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Renewable energy is
rapidly becoming a
preferred “mainstream”
energy source.
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FIGURE 1

Renewables are best able to meet demand for reliable, affordable and
environmentally responsible energy
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Source: Deloitte analysis.
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B Top market with both solar and wind capacity
Only wind capacity ™ Both solar and wind capacity
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Source: Map based on IRENA, Renewable Capacity Statistics 2018; LCOE comparison based on Lazard,

Levelized cost of energy analysis—version 11.0, November 2017.

Solar and wind capacity below 1 MW
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*Of the top markets, Japan is the only
country that hasn't reached parity

LCOE comparison (in §/MWh)
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FIGURE 3
Top onshore wind and solar
PV markets
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Note: Unit = GW
Source: IRENA, Renewable capacity statistics 2018.
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Renewables have not been as difficult
or costly to integrate as anticipated.
What's more, they have demonstrated
an ability to strengthen grid resilience
and reliability and provide essential
grid services.
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FIGURE 4

Three quarters of the top 20 US solar and wind states have

electricity prices below the US national average
All states have below-average electricity prices except for Massachusetts, California,

New York, New Jersey, and Kansas

M Top solar state M Top wind state

Average retail electricity price (c/kWh): = Below national average
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Note: The average retail price per kWh is 10.41 cents.

Source: GTM Research and SEIA, US solar market insight, 2017 year in review, 2018, p. 8; American Wind Energy Association,
“Wind energy in the United States,” 2018; US Energy Information Administration, “State electricity profiles,” January 25, 2018

(data for 2016).
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1. The LCOE is the $/MWh measure of power generation costs that accounts for the capital costs, operations and
maintenance costs, capacity factors and fuel costs of a given technology, averaged over its lifetime. It enables
an apples-to-apples cost comparison of different energy resources. Lazard, Levelized Cost of Energy Analysis,
Version 11.0, November 2017, p. 2 https://www.lazard.com/media/450337/lazard-levelized-cost-of-energy-
version-110.pdf

2. Lazard, Levelized Cost of Energy Analysis, Version 11.0, November 2017, p. 2 https://www.lazard.com/me-
dia/450337/lazard-levelized-cost-of-energy-version-110.pdf

3. Calculated from IRENA Renewable Capacity Statistics 2018 http://irena.org/publications/2018/Mar/Renewable-
Capacity-Statistics-2018. China (161,420), USA (87,514), Germany (50,469), India (32,878), Spain (22,983), France
(13,111), Brazil (12,294), UK (12,973) and Canada (12,313).

4. CSIS, BNEF's New Energy Outlook 2018 https://www.csis.org/events/bnefs-new-energy-outlook-2018 (for China,
India and the US); Canadian Wind Energy Association https://canwea.ca/about-canwea/ (for Canada); EIA, Level-
ized Cost and Levelized Avoided Cost of New Generation Resources in the Annual Energy Outlook, p.5 https://
www.eia.gov/outlooks/aeo/pdf/electricity_generation.pdf (for the US); France Energie Eolienne https://fee.asso.
fr/wp-content/uploads/2018/05/livret_fee_ppe_2018_web2.pdf?x11062 (for France); Fraunhofer ISE, Levelized
Cost of Electricity, Renewable Energy Technologies, March 2018, p. 22 https://www.ise.fraunhofer.de/content/
dam/ise/en/documents/publications/studies/EN2018_Fraunhofer-ISE_LCOE_Renewable_Energy_Technologies.
pdf (for Germany); GTM Research Presentation: The Transformation of Solar and the Future of Energy https://
www.greentechmedia.com/squared/read/watch-solar-summit-2018-live-on-may-1-2#gs.0mwNxFM (for the US);
IRENA, Renewable Power Generation Costs in 2017 (for Brazil, Canada, China, France, Germany, India, Spain, UK
& USA), p. 111 http://irena.org/publications/2018/Jan/Renewable-power-generation-costs-in-2017; UK Depart-
ment for Business, Energy & Industrial Strategy, Electricity Generation Costs, November 2016 https://assets.
publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/566567/BEIS_Electric-
ity_Generation_Cost_Report.pdf (for the UK)

5. DOE, 2016 Wind Technologies Market Report, p. 64 https://www.energy.gov/sites/prod/files/2017/08/f35/2016_
Wind_Technologies_Market_Report_0.pdf

6. REN21,Renewables 2018 Global Status Report, p.122 http://www.ren21.net/wp-content/uploads/2018/06/17-8652_
GSR2018_FullReport_web_final_.pdf

7. Lazard, Levelized Cost of Energy Analysis, Version 11.0, November 2017 https://www.lazard.com/media/450337/
lazard-levelized-cost-of-energy-version-110.pdf

8. BNEF, “How Japan is Planning to Cut Sky-High Solar Costs”, Chisaki Watanabe, November 20, 2017,
https://about.bnef.com/blog/how-japan-is-planning-to-cut-sky-high-solar-costs-quicktake-qga/
According to BNEF data, only Indonesia and Namibia surpass Japan in cost.

