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217 “Drax great biomass carbon capture experiment”, Bioenergy 
Insight, 24 June 2019, https://www.bioenergy-news.com/news/
draxs-great-biomass-carbon-capture-experiment.

218 Midland Paper, “CO2 Solutions begins commissioning of its 
carbon capture unit at the Resolute Pulp Mill in Saint-Félicen, 
Quebec”, 20 March 2019, https://www.midlandpaper.com/co2-
solutions-begins-commissioning-of-its-carbon-capture-unit-at-
the-resolute-pulp-mill-in-saint-felicen-quebec.
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GEOTHERMAL POWER AND HEAT
1 Estimates based on the following sources: power capacity data 

for Iceland, Japan and New Zealand from International Energy 
Agency (IEA) Geothermal, 2019 Country Reports (Taupo, New 
Zealand: February 2020), http://iea-gia.org/publications-2/
annual-reports; power capacity data for Indonesia, the Philippines, 
Turkey and the United States from sources noted elsewhere in 
this section; capacity data for other countries from International 
Renewable Energy Agency (IRENA), Renewable Capacity Statistics 
2020 (Abu Dhabi: 2020), https://www.irena.org/-/media/Files/
IRENA/Agency/Publication/2020/Mar/IRENA_RE_Capacity_
Statistics_2020.pdf; additional capacity data by country from 
Renewable Energy Network for the 21st Century (REN21), 
Renewables 2019 Global Status Report (Paris: 2019), http://www.
ren21.net/gsr_2019_full_report_en; estimated electricity generation 
in 2019 of 95 TWh from G. W. Huttrer, “Geothermal power 
generation in the world 2015-2020 update report”, Proceedings 
World Geothermal Congress 2020, forthcoming, https://www.
geothermal-energy.org/pdf/IGAstandard/WGC/2020/01017.pdf; 
and 93.6 TWh from Organisation for Economic Co-operation and 
Development (OECD) and IEA, Market Report Series – Renewables 
2019, Databook (Paris: 2019). Heat capacity and output from J. 
W. Lund and A. N. Toth, “Direct utilization of geothermal energy 
2020 worldwide review”, Proceedings World Geothermal Congress 
2020, forthcoming, https://www.geothermal-energy.org/pdf/
IGAstandard/WGC/2020/01018.pdf.  

2 End-2018 capacity data and capacity additions in 2019 from 
sources in endnote 1. 

3 Capacity additions in 2019 by country from sources noted 
elsewhere in this section.

4 Ibid. Figure 24 based on end-2018 capacity data and capacity 
additions in 2019 from sources in endnote 1 and sources noted 
elsewhere in this section. For the purpose of this figure, end-2018 
capacity is assumed to be equal to end-2019 capacity less new 
capacity installed (or capacity expansion) during 2019.

5 End-2018 capacity data from sources in endnote 1; capacity 
additions in 2019, by country, from sources noted elsewhere in 
this section. Figure 25 from idem.

6 Net summer capacity from US Energy Information Administration 
(EIA), Electric Power Monthly, February 2020, Table 6.2.B, https://
www.eia.gov/electricity/monthly; nameplate capacity from US 
EIA, “Form EIA-860M (Preliminary Monthly Electric Generator 
Inventory)”, December 2019, https://www.eia.gov/electricity/data/
eia860m; US Department of Energy (DOE), Office of Scientific 
and Technical Information (OSTI), “GeoVision: Harnessing the 
heat beneath our feet” (Oak Ridge, TN: June 2019), p. 24 (footnote 
34), https://www.energy.gov/eere/geothermal/downloads/
geovision-harnessing-heat-beneath-our-feet. 

7 See REN21, Renewables Global Status Report (Paris: 2017-2019 
editions), https://www.ren21.net/reports/global-status-report/.

8 Capacity of 1,514.7 MW and 54 plants at end-2019, and 48 
plants and 1,282.5 MW at end-2018, from Turkish Electricity 
Transmission Company (TEİAŞ), http://www.teias.gov.tr, viewed 
March 2020; for earlier additions, see REN21, op. cit. note 1. 

9 A. Richter, “Celikler Holding has brought the 32 MW unit 6 
addition to its Pamukören geothermal power plant complex 
in Turkey”, ThinkGeoEnergy, 10 June 2019, https://www.
thinkgeoenergy.com/new-32-mw-pamukoren-unit-6-geothermal-
plant-brought-online-in-turkey.

10 MASPO, “Maspo Enerji Ala-2 JES Üretime Başladı”, 5 October 
2019, http://www.maspoenerji.com/?Syf=26&Syz=687323&/
Maspo-Enerji-Ala-2-JES-%C3%9Cretime-
Ba%C5%9Flad%C4%B1; “Maspo’nun 2’inci Faz Jeotermal Yatırımı 
‘ALA-2’ Elektrik Satışına Başladı!” Enerji Gazetesi, 7 October 2019, 
https://www.enerjigazetesi.ist/2inci-faz-jeotermal-enerji-yatirimi-
ala-2-elektrik-satisina-basladi. 

11 Capacity of 1,514.7 MW and 54 plants at end-2019, and 48 plants 
and 1,282.5 MW at end-2018, from TEİAŞ, op. cit. note 8.

12 See REN21, op. cit. note 7; E. B. Erşen, “Turkey’s renewable energy 
sector to continue enjoying European financier EBRD support”, 
Daily Sabah, 26 February 2020, https://www.dailysabah.com/
business/energy/turkeys-renewable-energy-sector-to-continue-
enjoying-european-financier-ebrd-support.

13 “Milyar Dolarlık Jeotermal Yatırımı YEKDEM’i Bekliyor”, Enerji 
Gazetesi, 20 June 2019, https://www.enerjigazetesi.ist/milyar-
dolarlik-jeotermal-yatirimi-yekdemi-bekliyor; A. Richter, “IGC 

Turkey highlights optimism for geothermal energy”, World 
Energy, 13 November 2019, https://www.world-energy.org/
article/3842.html; E. Şengül, “Turkey to boost geothermal 
using support mechanisms”, Anadolu Agency, 12 November 
2019, https://www.aa.com.tr/en/energy/invesments/
turkey-to-boost-geothermal-using-support-mechanisms/27343.

14 “Milyar Dolarlık Jeotermal Yatırımı YEKDEM’i Bekliyor”, op. cit. 
note 13. 

15 “Jeotermalde Kurulu Güç Geçen Yıl Sonu İtibarıyla 1,525 MW’a 
Ulaştı!” Enerji Gazetesi, 16 February 2020, https://www.
enerjigazetesi.ist/jeotermalde-kurulu-guc-gecen-yil-sonu-
itibariyla-1525-mwa-ulasti.

16 H. Bintepe, “The local fightback against geothermal power”, 
Inside Turkey, 16 January 2020, https://insideturkey.
news/2020/01/16/the-local-fightback-against-geothermal-
power; E. Yilmaz and M. A. Kaptan, “Environmental impact 
of geothermal power plants in Aydın, Turkey”, E3S Web of 
Conferences, vol. 19, no. 2027 (October 2017), https://doi.
org/10.1051/e3sconf/20171902028; T. O. Balaban, A. Bülbül 
and G. Tarcan, “Review of water and soil contamination in and 
around Salihli geothermal field (Manisa, Turkey)”, Arabian Journal 
of Geosciences, vol. 10, no. 523 (2017), https://doi.org/10.1007/
s12517-017-3299-z; S. Derya, “Jeotermalin etkileri uluslararasi 
raporlarla aydinlanacak”, Jesder, 7 July 2019, https://jesder.org/
jeotermalin-etkileri-uluslararasi-raporlarla-aydinlanacak.

