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Cost of Energy Comparison, Including Levelized Cost of Energy (LCOE) - 2016 Update
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There must be numerous ways to compare cost of technologies for generation, storage and delivery of
energy. The most widely used measure for this purpose for this purpose has been Levelized Cost of
Energy (LCOE). LCOE is also known as LEC (Levelized Energy Cost), LUEC (Levelized Unit Energy Cost), or
busbar cost. LRMC (Long-Run Marginal Cost) is a similar but different measure, although it is often
presented by LCOE due to LCOE’s characteristics being a proxy of LRMC.

| have been updating this list since April 2010. However, there are many critics of using LCOE as a means
of comparing the economics of electricity generation technology options (The most notable summary of
those criticism: Hirth, L., Ueckerdst, F., & Edenhofer, O. (2015). Integration costs revisited — An economic
framework for wind and solar variability. Renewable Energy, 74, 925-939. [Full-text at
http://dx.doi.org/10.1016/j.renene.2014.08.065]). In this new list for 2016, | tried to include a variety of
cost comparison metrics, while continuing to provide extensive references for LCOE.

I. Cost of Every Power Technology

Alberici, S. et al. (2014). Subsidies and Costs of EU energy. (DESNL14583). Utrecht, The Netherlands:
Ecofys. [Full-text at http://j.mp/EU-LCOE] | Component cost breakdown for each country at
http://j.mp/EU-LCOE-Component]

The Australian Academy of Technological Sciences and Engineering. (2011). New Power Cost
Comparisons: Levelised Cost of Electricity for a Range of New Power Generating

Technologies. Melbourne, Australia: The Australian Academy of Technological Sciences and Engineering
(ATSE) [Full-text at http://j.mp/11Sk1j]

Bedilion, R. (2013). Program on Technology Innovation: Integrated Generation Technology Options
2012. Palo Alto, CA: Electric Power Research Institute (EPRI). [Full-text at http://j.mp/EPRI2012]

Black & Veatch. (2012). Cost and Performance Data for Power Generation Technologies: Prepared for
the National Renewable Energy Laboratory. Overland Park, KS: Black & Veatch Corporation. [Full-text
at http://j.mp/BV_LCOE]

Bloomberg New Energy Finance. (2013). Quarterly Clean Energy Policy & Market Briefings. New York,
NY: Bloomberg New Energy Finance. [Full-text at http://j.mp/BNEF_Q]


http://energy-ecology.blogspot.com/
http://dx.doi.org/10.1016/j.renene.2014.08.065
http://j.mp/EU-LCOE
http://j.mp/EU-LCOE-Component
http://j.mp/l1Sk1j
http://j.mp/EPRI2012
http://j.mp/BV_LCOE
http://j.mp/BNEF_Q

Bloomberg New Energy Finance. (2016). Sustainable Energy in America: 2016 Factbook. New York, NY:
Bloomberg Finance; Washington, DC: The Business Council for Sustainable Energy. [Full-text at
http://j.mp/BNEF_LCOE_2016]

Bureau of Resources and Energy Economics (BREE). (2013). Australian Energy Technology Assessment
(AETA) 2013 Model Update. Canberra, Australia: Bureau of Resources and Energy Economics (BREE).
[Full-text at http://j.mp/AETA2013]

Channell, J., Jansen, H. R., Syme, A. R., Savvantidou, S., Morse, E. L., Yuen, A. (2013). Energy Darwinism:
The Evolution of the Energy Industry. Citi GPS: Global Perspectives & Solutions. New York, NY: Citigroup.
[Full-text at http://j.mp/Citi_LCOE]

Climatescope. (2015). Climatescope 2015: The Clean Energy Country Competitiveness Index. Multilateral
Investment Fund (MIF), UK Department for International Development (DFID), Power Africa, &
Bloomberg New Energy Finance (BNEF). [Full-text and data at http://j.mp/ClimateScope2015]

Committee on America’s Energy Future. (2009). America’s Energy Future: Technology and
Transformation. Washington, DC: The National Academies Press. [Full-text at http://bit.ly/8ZsYVM]

Committee on Climate Change. (2015). Power Sector Scenarios for the Fifth Carbon Budget. London, UK:
Committee on Climate Change. [Full-text at http://j.mp/UK_LCOE; Data at http://j.mp/UK_LCOE_XLS]

