.

IRENA (2014b), REmap 2030 A renewable energy roadmap, Bonn.

IRENA (2015), Renewable Power Generation’s Contribution to Reducing Electricity Tariffs on Islands: The 

Potential in Tonga, IRENA, Abu Dhabi.

Jorgenson, et al. (2014), Estimating the Value of Utility-Scale Solar Technologies in California under a 40% 

Renewable Portfolio Standard, NREL.

Katzenstein, W. and J. Apt (2012), “The Cost of Wind Power Variability”, Energy Policy, 51: 233–43.

Kolb, G.J., C.K. Ho, T.R. Mancini, J.A. Gary (2011), “Power Tower Technology Roadmap and Cost Reduction 

Plan”, Sandia National Laboratories, Alburqurque, NM.

Lawrence Berkeley National Laboratory (LBNL) (2014), Tracking the Sun VII, LBNL, CA.

Liebreich, M. (2011), Bloomberg New Energy Finance Summit: Keynote Presentation, BNEF, London.



156

MAKE Consulting (2011), Wind Turbine Trends Balancing Technology & Cost to Secure Profitable Growth, 

MAKE Consulting, Research Note, Aarhus.

MAKE Consulting (2012), Global Wind Power O&M: Service segmentation evolving as installed base matures, 

MAKE Consulting, Research Note, Aarhus.

MAKE Consulting (2013), Global Wind Turbine Trends 2012: Lowering the Levelized Cost of Electricity, 

MAKE Consulting, Research Note, Aarhus.

Milligan, Michael, and Brendan Kirby. (2009), Calculating Wind Integration Costs: Separating Wind Energy 

Value from Integration Cost Impacts, NREL Technical Report TP-550-46275.

Milligan, Michael, Erik Ela, Bri-Mathias Hodge, et al. (2011), “Integration of Variable Generation, Cost-

Causation, and Integration Costs”, The Electricity Journa,l 24 (9): 51–63.

Mott MacDonald (2011), Costs of Low-Carbon Generation Technologies, Committee on Climate Change, 

London.

Navigant Consulting Inc. (2013), Offshore Wind Market and Economic Analysis, Annual Market Assessment 

prepared for U.S. Department of Energy, Navigant Consulting Inc., MA.

NREL (National Renewable Energy Laboratory) (2012), Renewable Electricity Futures Study: Volume 2, 

NREL, Golden, CO.

NREL (2013), Energy Analysis: International Trade of Wood Pellets, Golden, CO.

NREL (2014), Open EI Solar PV datasets, NREL, CO.

NREL, SolarPACES (2014), Concentrating Solar Power Projects Database, NREL. www.nreal.gov/csp/

solarpaces.

Office of the economic adviser, Ministry of Commerce and Industry (2014), Bagasse Yearly Wholesale Price 

Index, Ministry of Commerce and Industry, New Delhi. www.eaindustry.nic.in/display_data.asp.

Oxera Consulting (2011), Discount rates for low-carbon and renewable generation technologies, OXERA, 

Oxford.

Photon Consulting (2014), Data from Photon Consulting’s Demand subscription, Photon Consulting, USA.

Portal PCH (2014), Com preço em alta, aumenta ritmo de geração nas usinas de biomassa, Portal PCH, 

Schroeder.

www.portalpch.com.br/noticias-e-opniao/noticias-gerais-do-segmento/3038-08-04-2014-com-preco-

em-alta-aumenta-ritmo-de-geracao-nas-usinas-de-biomassa.html.

Pudjianto et al. (2013), Grid Integration Cost of Photovoltaic Power Generation. Direct Costs Analysis related 

to the Grid Impacts of Photovoltaics, PV Parity Project, Imperial College London, London.

PV Magazine (2014), Key technology and equipment take-aways from EU PVSEC, PV Magazine, www.pv-

magazine.com

pvXchange (2014), pvXchange market price data, pvXchange, Cologne.



157RENEWABLE POWER GENERATION COSTS IN 2014

References

REFTI (Renewable Energy Financing Tracking Initiative) (2011), 2H 2011 supporting spreadsheet, NREL, 
CO.

REFTI (2012), Renewable Energy Finance Tracking Initiative (REFTI) Solar Trend Analysis, NREL, CO. 

REN21 (2014), Renewables 2014 Global Status Report, REN21, Paris.

Sims, et al. (2011), Integration of Renewable Energy into Present and Future Energy Systems, IPCC Special 
Report on Renewable Energy Sources and Climate Change Mitigation, Cambridge, United Kingdom and 
New York.