17 “Türkiye’de Jeotermal Enerji Alanında Rekor Büyüme ve Sorunlar”, 
Enerji Gazetesi, 21 September 2019, https://www.enerjigazetesi.ist/
turkiye-de-jeotermal-enerji-alaninda-rekor-buyume-ve-sorunlar.

18 S. Akin, Y. Orucu and T. Fridriksson, “Characterizing the declining CO2 

emissions from Turkish geothermal power plant”, Proceedings of 
the 45th Workshop on Geothermal Reservoir Engineering, Stanford 
University, Palo Alto, CA, 10-12 February 2020, https://pangea.
stanford.edu/ERE/db/GeoConf/papers/SGW/2020/Akin.pdf.

19 Ibid.
20 Capacity at year-end 2018 and 2019 from Indonesian 

Ministry of Energy and Mineral Resources (ESDM), “Bahan 
Kementerian ESDM: Capaian kinerja 2019 dan program 
2020” (Jakarta: 9 January 2020), https://drive.esdm.go.id//
wl/?id=65ffAEWB5lyEIkXdFUxhtTaJrSWecPc0.

21 ESDM, “PLTP Lumut Balai Unit 1 Ditargetkan COD Agustus 
2019”, 2 July 2019, https://www.esdm.go.id/id/berita-unit/
direktorat-jenderal-ebtke/pltp-lumut-balai-unit-1-ditargetkan-
cod-agustus-2019; ESDM, “Tahun 2019, Kapasitas Pembangkit 
Listrik EBT Capai 10 Ribu MW”, 9 January 2020, https://www.
esdm.go.id/id/berita-unit/direktorat-jenderal-ebtke/tahun-
2019-kapasitas-pembangkit-listrik-ebt-capai-10-ribu-mw; 
ESDM, “Upaya Gigih Pengembangan Panas Bumi, PLTP Muara 
Laboh Kini Beroperasi”, 19 February 2020, https://www.esdm.
go.id/id/berita-unit/direktorat-jenderal-ebtke/upaya-gigih-
pengembangan-panas-bumi-pltp-muara-laboh-kini-beroperasi.

22 ESDM, “PLTP Sorik Marapi, Proyek Panas Bumi 
Berdurasi Tercepat”, 14 February 2020, https://www.
esdm.go.id/id/berita-unit/direktorat-jenderal-ebtke/
pltp-sorik-marapi-proyek-panas-bumi-berdurasi-tercepat.

23 World Bank, “Indonesia: Scaling up geothermal energy by 
reducing exploration risks”, press release (Washington, DC: 26 
September 2019), https://www.worldbank.org/en/news/press-
release/2019/09/26/indonesia-scaling-up-geothermal-energy-
by-reducing-exploration-risks.

24 V. N. Setiawan, “Tahun ini pemerintah Kerjakan pengeboran di 
tiga wilayah panas bumi”, Katadata, 25 September 2019, https://
katadata.co.id/berita/2019/09/25/tahun-ini-pemerintah-kerjakan-
pengeboran-di-tiga-wilayah-panas-bumi; “Ministry of Finance 
encourages geothermal energy exploration”, Antara News, 18 
September 2019, https://en.antaranews.com/news/133032/
ministry-of-finance-encourages-geothermal-energy-exploration.

25 World Bank, op. cit. note 23.
26 ESDM, Handbook of Energy & Economic Statistics of Indonesia 

(Jakarta: January 2019), https://www.esdm.go.id/assets/media/
content/content-handbook-of-energy-and-economic-statistics-
of-indonesia-2018-final-edition.pdf. 

27 National Energy Council, Indonesia Energy Outlook 2019 (Jakarta: 
2019), p. 49, https://www.esdm.go.id/assets/media/content/
content-indonesia-energy-outlook-2019-english-version.pdf.

28 Japan Oil, Gas and Metals National Corporation (JOGMEC), 
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“Start of full-scale operation of Matsuo Hachimantai Geothermal 
Power Station”, press release (Tokyo: 29 January 2019), http://
www.jogmec.go.jp/news/release/news_10_000302.html (using 
Google Translate).

29 Ibid.; JOGMEC, “Large-scale geothermal power plant starts 
operation for the first time in 23 years”, press release (Tokyo: 
20 May 2019), http://www.jogmec.go.jp/news/release/
news_03_000027.html (using Google Translate).

30 JOGMEC, op. cit. note 29; Toshiba, “Wasabizawa Geothermal 
Power Plant for which Toshiba Energy Systems & Solutions 
constructed power generation system goes into operation”, 
press release (Kawasaki, Kanagawa: 20 May 2019), https://www.
toshiba-energy.com/en/info/info2019_0520.htm.

31 JOGMEC, “About the adoption result of ‘Research on resource 
amount of geothermal power generation project cost subsidy 
project’”, press release (Tokyo: 25 December 2019), http://www.
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HYDROPOWER
1 Global capacity based on International Hydropower Association 

(IHA), Hydropower Status Report (London: 2020), https://www.
hydropower.org/sites/default/files/publications-docs/2020_
hydropower_status_report_-_28_may_2020.pdf, and on IHA, 
personal communications with Renewable Energy Policy Network 
for the 21st Century (REN21), April 2020. At end-2019, total installed 
capacity was 1,308 GW, less 158 GW of pumped storage. See IHA, 
2020 Hydropower Status Report (London: 2020), https://www.
hydropower.org/sites/default/files/publications-docs/2020_
hydropower_status_report_-_28_may_2020.pdf.