9. CSIS, BNEF's New Energy Outlook 2018 https://www.csis.org/events/bnefs-new-energy-outlook-2018; Solar-
PowerEurope; Global Market Outlook for Solar Power / 2018-2022, p. 55 http://www.solarpowereurope.org/
global-market-outlook-2018-2022/. The latter date is the Japanese Photovoltaic Energy Association estimate and
Japanese government target.



http://www.hibor.com.cn/

A

SR BERRES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Berkeley Lab Electricity Markets & Policy Group, CapEx, LCOE, and PPA Prices for PV Projects https://emp.lbl.gov/
capex-lcoe-and-ppa-prices-pv-projects

Total investment cost, or total installed cost, covers all project development costs, including financing/
capital costs. (REN21, Renewables 2018 Global Status Report, p.122 http://www.ren21.net/wp-content/up-
loads/2018/06/17-8652_GSR2018_FullReport_web_final_.pdf; IRENA, Renewable Power Generation Costs in
2017, p. 23 http://irena.org/publications/2018/Jan/Renewable-power-generation-costs-in-2017

IRENA, Renewable Power Generation Costs in 2017, p. 17 (for biomass, geothermal and hydro) http://irena.
org/publications/2018/Jan/Renewable-power-generation-costs-in-2017; Lazard, Summary Findings of Lazard's
2017 Levelized Cost of Energy Analysis (for coal and nuclear) https://www.lazard.com/media/450436/rehcd3.jpg
CSIS, BNEF's New Energy Outlook 2018 https://www.csis.org/events/bnefs-new-energy-outlook-2018; GTM Re-
search Presentation: The Transformation of Solar and the Future of Energy https://www.greentechmedia.com/
squared/read/watch-solar-summit-2018-live-on-may-1-2#gs.0mwNxFM

Bloomberg, “Fossilfuels squeezed by plunge in costof renewables, BNEF says”,JeremyHodges, March 28,2018 https://
www.bloomberg.com/news/articles/2018-03-28/fossil-fuels-squeezed-by-plunge-in-cost-of-renewables-bnef-says

GTM, A deep dive into European solar in the post-FIT era: what does ‘stable growth’ look like?, Stephen Lacey,
July 6 2018 https://www.greentechmedia.com/squared/read/european-solar-in-the-post-fit-era-bigger-cheaper-
and-more-stable#gs.SyACwHU (for Europe); BNEF, “How Japan is Planning to Cut Sky-High Solar Costs”, Chisaki
Watanabe, November 20, 2017, https://about.bnef.com/blog/how-japan-is-planning-to-cut-sky-high-solar-costs-
quicktake-qa/ (for Japan); GTM, “China takes a step closer to grid parity with the introduction of wind auctions”
https://www.greentechmedia.com/articles/read/china-takes-a-step-closer-to-grid-parity-with-the-introduction-
of-wind-auct#gs.CijsiUE (for China)

REN21,Renewables 2018 Global Status Report, p. 94 & 115
http://www.ren21.net/wp-content/uploads/2018/06/17-8652_GSR2018_FullReport_web_final_.pdf

IRENA, VAISALA Global Wind and Solar Datasets https://irena.masdar.ac.ae/gallery/#map/543 ; Bloomberg,
“Solar and wind just passed another big turning point”, Tom Randall https://www.bloomberg.com/news/
articles/2015-10-06/solar-wind-reach-a-big-renewables-turning-point-bnef

CSIS, BNEF's New Energy Outlook 2018 https://www.csis.org/events/bnefs-new-energy-outlook-2018; The Wall
StreetJournal,“Globalinvestmentinwindandsolarenergyisoutshiningfossilfuels”,RussellGold,June11,2018https://
www.wsj.com/amp/articles/global-investment-in-wind-and-solar-energy-is-outshining-fossil-fuels-1528718400

Lazard, Levelized Cost of Energy Analysis, Version 11.0, November 2017, p. 2 https://www.lazard.com/me-
dia/450337/lazard-levelized-cost-of-energy-version-110.pdf

UK (7,514), Germany (5,407), China (2,641) and Denmark (1,292).