Danish Energy Agency. (2015). Levelized Cost of Energy Calculator. Copenhagen, Denmark: Danish
Energy Agency. [Full-text at http://j.mp/LCOE_Calculator; Spreadsheet at
http://j.mp/LCOE_Calculator_XLSM]

Department of Energy & Climate Change. (2013). Electricity Generation Costs (December 2013). London,
UK: Department of Energy & Climate Change. [Full-text at http://j.mp/DECC_LCOE2013]

Electricity Generation Costs Verification Working Group (Japan). (2015). Electricity Generation Costs
Verification Report for the Long-Term Energy Supply and Demand Outlook Subcommittee (RH] T R JL
F—FEHRRBEL/NRERICHT S HKEI R MEDRIEIZEET 5%k%S). Tokyo, Japan: Agency for
Natural Resources and Energy. [Full-text at http://j.mp/Japan_LCOE_2015]; Power plant specifications at
http://j.mp/lapan_Specs_2015]

Energy and Environment Conference, & Electricity Generation Costs Verification Committee (Japan).
(2011). Electricity Generation Costs Verification Report. Tokyo, Japan: National Policy Unit, Cabinet
Secretariat. [Full-text at http://j.mp/Japan_LCOE; Summary chart at http://j.mp/Japan_LCOE_Summary;
Excel spreadsheet at http://j.mp/lapan_LCOE_XLS]

Energy Information Administration. (2015). Levelized Cost and Levelized Avoided Cost of New
Generation Resources in the Annual Energy Outlook 2015. Washington, DC: Energy Information


http://j.mp/BNEF_LCOE_2016
http://j.mp/AETA2013
http://j.mp/Citi_LCOE
http://j.mp/ClimateScope2015
http://bit.ly/8ZsYVM
http://j.mp/UK_LCOE
http://j.mp/UK_LCOE_XLS
http://j.mp/LCOE_Calculator
http://j.mp/LCOE_Calculator_XLSM
http://j.mp/DECC_LCOE2013
http://j.mp/Japan_LCOE_2015
http://j.mp/Japan_Specs_2015
http://j.mp/Japan_LCOE
http://j.mp/Japan_LCOE_Summary
http://j.mp/Japan_LCOE_XLS

Administration. [Full-text at http://j.mp/AE02015_LCOE]

European Commission. (2008). Commission staff working document accompanying the communication
from the Commission to the European Parliament, the Council, the European Economic and Social
Committee and the Committee of the Regions - Second Strategic Energy Review : an EU energy security
and solidarity action plan - Energy Sources, Production Costs and Performance of Technologies for
Power Generation, Heating and Transport. SEC(2008) 2872. Brussels, Belgium: European Commission.
[Full-text at http://j.mp/9BST2r]

Freese, B., Clemmer, S., Martinez, C., & Nogee, A. (2011). A Risky Proposition: The Financial Hazards of
New Investments in Coal Plants. Cambridge, MA: Union of Concerned Scientists. [Full-text
at: http://j.mp/Risky_Proposition; Appendix A (LCOE) at http://j.mp/UCS_LCOE]

Flirstenwerth, D. (2014). Calculator of Levelized Cost of Electricity for Power Generation Technologies.
Berlin, Germany: Agora Energiewende. [Excel spreadsheet at http://j.mp/Agora_LCOE]

Google.org. (2011). The Impact of Clean Energy Innovation: Examining the Impact of Clean Energy
Innovation on the United States Energy System and Economy. [Full-text at http://j.mp/Google_CEl]

Greenstone, M., & Looney, A. (2011). A Strategy for America’s Energy Future: llluminating Energy’s Full
Costs. Washington, DC: The Brookings Institution. [Full-text at http://j.mp/mqgEXUQ]

Intergovernmental Panel on Climate Change. (2014). Working Group Il Contribution to the IPCC Fifth
Assessment Report, Climate Change 2014: Mitigation of Climate Change. Geneva,

Switzerland: Intergovernmental Panel on Climate Change. [Full-text at http://mitigation2014.org (Find in
Chapter 7: Energy Systems.)]