2 Country data from IHA, op. cit. note 1, and from the following 
sources: China: total capacity including pumped storage 
of 356.40 GW, capacity additions of 4.17 GW, utilisation and 
investment from China National Energy Administration (NEA), 
2019 energy statistics, 20 January 2020, http://www.nea.gov.
cn/2020-01/20/c_138720881.htm, and from China Electricity 
Council (CEC), 2019 electricity and other energy statistics, 21 
January 2020, http://www.cec.org.cn/guihuayutongji/tongjxinxi/
niandushuju/2020-01-21/197077.html; generation of 1,304.44 
TWh and annual growth of 5.9% from National Bureau of Statistics 
of China, “Statistical communiqué of the People’s Republic of 
China on the 2019 national economic and social development”, 
press release (Beijing: 28 February 2020), http://www.stats.gov.
cn/english/PressRelease/202002/t20200228_1728917.html. 
Total capacity including pumped storage of 356.4 GW, pumped 
storage capacity of 30.3 GW and hydropower capacity of 326.1 
GW; capacity additions (excluding pumped storage) of 3.9 GW; 
and pumped storage additions of 0.3 GW from IHA, op. cit. note 
1. Brazil: 4,950.9 MW (4,754.74 MW large-scale hydro, 184.14 
MW small-scale hydro and 12 MW very small-scale hydro) added 
in 2019, from National Agency for Electrical Energy (ANEEL), 
“Acompanhamento da expansão da oferta de geração de energia 
elétrica”, http://www.aneel.gov.br/acompanhamento-da-
expansao-da-oferta-de-geracao-de-energia-eletrica, updated 
February 2020, from ANEEL, “Informações gerenciais”, http://
www.aneel.gov.br/informacoes-gerenciais, and from ANEEL, 
“Sistema de informações de geração da ANEEL – SIGA”, https://
www.aneel.gov.br/siga; year-end capacity of 109.03 GW from 
IHA, op. cit. note 1; generation of 418 TWh from National Electrical 
System Operator of Brazil (ONS), “Geração de energia”, http://
www.ons.org.br/Paginas/resultados-da-operacao/historico-da-
operacao/geracao_energia.aspx, viewed March 2020. United 
States: capacity from US Energy Information Administration 
(EIA), Electric Power Monthly with Data for December 2019 
(Washington, DC: February 2020), Tables 6.2.B and 6.3, http://
www.eia.gov/electricity/monthly; generation from idem, Table 
1.1. Canada: capacity and generation from IHA, op. cit. note 1. 
Russian Federation: capacity and generation from System 
Operator of the Unified Energy System of Russia, Report on the 
Unified Energy System in 2019 (Moscow: 31 January 2020), http://
www.so-ups.ru/fileadmin/files/company/reports/disclosure/2020/
ups_rep2019.pdf. India: installed capacity in 2019 (units larger 
than 25 MW) of 40,614 MW (plus 4,786 MW of pumped storage) 
from Government of India, Ministry of Power, Central Electricity 
Authority (CEA), “Hydro reports”, December 2019, http://www.cea.
nic.in/monthlyarchive.html; installed small-scale (<25 MW) hydro 
capacity of 4,672 MW, net installed capacity expansion in 2019 of 
154 MW and generation for plants larger than 25 MW (153 TWh) 
based on idem, “Installed capacity” and “Generation reports”, 
viewed March 2020; output from hydro plants smaller than 25 
MW (9 TWh) from idem, “Renewable energy generation report”, 
viewed March 2020. Norway: generation from Statistics Norway, 
“Elektrisitet”, https://www.ssb.no/statbank/list/elektrisitet, 
viewed March 2020; capacity from Norwegian Water Resources 
and Energy Directorate (NVE), “Ny kraftproduksjon“, https://
www.nve.no/energiforsyning/kraftmarkedsdata-og-analyser/
ny-kraftproduksjon/?ref=mainmenu, viewed March 2020; 
additions of 134 MW and year-end capacity of 31.2 GW from 
IHA, op. cit. note 1. Figure 26 based on capacity and generation 
sources provided in this note.

3 Estimated global hydropower generation and decrease from IHA, 
op. cit. note 1; share of estimated global generation from sources 
in endnote 210 of Global Overview chapter.

4 Capacity values by country from sources provided in endnote 2 
and from IHA, op. cit. note 1. Figure 27 based on idem.

5 REN21, Renewables Global Status Report (Paris: various years), 
https://www.ren21.net/reports/global-status-report.

6 IHA, op. cit. note 1, and sources on individual pumped storage 
projects noted elsewhere in this section.

7 ANEEL, op. cit. note 2, all references, and IHA, op. cit. note 1.
8 Norte Energia, “A história de Belo Monte – cronologia”, https://

www.norteenergiasa.com.br/pt-br/uhe-belo-monte/historico; 
Norte Energia, “Belo Monte é inaugurada e está pronta para a plena 
operação”, press release (Brasilia: 29 November 2019), https://www.
norteenergiasa.com.br/pt-br/imprensa/releases/belo-monte-e-
inaugurada-e-esta-pronta-para-a-plena-operacao-100709.

9 Ibid., both references; Norte Energia, “Unidade Geradora 15 
liberada para operação commercial”, press release (Brasilia: 21 
August 2019), https://www.norteenergiasa.com.br/pt-br/ 
imprensa/releases/unidade-geradora-15-liberada-para- 
operacao-comercial-100654.

10 Generation from ONS, op. cit. note 2.
11 T. Barral, Empresa de Pesquisa Energética, Ministério de Minas e 

Energia, “What’s next for hydropower? Perspectives for Brazilian 
market”, presentation at IEA Hydropower Workshop, Paris, 
10 February 2020.

12 Ibid.
13 Generation from ONS, op. cit. note 2.
14 Comisión Nacional de Energía, “Electricity statistics”, https://

www.cne.cl/estadisticas/electricidad, viewed March 2020. 
15 Ibid. 
16 Ibid.
17 Peruvian Electric System Operator (Comité de Operación 

Económica del Sistema), power plant database, http://
www.coes.org.pe/Portal/Planificacion/NuevosProyectos/
OperacionComercial, viewed March 2020; Andritz, “Bring back 
to life”, Hydro News, no. 32 (2018), https://www.andritz.com/
hydro-en/hydronews/hn32/callahuanca-peru.

18 Peruvian Electric System Operator, op. cit. note 17; Andritz, op. cit. 
note 17.

19 Peruvian Electric System Operator (Comité de Operación 
Económica del Sistema), “Monthly Generation Bulletin”, 
December 2019, http://www.coes.org.pe/Portal/Publicaciones/
Boletines. 

20 National Electricity Company of Bolivia (ENDE), “Presidente 
Morales inauguró San José 2 sumando 69 MW al SIN”, press 
release (Cochabamba: 9 June 2019), https://www.ende.bo/
noticia/noticia/165.

21 ENDE, “Informe de situación de ENDE Corporación”, January 
2020, https://www.ende.bo/public/publicaciones/pdf/
inf_situacion_enero_2020.pdf.

22 Ibid.
23 Capacity from Comité Nacional de Despacho de Carga (CNDC), 

“Effective capacity as of December 2019”, https://www.cndc.
bo/agentes/generacion.php; generation from CNDC, “Gross 
generation”, https://www.cndc.bo/media/archivos/estadistica_
anual/genbruta_2019.htm.

24 Total capacity including pumped storage of 356.4 GW, pumped 
storage capacity of 30.3 GW and hydropower capacity of 326.1 
GW; capacity additions (excluding pumped storage) of 3.8 GW; 
and pumped storage additions of 0.3 GW from IHA, op. cit. note 1. 
Total capacity including pumped storage capacity of 356.4 GW, 
capacity additions of 4.17 GW and annual capacity growth of 1.1% 
from NEA, op. cit. note 2, and from CEC, op. cit. note 2.

25 NEA, op. cit. note 2, and CEC, op. cit. note 2.
26 Generation of 1,301.9 TWh and annual growth of 5.7% from CEC, 

op. cit. note 2.
27 Based on total electricity output in 2014 of 5,605 TWh, 

hydropower generation of 1,047 TWh and hydropower capacity 
in 2014 (excluding pumped storage) of 282.7 GW, from CEC, 2014 
electricity statistics, 30 November 2015, http://www.cec.org.cn/
guihuayutongji/tongjxinxi/niandushuju/2015-11-30/146012.html; 
total electricity output in 2019 of 7,325 TWh and hydropower 
generation of 1,302 TWh from CEC, op. cit. note 2.