Fraunhofer ISE, Levelized Cost of Electricity, Renewable Energy Technologies, March 2018, p. 22 https://www.
ise.fraunhofer.de/content/dam/ise/en/documents/publications/studies/EN2018_Fraunhofer-ISE_LCOE_Renew-
able_Energy_Technologies.pdf; GTM, “Offshore wind reaches cost-competitiveness without subsidies”, Jeff St.
John, June 8, 2017 https://www.greentechmedia.com/articles/read/offshore-wind-reaches-cost-competitive-
ness-without-subsidies#gs.wtmiqC8

Danish Energy Agency, levelized cost of energy calculator https://ens.dk/en/our-responsibilities/global-
cooperation/levelized-cost-energy-calculator; GTM, “Offshore wind reaches cost-competitiveness without
subsidies”, Jeff St. John, June 8, 2017 https://www.greentechmedia.com/articles/read/offshore-wind-reaches-
cost-competitiveness-without-subsidies#gs.wtmiqC8

UK Department for Business, Energy & Industrial Strategy, Electricity Generation Costs, November 2016, p. 29
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/566567/
BEIS_Electricity_Generation_Cost_Report.pdf

Bloomberg, “Fossil fuels squeezed by plunge in cost of renewables, BNEF says”, Jeremy Hodges, March 28, 2018
https://www.bloomberg.com/news/articles/2018-03-28/
fossil-fuels-squeezed-by-plunge-in-cost-of-renewables-bnef-says
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S&P Market Intelligence, “Offshore wind in the Untied States: the current and future landscape”, June 6, 2018
https://ofchq.snl.com/Cache/9665775CD0394151445.PDF?CachePath=%5c%5cdmzdoc1%5cwebcache%24%5¢
&T=&0=PDF&Y=&D=; Lawrence Berkeley National Laboratory, “Estimating the Value of Offshore Wind Along the
United States’ East Coast, April 2018, p. 4 https://emp.lbl.gov/publications/estimating-value-offshore-wind-along

REN21,Renewables 2018 Global Status Report, p.122 http://www.ren21.net/wp-content/up-
loads/2018/06/17-8652_GSR2018_FullReport_web_final_.pdf

Bloomberg, “Fossil fuels squeezed by plunge in cost of renewables, BNEF says”, Jer-

emy Hodges, March 28, 2018 https://www.bloomberg.com/news/articles/2018-03-28/
fossil-fuels-squeezed-by-plunge-in-cost-of-renewables-bnef-says

Calculated from IRENA Renewable Capacity Statistics 2018
http://irena.org/publications/2018/Mar/Renewable-Capacity-Statistics-2018

REN21,Renewables 2018 Global Status Report, p.122 http://www.ren21.net/wp-content/uploads/2018/06/17-8652_
GSR2018_FullReport_web_final_.pdf; Lazard, Levelized Cost of Energy Analysis, Version 11.0, November 2017, p. 2
https://www.lazard.com/media/450337/lazard-levelized-cost-of-energy-version-110.pdf

IRENA, Renewable Power Generation Costs in 2017, p. 56
http://irena.org/publications/2018/Jan/Renewable-power-generation-costs-in-2017

Bloomberg New Energy Finance, Lithium-ion Battery Price Survey. Lithium-ion battery prices fell by almost a
quarter last year alone. Bloomberg, “How batteries went from primitive power to global domination”, Brian Eck-
house, Dimitrios Pogkas and Mark Chediak, 13 June 2018 https://www.bloomberg.com/news/articles/2018-06-13/
how-batteries-went-from-primitive-power-to-global-domination; National Renewable Energy Lab, “Evaluating
the technical and economic performance of PV plus storage plants”, Paul Denholm, Josh Eichman and Robert
Margolis, August 2017, p. 20 https://www.nrel.gov/docs/fy170sti/68737.pdf

BNEF, “Global storage market to double six times by 2030", 20 November 2017 https://about.bnef.com/blog/
global-storage-market-double-six-times-2030/; IRENA, “Battery storage for renewables: market status and
technology outlook”, January 2015, p. 32 http://www.irena.org/documentdownloads/publications/irena_bat-
tery_storage_report_2015.pdf

GTM, “Lightsource: no more solar bids without energy storage west of the Colorado”, Julian Spector, 7 May 2018
https://www.greentechmedia.com/articles/read/lightsource-solar-bids-energy-storage-west-of-the-colorado#gs.
SV=K4Dw