International Energy Agency. (2014). The Power of Transformation: Wind, Sun and the Economics of
Flexible Power Systems. Paris, France: IEA Publications. [Full-text at
http://dx.doi.org/10.1787/9789264208032-en]

International Energy Agency. (2015). Energy Technology Perspectives 2015: Mobilising Innovation to
Accelerate Climate Action. Paris, IEA Publications. [Full-text
at http://dx.doi.org/10.1787/20792603 | Executive Summary | Tracking Clean Energy Progress 2015]

International Energy Agency, & Nuclear Energy Agency. (2010). Projected Costs of Generating Electricity
- 2010 Edition. Paris, France: OECD Publications. [Full-text at http://j.mp/IEA2010LCOE]

International Energy Agency, & Nuclear Energy Agency. (2015). Projected Costs of Generating Electricity
- 2015 Edition. Paris, France: OECD Publications. [Full-text at http://dx.doi.org/10.1787/cost_electricity-
2015-en; Corrigendum at http://j.mp/IEA2015LCOE_Corrigendum; Executive summary
at http://j.mp/IEA2015LCOE_ES | Presentation slides at http://j.mp/IEA2015LCOE_PPT]


http://j.mp/AEO2015_LCOE
http://j.mp/9BST2r
http://j.mp/Risky_Proposition
http://j.mp/UCS_LCOE
http://j.mp/Agora_LCOE
http://j.mp/Google_CEI
http://j.mp/mqEXUQ
http://mitigation2014.org/
http://dx.doi.org/10.1787/9789264208032-en
http://dx.doi.org/10.1787/20792603
http://www.iea.org/Textbase/npsum/ETP2015SUM.pdf
http://www.iea.org/etp/tracking2015/
http://j.mp/IEA2010LCOE
http://dx.doi.org/10.1787/cost_electricity-2015-en
http://dx.doi.org/10.1787/cost_electricity-2015-en
http://j.mp/IEA2015LCOE_Corrigendum
http://j.mp/IEA2015LCOE_ES
http://j.mp/IEA2015LCOE_PPT

Joskow, P. L. (2011). Comparing the Costs of Intermittent and Dispatchable Electricity Generating
Technologies. EUI Working Paper RSCAS (Robert Schuman Centre for Advanced Studies), 2011/45.
Fiesole, Italy: European University Institute. [Full-text at http://j.mp/Joskow_EUI]

Kaplan, S. (2008). Power Plants: Characteristics and Costs. CRS Report for Congress, RL34746.
Washington, DC: Congressional Research Service. [Full-text at http://bit.ly/d7M0Ja]

Kichler, S., & Meyer, B. (2012). The full costs of power generation: A comparison of subsidies and
societal cost of renewable and conventional energy sources. Hamburg, Germany: Greenpeace Energy
eG; Berlin, Germany: Bundesverband WindEnergie (BWE; German Wind Energy Association). [Full-text
at http://j.mp/Full_Costs]

Lazard Ltd. (2015). Lazard’s Levelized Cost of Energy Analysis—Version 9.0. New York, NY: Lazard Ltd.
[Full-text at http://j.mp/Lazard_LCOE_ver9]

Liebreich, M., Zindler, E., Tringas, T., Gurung, A., & von Bismarck, M. (2011). Green Investing 2011:
Reducing the Cost of Financing. Geneva, Switzerland: World Economic Forum. [Full-text
at http://j.mp/BNEF_WEF_2011]

Matsuo, Y., Yamaguchi, Y., & Murakami, T. (2013). Historical Trends in Japan’s Long-Term Power
Generation Costs by Source: Assessed by Using Corporate Financial Statements. Tokyo, Japan: The
Institute of Energy Economics, Japan (IEEJ). [Full-text at http://j.mp/JP_Gen_Cost]

Mott MacDonald. (2011). Costs of low-carbon generation technologies. London, UK: Committee on
Climate Change. [Full-text at http://j.mp/jhy39d]

National Renewable Energy Laboratory. (2013). Levelized Cost of Energy Calculator. Golden, CO:
National Renewable Energy Laboratory. [Website at http://j.mp/LCOE_Calc]

National Renewable Energy Laboratory. (2013). Transparent Cost Database: Generation. Golden, CO:
National Renewable Energy Laboratory. [Data at http://en.openei.org/apps/TCDB/]