28 Based on total electricity output in 2014 of 5,605 TWh and 
hydropower generation of 1,060 TWh (including pumped storage 
output for proper comparison; 1,047 TWh without pumped 
storage output), from CEC, op. cit. note 27; total electricity output 
in 2019 of 7,325 TWh and hydropower generation of 1,302 TWh 
(includes pumped storage output) from CEC, op. cit. note 2.
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SOLAR PV
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from IEA PVPS, Trends in Photovoltaic Applications 2019, op. cit. 
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shipments of cells to first buyer over the period 1975-2019 reached 
591 GW in 2019, from P. Mints, SVP Market Research, Photovoltaic 
Manufacturer Shipments: Capacity, Price & Revenues 2019/2020 
(San Francisco: April 2020), pp. 15, 34, and just over 110 GW for a 
global total exceeding 600 GW, from EurObserv’ER, Photovoltaic 
Barometer (Paris: April 2020), p. 2, https://www.eurobserv-er.org/
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decommissioning is relatively uncommon at this stage, given that 
most global installations were commissioned in 2005 and later, 
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note, p. 13. A few countries report data officially in alternating 
current (AC) (e.g., Canada, Chile, India, Japan, Malaysia, Sweden 
and the United States); these data were converted to direct 
current (DC) by relevant sources provided in this section for 
consistency across countries. The difference between DC and AC 
power can range from as little as 5% (conversion losses, inverter 
set at DC level) to as much as 40% (due to some grid regulations 
limiting output or to the evolution of utility-scale solar PV plants), 
from IEA PVPS, Trends in Photovoltaic Applications 2019, op. cit. 
this note, p. 9. Most utility-scale solar PV plants built in 2019 have 
an AC-DC ratio between 1.1 and 1.6, from IEA PVPS, Snapshot of 
Global PV Markets 2020, op. cit. this note, p. 11. Conversions done 
by IEA PVPS and the Becquerel Institute use a multiplier of 1.3 
for centralised capacity to convert capacity from AC to DC. In 
the United States, the median inverter loading ratio (ratio of DC 
nameplate rating to AC inverter nameplate rating) in 2018, for 
both tracked and fix-tilt utility-scale projects, was 1.33, but there 
is significant variation across projects, from M. Bolinger, J. Seel 
and D. Robson, Utility-scale Solar: Empirical Trends in Project 
Technology, Cost, Performance, and PPA Pricing in the United 
States – 2019 Edition (Berkeley, CA: Lawrence Berkeley National 
Laboratory, December 2019), p. ii, https://eta-publications.lbl.gov/
sites/default/files/lbnl_utility_scale_solar_2019_edition_final.
pdf. The argument is made that AC ratings are more appropriate 
for utility-scale capacity because other conventional and 
renewable utility-scale generating sources also are described 
in AC terms, and because the difference between a project’s 
DC and AC capacity ratings is increasing in general (at least in 
the United States) due to a lower relative inverter rating, from 
M. Bolinger and J. Seel, Utility-Scale Solar: Empirical Trends in 
Project Technology, Cost Performance, and PPA Pricing in the 
United States – 2018 Edition (Berkeley, CA: Lawrence Berkeley 
National Laboratory (LBNL), September 2018), p. 5, https://emp.
lbl.gov/utility-scale-solar. However, most analysts, consultancies, 
industry groups, the IEA and many others report data in DC, from 
M. Schmela, SolarPower Europe, personal communication with 
REN21, 11 May 2019. In addition, DC capacity more accurately 
reflects the rating of panels, from C. Marcy, “Solar plants typically 
install more panel capacity relative to their inverter capacity”, 
Today in Energy, US Energy Information Administration (EIA), 
16 March 2018, https://www.eia.gov/todayinenergy/detail.
php?id=35372. In order to maintain a consistent rating type 

across all solar PV capacity, and because the AC capacity of most 
countries is not available, GSR 2020 attempts to report all solar PV 
data in DC units; in addition, the GSR reports only capacity that has 
entered into operation by year’s end.

2 More than making up for China from P. Mints, SPV Market 
Research, The Solar Flare, no. 6 (23 December 2019), p. 6; 
G. Masson, Becquerel Institute and IEA PVPS, Brussels, personal 
communication with REN21, 20 February 2020; IEA PVPS, 
Snapshot of Global PV Markets 2020, op. cit. note 1; decline in China 
from China’s National Energy Administration (NEA), “PV grid-
connected operation in 2019”, 28 February 2020, http://www.nea.
gov.cn/2020-02/28/c_138827923.htm (using Google Translate).

3 Based on data from IEA PVPS, Trends in Photovoltaic Applications 
2019, op. cit. note 1, p. 97, and from IEA PVPS, Snapshot of Global 
PV Markets 2020, op. cit. note 1, p. 6.

4 For total at end of 2019, see endnote 1. Figure of 23 GW at end of 
2009 from IEA PVPS, Trends in Photovoltaic Applications 2019, op. 
cit. note 1, pp. 96-97. Figure 28 based on data from IEA PVPS, 
Snapshot of Global PV Markets 2020, op. cit. note 1, from IEA 
PVPS, Trends in Photovoltaic Applications 2019, op. cit. note 1, 
pp. 96, 97, and from Becquerel Institute, op. cit. note 1.

5 SolarPower Europe, op. cit. note 1, pp. 9, 13. See also, for example, 
International Renewable Energy Agency (IRENA), Renewable 
Power Generation Costs in 2018 (Abu Dhabi: 2019), p. 9, https://
www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/
May/IRENA_Renewable-Power-Generations-Costs-in-2018.pdf; 
B. Eckhouse, “Solar and wind cheapest source of power in most 
of the world”, Bloomberg, 28 April 2020, https://www.bloomberg.
com/news/articles/2020-04-28/solar-and-wind-cheapest-
sources-of-power-in-most-of-the-world; BloombergNEF, 
“Solar, wind, batteries to attract $10 trillion to 2050, but curbing 
emissions long-term will require other technologies too”, 
18 June 2019, https://about.bnef.com/blog/solar-wind-batteries-
attract-10-trillion-2050-curbing-emissions-long-term-will-
require-technologies; M. Brown, “Solar energy prices hit tipping 
point as China reaches ‘grid parity’”, Inverse, 14 August 2019, 
https://www.inverse.com/article/58495-solar-energy-prices-hit-
tipping-point-as-china-reaches-grid-parity; M. Brown, “Solar vs. 
coal: Why the ’74 percent report’ signals a new era for US energy”, 
Inverse, 28 March 2019, https://www.inverse.com/article/54399-
solar-energy-cheaper-than-coal-whats-next; https://www.
nature.com/articles/s41560-019-0441-z; J. Weaver, “Solar price 
declines slowing, energy storage in the money”, pv magazine, 
8 November 2019, https://pv-magazine-usa.com/2019/11/08/
sola-price-declines-slowing-energy-storage-in-the-money; M. 
Hutchins, “Solar ‘could soon be UK’s cheapest source of energy’”, 
pv magazine, 12 December 2018, https://www.pv-magazine.
com/2018/12/12/solar-could-soon-be-uks-cheapest-source-of-
energy; K. Samanta, “India’s renewable energy cost lowest in Asia 
Pacific: WoodMac”, Reuters, 29 July 2019, https://www.reuters.
com/article/us-india-renewables-woodmac/indias-renewable-
energy-cost-lowest-in-asia-pacific-woodmac-idUSKCN1UO0L8; 
J. Yan et al., “City-level analysis of subsidy-free solar photovoltaic 
electricity price, profits and grid parity in China”, Nature 
Geoscience (2019), cited in J. Gabbatiss, “Solar now ‘cheaper than 
grid electricity’ in every Chinese city, study finds”, CarbonBrief, 
12 August 2019, https://www.carbonbrief.org/solar-now-cheaper-
than-grid-electricity-in-every-chinese-city-study-finds. 