Sinclair, Knight & Merz (2009), Assessment of Current Costs of Geothermal Power Generation in New 
Zealand (2007 Basis), New Zealand Geothemal Association, Wellington.

Trieb, et al. (2009), Global Potential of Concentrating Solar Power, DLR, Stuttgart.

Turchi, et al. (2010a), Current and future costs for parabolic trough and power tower systems in the US 
market, NREL, Boulder, CO.

Turchi, et al. (2010b), Parabolic Trough Reference Plant for Cost Modeling with the Solar Advisor Model, 
NREL, Boulder, CO.

Ueckerdt, et al. (2013), “System LCOE: What are the costs of variable renewables?”, Energy, 63, 61-75.

UNIDO and ICSHP (2014), World Small Hydro Development Report 2013, UNIDO and ICSHP, Vienna and 
Hangzhou.

United States Department of Energy (US DOE) (2011), US Billion-Ton Update: Biomass Supply for a 
Bioenergy and Bioproducts Industry, prepared by Oak Ridge National Laboratory, Oak Ridge, TN.

United States Energy Information Administration (US EIA) (2015), Spot prices for crude oil and petroleum 
products, US EIA, D.C. www.eia.gov.

WHO (World Health Organization) (2008), The Global Burden of Disease: 2004 Update, WHO, Geneva.

Wiser, R. H. & M. Bollinger (2014), 2013 Wind Technologies Market Report, LBNL, CA.

World Bank (2015), GEM Commodities database, World Bank Group, D.C.

World Wind Energy Association (WWEA) (2014), World Wind Energy Report 2013, WWEA, Bonn.



158

AC	 Alternating current

ARA	 Amsterdam, Rotterdam, Antwerp

a-Si	 Amorphous crystalline

BFB	 Bubbling fluidised bed

BIGCC	 Biomass integrated gasification 			 

	 combined cycle

BNEF	 Bloomberg New Energy Finance

BOP	 Balance of plant

BoS	 Balance of system

CAPEX	 Capital expenditure

CdTe	 Cadmium-Telluride

CFB	 Circulating fluidised bed

CHP	 Combined heat and power

CIGS	 Copper-Indium-Gallium-Diselenide

CIS	 Copper-Indium-Selenide

CO2	 Carbon dioxide

CPUC	 California Public Utilities Commission

CPV	 Concentrating photovoltaic

c-Si	 Crystalline silicon

CSP	 Concentrating solar power

DC	 Direct current

DNI	 Direct normal irradiance

DOE	 Department of Energy

DSG	 Direct steam generation

EPA	 Environmental Protection Agency

EPC	 Engineering, procurement and 			 
	 construction

EU	 European Union

FiT	 Feed-in tariff

GIZ	 Deutsche Gesellschaft für  
	 Internationale Zusammenarbeit (GIZ) 		
	 GmbH (The International Cooperation 		
	 Agency of Germany)

GJ	 Gigajoule

GW	 Gigawatt

HCE	 Heat collection elements

HTF	 Heat transfer fluid

IEA	 International Energy Agency

ISP	 Independent service provider

kW	 Kilowatt

kWh	 Kilowatt hour

LCOE	 Levelised cost of electricity
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Glossary

LFC	 Linear Fresnel collectors

li-ion	 Lithium-ion

mc-Si	 Multi-crystalline silicon

MENA	 Middle East and North Africa region

MW	 Megawatt

NASA	 National Aeronautics and Space 			 

	 Administration (US)

NEA	 National Energy Administration

NOx	 Oxides of nitrogen

NREL	 National Renewable Energy 			 

	 Laboratory (US)

O&M	 Operations and maintenance

OECD	 Organisation for Economic  

	 Co-operation and Development

OEM	 Original equipment manufacturer

OPEX	 Operations expenditure

PM	 Particulate matter

PPA	 Power purchase agreement

PPP	 Public-private partnership

PTC	 Parabolic trough collectors

PV	 Photovoltaic

R&D	 Research and development

SCADA	 Supervisory, control and data 			 
	 acquisition

Sc-Si	 Single crystalline silicon

SEGS	 Solar energy generating system

SO2	 Sulphur dioxide

uc-Si	 Micromorph silicon

US	 United States

USD	 United States dollars

WACC	 Weighted average cost of capital

WHO	 World Health Organization

WTPI	 Wind turbine price index
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