Nitsch, J. et al. (2012). Langfristszenarien und Strategien fir den Ausbau der Erneuerbaren Energien in
Deutschland bei Beriicksichtigung der Entwicklung in Europa und Global (Long-term scenarios and
strategies for the deployment of renewable energies in Germany in view of European and global
developments). Stuttgart, Berlin: Federal Ministry for the Environment, Nature Conservation and
Nuclear Safety. [Full-text at http://j.mp/German_LCOE; Technical annex at
http://j.mp/German_LCOE_Annex; Data at http://j.mp/German_LCOE_XLS]

Parsons Brinckerhoff. (2013). Electricity Generation Cost Model - 2013 Update of Non-Renewable
Technologies. London, UK: Department for Energy and Climate Change. [Full-text

at http://j.mp/UK_NonRE_LCOE]

Paul Scherrer Institut. (2010). Sustainable Electricity: Wishful thinking or near-term reality? Energie-


http://j.mp/Joskow_EUI
http://bit.ly/d7M0Ja
http://j.mp/Full_Costs
http://j.mp/BNEF_WEF_2011
http://j.mp/JP_Gen_Cost
http://j.mp/jhy39d
http://j.mp/LCOE_Calc
http://en.openei.org/apps/TCDB/
http://j.mp/German_LCOE
http://j.mp/German_LCOE_Annex
http://j.mp/German_LCOE_XLS
http://j.mp/UK_NonRE_LCOE

Spiegel: Facts for the Energy Decisions of Tomorrow, 20. Villigen, Switzerland: Paul Scherrer
Institut. [Full-text at http://gabe.web.psi.ch/pdfs/Energiespiegel_20e.pdf]

Pourreza, S. et al. (2014). Evolving Economics of Power and Alternative Energy. New York, NY: Citi
Research. [Full-text at http://j.mp/Citi_LCOE_2014]

Poyry. (2013). Technology Supply Curves for Low-Carbon Power Generation: A Report to the Committee
on Climate Change. Oxford, UK: P6yry Management Consulting. [Full-text
at http://j.mp/LowCarbonLCOE]

Rhyne, L., Klein, J., & Neff, B. (2015). Estimated Cost of New Renewable and Fossil Generation in
California. (CEC-200-2014-003-SF). Sacramento, CA: California Energy Commission. [Full-text at
http://j.mp/CEC_LCOE]

Schréder, A., Kunz, F., Meiss, J., Mendelevitch, R., & von Hirschhausen, C. (2013). Current and
prospective costs of electricity generation until 2050. (Data Documentation, No. 68). Berlin, Germany:
Deutsches Institut fiir Wirtschaftsforschung (DIW Berlin; the German Institute for Economic Research).
[Full-text at http://j.mp/DIW_LCOE]

Siemens Wind Power. (2014). SCOE — Society’s costs of electricity: How society should find its optimal
energy mix. Erlangen, Germany: Siemens AG. [Full-text at http://j.mp/Siemens_SCOE]

Sullivan, P. et al. (2015). 2015 Standard Scenarios Annual Report: U.S. Electric Sector Scenario
Exploration. Golden, CO: National Renewable Energy Laboratory. [Website for the "Annual Technology
Baseline (ATB) and Standard Scenarios" http://j.mp/ATB_NREL; Full-text at http://j.mp/ATB_2015; Excel
spreadsheet at http://j.mp/ATB_XLS]

U.S. Department of Energy. (2015). Quadrennial Technology Review: An Assessment of Energy
Technologies and Research Opportunities. Washington, DC: U.S. Department of Energy. [Full-text at
http://j.mp/QTR_2015]

Veiga, M. M., Alvarez, P. F., Moraleda, M. F.-M., & Kleinsorge, A. (2013). Study on Cost and Business
Comparison of Renewable vs. Non-renewable Technologies (RE-COST). Utrecht, The Netherlands: IEA -

Renewable Energy Technology Deployment (RETD). [Full-text at http://j.mp/RE-COST]

World Energy Council, & Bloomberg New Energy Finance. (2013). World Energy Perspective: Cost of
Energy Technologies. London, UK: World Energy Council. [Full-text at http://j.mp/WEC_LCOE]

Il. Cost of Renewable Power

[I-1. Renewable Power Cost Comparison
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