6 N. Ford, “Europe solar-storage costs fall below markets 
as learnings kick in”, New Energy Update, 2 October 2019, 
https://analysis.newenergyupdate.com/pv-insider/
europe-solar-storage-costs-fall-below-markets-learnings-kick.

7 Estimated 18 countries (Australia, Brazil, China, Chinese Taipei, 
Egypt, Germany, India, Japan, the Republic of Korea, Mexico, 
the Netherlands, Pakistan, South Africa, Spain, Ukraine, United 
Arab Emirates, the United States and Vietnam) in 2019 based 
on preliminary estimates for IEA PVPS, Snapshot of Global PV 
Markets 2020, op. cit. note 1, on data from Becquerel Institute, op. 
cit. note 1, and on data from country-specific sources provided 
throughout this section. Up from 11 countries (China, the United 
States, India, Japan, Australia, Germany, Mexico, the Republic 
of Korea, Turkey, the Netherlands and Brazil) in 2018 from 
SolarPower Europe, op. cit. note 1, p. 53; and up from 10 countries 
in 2018 from IEA PVPS, Snapshot of Global PV Markets 2020, 
op. cit. note 1, p. 9. There were nine countries in 2017 from IEA 
PVPS, Trends in Photovoltaic Applications 2018: Survey Report 
of Selected IEA Countries Between 1992 and 2017 (Paris: 2018), 
p. 3, http://www.iea-pvps.org/fileadmin/dam/public/report/
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statistics/2018_iea-pvps_report_2018.pdf, and from SolarPower 
Europe, Global Market Outlook for Solar Power 2018-2022 
(Brussels: 2018), p. 5, https://www.solarpowereurope.org/
wp-content/uploads/2018/09/Global-Market-Outlook-2018-2022.
pdf; and seven countries in 2016 from idem, p. 5.

8 Figure of 39 countries in 2019 based on data from numerous 
sources, including preliminary data from IEA PVPS, Snapshot 
of Global PV Markets 2020, op. cit. note 1, from A. Detollenaere, 
Becquerel Institute, personal communication with REN21, 10 April 
2020, from IEA PVPS, Trends in Photovoltaic Applications 2019, op. 
cit. note 1, p. 96, and from numerous sources cited throughout this 
section. Figure of 31 countries in 2018 from IEA PVPS, Trends in 
Photovoltaic Applications 2019, op. cit. note 1, p. 6.

9 IEA PVPS, Trends in Photovoltaic Applications 2018, op. cit. note 
7, p. 80.

10 IEA PVPS, Snapshot of Global PV Markets 2020, op. cit. note 1, 
p. 14. Based on cumulative capacity in operation at end-2019 
and assumes close to optimum siting, orientation and long-term 
average weather conditions, from idem.

11 Honduras sourced 10.7% of its gross electricity generation from 
solar PV, based on data from T. Vindel, Secretario de Estado en el 
Despacho de Energía de la República de Honduras, and provided 
by G. Bravo, Fundación Bariloche, personal communication with 
REN21, 27 April 2020; Italy generated 24,326 GWh of electricity 
with solar PV in 2019, and total net production in the system 
was 283,846 GWh, for a solar PV share of 8.57%, from Terna, 
Rapporto mensile sul Sistema Elettrico December 2019 (Rome: 
2019), p. 5, https://download.terna.it/terna/Rapporto_Mensile_
Dicembre%202019_8d79d92a335c3f2.pdf; Greece from multiple 
original sources, all in Greek, and provided by I. Tsipouridis, R.E.D. 
Pro Consultants, Athens, personal communication with REN21, 
April 2020; Germany’s solar PV generation accounted for 8.2% 
of Germany’s gross electricity generation in 2019 (up from 7.7% 
in 2018), from Federal Ministry for Economic Affairs and Energy 
and Arbeitsgruppe Erneuerbare Energien-Statistik (AGEE-Stat), 
Time Series for the Development of Renewable Energy Sources 
in Germany, Based on Statistical Data from the Working Group 
on Renewable Energy-Statistics (AGEE-Stat) (Status: February 
2020) (Dessau-Roßlau: February 2020), pp. 44, 45, https://
www.erneuerbare-energien.de/EE/Navigation/DE/Service/
Erneuerbare_Energien_in_Zahlen/Zeitreihen/zeitreihen.html; 
Chile share of generation from Asociación Chilena de Energías 
Renovables y Almacenamiento (ACERA), Estadísticas Sector de 
Generacíon de Energía Eléctrica Renovable (December 2019), 
p. 2, https://acera.cl/wp-content/uploads/2020/01/2019-12-
Bolet%C3%ADn-estad%C3%ADsticas.pdf; Australia from 
Clean Energy Council, Clean Energy Australia Report 2020 
(Melbourne: 8 April 2020), p. 9, https://assets.cleanenergycouncil.
org.au/documents/resources/reports/clean-energy-australia/
clean-energy-australia-report-2020.pdf; Japan from Institute for 
Sustainable Energy Policies (ISEP), “Share of renewable energy 
electricity in Japan, 2019 (preliminary report)”, 10 April 2020, 
https://www.isep.or.jp/en/879.

12 Share of total global electricity generation based on the 
following: total global electricity generation in 2019 estimated 
at 27,011 TWh, based on 26,615 TWh in 2018 from BP, Statistical 
Review of World Energy (London: 2019), https://www.bp.com/
en/global/corporate/energy-economics/statistical-review-of-
world-energy.html, and on estimated 1.49% growth in global 
electricity generation in 2019. Growth rate in 2019 is based on 
the weighted average change in actual total generation for the 
following countries/regions (which together accounted for more 
than two-thirds of global generation in 2018): United States (-1.3% 
net generation), EU-28 (-1.2%), Russian Federation (+1.2%), India 
(+0.0%), China (+4.7%), Canada (-0.2%) and Brazil (+2.0%). 
Generation data for 2018 and 2019 by country or region from the 
following: US Energy Information Administration (EIA), Electric 
Power Monthly with Data for December 2019 (Washington, 
DC: February 2020), Table 1.1, https://www.eia.gov/electricity/
monthly/archive/february2020.pdf; European Commission (EC), 
Eurostat database, http://ec.europa.eu/eurostat, viewed April 
2020; Ministry of Energy of the Russian Federation, “Statistics”, 
https://minenergo.gov.ru/en/activity/statistic, viewed April 
2020, Government of India, Ministry of Power, Central Electricity 
Authority (CEA), “Monthly generation report”, http://www.
cea.nic.in/monthlyarchive.html, viewed April 2020; National 
Bureau of Statistics of China, “Statistical communiqué of the 
People’s Republic of China on the 2019 national economic 
and social development”, press release (Beijing: 28 February 

2020), http://www.stats.gov.cn/english/PressRelease/202002/
t20200228_1728917.html (using Google Translate); Statistics 
Canada, “Electric Power Generation, monthly generation by 
type of electricity”, https://www150.statcan.gc.ca/t1/tbl1/en/
tv.action?pid=2510001501, updated 11 May 2020; National 
Electrical System Operator of Brazil (ONS), “Geração de energia”, 
http://www.ons.org.br/Paginas/resultados-da-operacao/
historico-da-operacao/geracao_energia.aspx, viewed April 2020. 
Solar PV worldwide production potential of 715.15 TWh, from 
Gaëtan Masson and Alice Detollenaere, Becquerel Institute and 
IEA PVPS, personal communication with REN21, 10 April 2020. 
Estimates for electricity generation from Masson and IEA PVPS 
are theoretical calculations based on average yield and installed 
solar PV capacity as of 31 December 2019..