BNEF, “Utilities seevalueinstorage alongside PV, and will pay”, 12 June 2017 https://about.bnef.com/blog/utilities-see-
value-storage-alongside-pv-will-pay/; UtilityDive,"HowcanTusconElectricgetsolar+storagefor4.5c/kWh?”,Peter Malo-
ney, 30 May 2017 https://www.utilitydive.com/news/how-can-tucson-electric-get-solar-storage-for-45kwh/443715/
GTM, “Nevada's 2.3-cent bid beats Arizona’s record-low solar PPA price”, Julian Spector, 12 June 2018 https://www.
greentechmedia.com/articles/read/nevada-beat-arizona-record-low-solar-ppa-price; GTM, “Breaking down the
numbers for Nevada's super-cheap solar-plus-storage”, Julian Spector, 15 June 2018 https://www.greentechme-
dia.com/squared/read/breaking-down-the-numbers-for-nevadas-super-cheap-solar-plus-storage#gs.pr7cTIg
GTM, “Xcel attracts ‘unprecedented’ low prices for solar and wind paired with storage”, Jason Deign, 8 January 2018
https://www.greentechmedia.com/articles/read/record-low-solar-plus-storage-price-in-xcel-solicitation#gs.
hug4NS8

Assuminga gas price of $5/MMBtu. Rocky Mountain Institute, “The economics of clean energy portfolios”, Mark Dys-
on, Alexander EngelandJamil Farbes, May 2018 https://rmi.org/insight/the-economics-of-clean-energy-portfolios/

CSIS, BNEF's New Energy Outlook 2018 https://www.csis.org/events/bnefs-new-energy-outlook-2018

The New York Times, “California will require solar power for new homes”, Ivan Penn, 9 May 2018 https://www.
nytimes.com/2018/05/09/business/energy-environment/california-solar-power.html
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WoodMackenzie, “US residential energy storage soars in Q1, home solar stays flat”, 11 June 2018 https://www.
woodmac.com/our-expertise/focus/Power--Renewables/u.s.-energy-storage-monitor-q2-2018/

Institute for Local Self-Reliance, “Reverse Power Flow", John Farrell, July 2018, p. 2 https://ilsr.org/wp-content/
uploads/2018/07/Reversing-the-Power-Flow-ILSR-July-2018.pdf; REN21,Renewables 2018 Global Status Report,
p. 94 http://www.ren21.net/wp-content/uploads/2018/06/17-8652_GSR2018_FullReport_web_final_.pdf

SolarPower Europe, Global market outlook for solar power / 2018- 2022, p. 72 http://www.solarpowereurope.
org/global-market-outlook-2018-2022/; RenewEconomy, “Australia added 1.3 GW of solar in 2017, and could
treble it in 2018" https://reneweconomy.com.au/australia-added-1-3gw-solar-2017-treble-2018/

The IEArefers to these as phase 1 and 2 issues. International Energy Agency, “Status of Power System Transforma-
tion 2018: Advanced Power Plant Transformation”, May 2018, p. 21 https://doi.org/10.1787/9789264302006-en

The IEA refers to these as phase 3 and 4 issues.

International Energy Agency, “Status of Power System Transformation 2018: Advanced Power Plant Transforma-
tion”, May 2018, p. 9, p. 36 & pp. 44-52 https://doi.org/10.1787/9789264302006-en; International Energy Agency,
“Denmark 2017 in review”, 2017, p. 158 http://www.iea.org/publications/freepublications/publication/EnergyPol-
iciesof[EACountriesDenmark2017Review.pdf

International Energy Agency, “Large-scale electricity interconnection”, 2016, pp. 12-15 https://www.iea.org/publi-
cations/freepublications/ publication/Interconnection.pdf

California 1SO, “Exploring a regional independent system operator”, http://www.caiso.com/informed/Pages/
RegionalEnergyMarket.aspx

International Energy Agency, “Status of Power System Transformation 2018: Advanced Power Plant Transforma-
tion”, May 2018, p. 24, pp. 83-84, https://doi.org/10.1787/9789264302006-en; Wind power helped decrease the
severity of most of MISO North's steepest ramps in 2017. GTM, “Forget the duck curve. Renewables integration
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of North and South Carolina primarily reflect the effects of Hurricane Matthew. The states with the highest SAIFI
rates are Maine, Alaska, Louisiana and West Virginia; the states with the lowest SAIFI rates are Nevada, Arizona,
New York (among the top 20 solar and wind states) and Nebraska (a top 20 wind market). U.S. Energy Informa-
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