13 SolarPower Europe, op. cit. note 7, p. 42; IEA PVPS, Trends in 
Photovoltaic Applications 2019, op. cit. note 1, p. 91; IEA PVPS, 
Trends in Photovoltaic Applications 2018, op. cit. note 7, pp. 4, 80.

14 Ibid. 
15 Lower than a decade ago but challenges remain, fossil and 

nuclear, from Masson, op. cit. note 2, 20 February 2020, and 
4 May 2020. Regarding utilities, in Brazil, for example, utilities 
are restricting approval and authorization of solar PV systems, 
saying that they lack the capacity to make grid connections and 
to integrate solar energy into the grid, among other things, from 
R. Baitelo, Associação Brasileira de Energia Solar Fotovoltaica 
(ABSOLAR), personal communication with REN21, 7 April 2020; 
in Australia, the energy market operator has largely prevented 
attempts by electricity network operators to discriminate against 
and financially penalise solar customers, but network operators 
have imposed delays and conditions on the approval of grid 
connections, which leads to increases in the soft costs of solar 
deployment, from IEA PVPS, Australian Photovoltaic Institute 
(APVI) and Australian Renewable Energy Agency (ARENA), 
National Survey Report of PV Power Applications in Australia 2018 
(Paris: 2019), prepared by R. Egan, APVI, p. 36, https://iea-pvps.
org/wp-content/uploads/2020/01/NSR_Australia_2018.pdf. 

16 IEA PVPS, Trends in Photovoltaic Applications 2019, op. cit. note 1, 
pp. 48-56; IEA PVPS, Trends in Photovoltaic Applications 2018, op. 
cit. note 7, p. 43.

17 IEA PVPS, Trends in Photovoltaic Applications 2019, op. cit. note 1, 
p. 48. Growth in grid-connected solar PV in particular has been 
due almost entirely to government support policies, mandates, 
and often a combination, from Mints, Photovoltaic Manufacturer 
Shipments, op. cit. note 1, p. 40. 

18 Corporate purchasing from information and sources elsewhere in 
this section; self-consumption from IEA PVPS, Snapshot of Global 
PV Markets 2020, op. cit. note 1 , p. 15.

19 IEA PVPS, Trends in Photovoltaic Applications 2019, op. cit. 
note 1, p. 16; Schmela, op. cit. note 1; Masson, op. cit. note 2, 
28 February 2019. See also E. Bellini, “Italy deployed 737 MW 
of solar in 2019”, pv magazine, 21 April 2020, https://www.
pv-magazine.com/2020/04/21/italy-deployed-737-mw-of-
solar-in-2019; L. Stoker, “WoodMac: UK will join the subsidy-free 
solar club in 2019”, PV-Tech, 22 January 2019, https://www.
pv-tech.org/news/woodmac-uk-will-join-the-subsidy-free-
solar-club-in-2019; T. Gualtieri, “Spanish developer plans 
3.3 gigawatts of subsidy-free PV farms”, Bloomberg, 28 October 
2019, https://www.bloomberg.com/news/articles/2019-10-28/
spanish-developer-plans-3-3-gigawatts-of-subsidy-free-pv-farms. 

20 Seventh consecutive year based on data from IEA PVPS, Trends 
in Photovoltaic Applications 2019, op. cit. note 1, and from IEA 
PVPS, Snapshot of Global PV Markets 2020, op. cit. note 1; 
declines based on idem and from data and sources provided 
throughout this section; Asia accounted for half based on data 
from IEA PVPS, Snapshot of Global PV Markets 2020, op. cit. 
note 1, from Becquerel Institute, op. cit. note 1, 20 March 2020 
and 10 April 2020, and from IEA PVPS, Trends in Photovoltaic 
Applications 2019, op. cit. note 1.

21 Based on data from IEA PVPS, Snapshot of Global PV Markets 
2020, op. cit. note 1, from Becquerel Institute, op. cit. note 1, 
20 March 2020 and 10 April 2020, and from IEA PVPS, Trends in 
Photovoltaic Applications 2019, op. cit. note 1.

22 Market and manufacturing from SolarPower Europe, op. cit. note 
1, p. 89; share of additions in 2019 based on data from IEA PVPS, 
Snapshot of Global PV Markets 2020, op. cit. note 1, and from 
Becquerel Institute, op. cit. note 1; 44% in 2018 (and 52% in 2017) 
from SolarPower Europe, op. cit. note 1, p. 89; China’s share of 
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https://iea-pvps.org/wp-content/uploads/2020/01/NSR_Australia_2018.pdf
https://www.pv-magazine.com/2020/04/21/italy-deployed-737-mw-of-solar-in-2019
https://www.pv-magazine.com/2020/04/21/italy-deployed-737-mw-of-solar-in-2019
https://www.pv-magazine.com/2020/04/21/italy-deployed-737-mw-of-solar-in-2019
https://www.pv-tech.org/news/woodmac-uk-will-join-the-subsidy-free-solar-club-in-2019
https://www.pv-tech.org/news/woodmac-uk-will-join-the-subsidy-free-solar-club-in-2019
https://www.pv-tech.org/news/woodmac-uk-will-join-the-subsidy-free-solar-club-in-2019
https://www.bloomberg.com/news/articles/2019-10-28/spanish-developer-plans-3-3-gigawatts-of-subsidy-free-pv-farms
https://www.bloomberg.com/news/articles/2019-10-28/spanish-developer-plans-3-3-gigawatts-of-subsidy-free-pv-farms
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total demand was 27% in 2014, 30% in 2015, 49% in 2016, 56% in 
2017, 42% in 2018 and projected 29% in 2019, from P. Mints, SPV 
Market Research, The Solar Flare, no. 5 (31 October 2019), p. 5. 

23 Top 10 countries and share of top 5 from IEA PVPS, Snapshot 
of Global PV Markets 2020, op. cit. note 1, and from Becquerel 
Institute, op. cit. note 1; about 75% in 2018 from Becquerel 
Institute, op. cit. note 1, 10 May 2019, and from IEA PVPS, 2019 
Snapshot of Global PV Markets (Paris: April 2019), p. 8, http://
www.iea-pvps.org/fileadmin/dam/public/report/statistics/IEA-
PVPS_T1_35_Snapshot2019-Report.pdf; less concentrated from 
IEA PVPS, Snapshot of Global PV Markets 2020, op. cit. note 1, p. 
6. The share represented by the top 5 in 2017 was 84%, based 
on global additions of at least 98 GWDC, and on additions of the 
top five countries (China, the United States, India, Japan and 
Turkey), from IEA PVPS, Snapshot of Global Photovoltaic Markets 
2018 (Paris: 2018), p. 4, http://www.iea-pvps.org/fileadmin/dam/
public/report/statistics/IEA_PVPS-A_Snapshot_of_Global_
PV-1992-2017.pdf. 

24 Figure for 2019 based on preliminary estimates for IEA PVPS, 
Snapshot of Global PV Markets 2020, op. cit. note 1. This was 
up from 1.3 GW in 2018, from Becquerel Institute, op. cit. note 1, 
10 May 2019, and from IEA PVPS, 2019 Snapshot of Global PV 
Markets, op. cit. note 23, p. 7, and from 954 MW in 2017, from IEA 
PVPS, Trends in Photovoltaic Applications 2018, op. cit. note 7, p. 
13. The market level to be among the top 10 for annual additions 
was 683 MW in 2016 and 675 MW in 2015, from IEA PVPS, idem.

25 Leading countries for total capacity based on data from IEA PVPS, 
Snapshot of Global PV Markets 2020, op. cit. note 1, and from 
Becquerel Institute, op. cit. note 1, 20 March 2020, and on data 
and sources provided throughout this section. Leaders per capita 
from IEA PVPS, Snapshot of Global PV Markets 2020, op. cit. note 
1, p. 7. Figure 29 based on historical global and country-specific 
data from IEA PVPS, Trends in Photovoltaic Applications 2019, op. 
cit. note 1, from IEA PVPS, Snapshot of Global PV Markets 2020, 
op. cit. note 1, from Becquerel Institute, op. cit. note 1, and based 
on country-specific data and sources provided throughout this 
section for China, Germany, India, Japan and the United States. 
India data from the following: data for 2009 from European 
Photovoltaic Industry Association (EPIA), Global Market Outlook 
for Photovoltaics Until 2015 (Brussels: 2011), p. 10, http://www.
cogen.com.br/content/upload/1/documentos/Solar/Solar_COGEN/
EPIA_Global_Market_Photovoltaics_2015.pdf; data for 2010 and 
2011 from EPIA, Global Market Outlook for Photovoltaics Until 2016 
(Brussels: May 2012), p. 14, https://www.helapco.gr/pdf/Global_
Market_Outlook_2015_-2019_lr_v23.pdf; data for 2012 from IEA 
PVPS, PVPS Report, A Snapshot of Global PV 1992-2012 (Paris: 
2013), https://iea-pvps.org/wp-content/uploads/2020/01/PVPS_
report_-_A_Snapshot_of_Global_PV_-_1992-2012_-_FINAL_4.
pdf; data for 2013 from IEA-PVPS, PVPS Report – Snapshot of 
Global PV 1992-2013: Preliminary Trends Information from the 
IEA PVPS Programme (Paris: March 2014), https://iea-pvps.org/
wp-content/uploads/2020/01/PVPS_report_-_A_Snapshot_of_
Global_PV_-_1992-2013_-_final_3.pdf; data for 2014 from Bridge 
to India, May 2015, provided by S. Orlandi, Becquerel Institute, 
Brussels, personal communication with REN21, 11 May 2015; data 
for 2015 from IEA PVPS, Trends in Photovoltaic Applications, 2016: 
Survey Report of Selected IEA Countries Between 1992 and 2015 
(Paris: 2016), https://iea-pvps.org/wp-content/uploads/2020/01/
Trends_2016_-_mr.pdf; data for 2016 from Government of India, 
Ministry of New and Renewable Energy (MNRE), “Physical 
progress (achievements)”, data as on 31 December 2016, http://
www.mnre.gov.in/mission-and-vision-2/achievements, viewed 
19 January 2017; data for 2017 and 2018 from Becquerel Institute 
and IEA PVPS, personal communication with REN21, 3 June 2019 
and 4 May 2020.

26 Year-end rally and 12.2 GW brought online from China 
Photovoltaic Industry Association (CPIA), cited in M. Hall, “China 
will add 35-38 GW of solar this year”, pv magazine, 22 January 
2020, https://www.pv-magazine.com/2020/01/22/china-will-
add-35-38-gw-of-solar-this-year; a total of 30.11 GW was added 
in 2019, including 17.91 GW of utility-scale capacity and 12.2 GW 
of distributed, and representing a decline of 31.6% relative to 
2018, from NEA, op. cit. note 2. Down more than 15% in 2018 
based on 53,068 MW installed in 2017, and about 45 GW installed 
in 2018 (including unsubsidised capacity additions on top of 
official data for subsidised capacity), all from IEA PVPS, Trends 
in Photovoltaic Applications 2019, op. cit. note 1. An estimated 
10 GW was installed in December 2019, from GlobalData Energy, 
“Solar PV capacity additions in China fell by 32% in 2019”, Power 

Technology, 23 January 2020, https://www.power-technology.
com/comment/solar-pv-capacity-additions-china-2019. 

27 Second consecutive year based on data from IEA PVPS, Trends 
in Photovoltaic Applications 2019, op. cit. note 1, and from IEA 
PVPS, Snapshot of Global PV Markets 2020, op. cit. note 1, p. 
6; down in almost every region (excluding Guizhou), from F. 
Haugwitz, Asia Europe Clean Energy (Solar) Advisory Co. Ltd. 
(AECEA), personal communication with REN21, 6 April 2020, and 
from NEA, op. cit. note 2; 12 provinces based on grid-connected 
capacity data from China National Renewable Energy Center, 
cited in China NEA, “2019 PV installations utility and distributed 
by province”, 28 February 2020, http://www.nea.gov.cn/2020-
02/28/c_138827923.htm (using Google Translate) (data do not 
include Hong Kong SAR, Macao SAR or Chinese Taipei); and 
more than double the size of the next largest market based on 
data and sources throughout this section. Figure 30 based on 
IEA PVPS, op. cit. note 1, both references, and on national data 
and references for top 10 countries provided throughout this 
section (or see endnote for Reference Table R16).

28 NEA, op. cit. note 2; Guizhou considered one of the poorest 
provinces, from F. Haugwitz, AECEA, “China solar PV – 2019/2020 
– On the ground dynamics”, email newsletter, 1 April 2020.

29 Cumulative capacity was 204.66 GW (including off-grid), from 
IEA PVPS, Snapshot of Global PV Markets 2020, op. cit. note 1, p. 
6; cumulative capacity at end-2019 was 204.3 GW, up 17.3% over 
2018, including 141.67 GW of utility-scale projects and 62.63 GW of 
distributed systems (all grid-connected), all from NEA, op. cit. note 
2; year-end capacity was 204,680 MW, up 17.4% over 2018, from 
China Electricity Council (CEC), “2019 electricity & other energy 
statistics (preliminary)”, 21 January 2020, http://www.cec.org.cn/
guihuayutongji/tongjxinxi/niandushuju/2020-01-21/197077.html 
(using Google Translate). The national target is part of the country’s 
13th Five-Year Plan (2016-2020), from Haugwitz, op. cit. note 28.  

30 Schmela, op. cit. note 1, 12 May 2020; F. Haugwitz, “Towards 
a subsidy-free era for China’s solar PV market”, Apricum, 
19 November 2019, https://www.apricum-group.com/
towards-a-subsidy-free-era-for-chinas-solar-pv-market.

31 Haugwitz, op. cit. note 30.
32 V. Shaw, “Is China’s market heading toward a cliff edge?” pv 

magazine, 30 December 2019, https://www.pv-magazine.
com/2019/12/30/is-chinas-market-heading-toward-a-cliff-edge; 
C. Lin, “China’s new solar FIT policy”, pv magazine, 5 June 2019, 
https://www.pv-magazine.com/2019/06/05/chinas-new-solar-fit-
policy; F. Haugwitz, AECEA, “China announced 15.99 GW during 
Jan-Sept 2019; 45% decrease YoY – AECEA revised full-year 
guidance to 20-24 GW”, email newsletter, 29 October 2019.

33 Shaw, op. cit. note 32; Lin, op. cit. note 32; Haugwitz, op. cit. 
note 32; delayed release of policies, grid connection, land 
availability and challenges associated with mobilising finance 
also from Haugwitz, cited in R. Ranjan, “AECEA: China likely 
to install 23-31 GW of solar in 2020 as uncertainty grips”, 
Mercom India, 7 January 2020, https://mercomindia.com/
aceca-china-likely-install-23-31-gw-solar-2020. 

34 Haugwitz, op. cit. note 28. See also Wood Mackenzie, “Global solar 
PV installations to reach record high in 2019”, press release (25 July 
2019), https://www.woodmac.com/press-releases/global-solar-
pv-installations-to-reach-record-high-in-2019. Another source has 
the total at 22.7 GW, from M. Hall, “The year in solar, part III: Battery 
breakthroughs, inverter trouble, sustainable role models and new 
tech”, pv magazine, 27 December 2019, https://www.pv-magazine.
com/2019/12/27/the-year-in-solar-part-iii-battery-breakthroughs-
inverter-trouble-sustainable-role-models-and-new-tech. Grid 
parity from Haugwitz, op. cit. note 27, 21 April 2020.

35 Haugwitz, op. cit. note 28. See also Wood Mackenzie, op. cit. 
note 34. 

36 Based on data from NEA and from China PV Industry Association 
(CPIA), provided by Haugwitz, op. cit. note 27, 15 May 2020 and 
27 May 2020; Target of 3.5 GW based on earmarked budget of 
RMB 750 million, which theoretically could support 3.5 GW, from 
Haugwitz, op. cit. note 27, 21 April 2020. See also Shaw, op. cit. 
note 32.

37 Shares of capacity added are based on 30.11 GW added to the 
grid in 2019, including 17.91 GW of utility-scale capacity (down 
22.9% relative to 2018) and 12.2 GW of distributed capacity  
(up 41.3% over 2018), from NEA, op. cit. note 2. Share of 
cumulative capacity based on 141.67 GW of utility-scale capacity 
and 62.63 GW of distributed capacity (all grid-connected) at 

40

http://www.iea-pvps.org/fileadmin/dam/public/report/statistics/IEA-PVPS_T1_35_Snapshot2019-Report.pdf
http://www.iea-pvps.org/fileadmin/dam/public/report/statistics/IEA-PVPS_T1_35_Snapshot2019-Report.pdf
http://www.iea-pvps.org/fileadmin/dam/public/report/statistics/IEA-PVPS_T1_35_Snapshot2019-Report.pdf
http://www.iea-pvps.org/fileadmin/dam/public/report/statistics/IEA_PVPS-A_Snapshot_of_Global_PV-1992-2017.pdf
http://www.iea-pvps.org/fileadmin/dam/public/report/statistics/IEA_PVPS-A_Snapshot_of_Global_PV-1992-2017.pdf
http://www.iea-pvps.org/fileadmin/dam/public/report/statistics/IEA_PVPS-A_Snapshot_of_Global_PV-1992-2017.pdf
http://www.cogen.com.br/content/upload/1/documentos/Solar/Solar_COGEN/EPIA_Global_Market_Photovoltaics_2015.pdf
http://www.cogen.com.br/content/upload/1/documentos/Solar/Solar_COGEN/EPIA_Global_Market_Photovoltaics_2015.pdf
http://www.cogen.com.br/content/upload/1/documentos/Solar/Solar_COGEN/EPIA_Global_Market_Photovoltaics_2015.pdf
https://www.helapco.gr/pdf/Global_Market_Outlook_2015_-2019_lr_v23.pdf
https://www.helapco.gr/pdf/Global_Market_Outlook_2015_-2019_lr_v23.pdf
https://iea-pvps.org/wp-content/uploads/2020/01/PVPS_report_-_A_Snapshot_of_Global_PV_-_1992-2012_-_FINAL_4.pdf
https://iea-pvps.org/wp-content/uploads/2020/01/PVPS_report_-_A_Snapshot_of_Global_PV_-_1992-2012_-_FINAL_4.pdf
https://iea-pvps.org/wp-content/uploads/2020/01/PVPS_report_-_A_Snapshot_of_Global_PV_-_1992-2012_-_FINAL_4.pdf
https://iea-pvps.org/wp-content/uploads/2020/01/PVPS_report_-_A_Snapshot_of_Global_PV_-_1992-2013_-_final_3.pdf
https://iea-pvps.org/wp-content/uploads/2020/01/PVPS_report_-_A_Snapshot_of_Global_PV_-_1992-2013_-_final_3.pdf
https://iea-pvps.org/wp-content/uploads/2020/01/PVPS_report_-_A_Snapshot_of_Global_PV_-_1992-2013_-_final_3.pdf
https://iea-pvps.org/wp-content/uploads/2020/01/Trends_2016_-_mr.pdf
https://iea-pvps.org/wp-content/uploads/2020/01/Trends_2016_-_mr.pdf
http://www.mnre.gov.in/mission-and-vision-2/achievements
http://www.mnre.gov.in/mission-and-vision-2/achievements
https://www.pv-magazine.com/2020/01/22/china-will-add-35-38-gw-of-solar-this-year
https://www.pv-magazine.com/2020/01/22/china-will-add-35-38-gw-of-solar-this-year
https://www.power-technology.com/comment/solar-pv-capacity-additions-china-2019
https://www.power-technology.com/comment/solar-pv-capacity-additions-china-2019
http://www.nea.gov.cn/2020-02/28/c_138827923.htm
http://www.nea.gov.cn/2020-02/28/c_138827923.htm
http://www.cec.org.cn/guihuayutongji/tongjxinxi/niandushuju/2020-01-21/197077.html
http://www.cec.org.cn/guihuayutongji/tongjxinxi/niandushuju/2020-01-21/197077.html
https://www.apricum-group.com/towards-a-subsidy-free-era-for-chinas-solar-pv-market
https://www.apricum-group.com/towards-a-subsidy-free-era-for-chinas-solar-pv-market
https://www.pv-magazine.com/2019/12/30/is-chinas-market-heading-toward-a-cliff-edge
https://www.pv-magazine.com/2019/12/30/is-chinas-market-heading-toward-a-cliff-edge
https://www.pv-magazine.com/2019/06/05/chinas-new-solar-fit-policy
https://www.pv-magazine.com/2019/06/05/chinas-new-solar-fit-policy
https://mercomindia.com/aceca-china-likely-install-23-31-gw-solar-2020
https://mercomindia.com/aceca-china-likely-install-23-31-gw-solar-2020
https://www.woodmac.com/press-releases/global-solar-pv-installations-to-reach-record-high-in-2019
https://www.woodmac.com/press-releases/global-solar-pv-installations-to-reach-record-high-in-2019
https://www.pv-magazine.com/2019/12/27/the-year-in-solar-part-iii-battery-breakthroughs-inverter-trouble-sustainable-role-models-and-new-tech
https://www.pv-magazine.com/2019/12/27/the-year-in-solar-part-iii-battery-breakthroughs-inverter-trouble-sustainable-role-models-and-new-tech
https://www.pv-magazine.com/2019/12/27/the-year-in-solar-part-iii-battery-breakthroughs-inverter-trouble-sustainable-role-models-and-new-tech
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year’s end, from idem, and on total grid-connected capacity 
of 204.3 GW. Centralised plants accounted for 53% of grid-
connected installations in 2018, from NEA, “2018 added solar PV 
capacities,” Finance World, 28 January 2019, https://baijiahao.
baidu.com/s?id=1623876437525496663&wfr=spider&for=pc 
(using Google Translate). 

38 NEA, op. cit. note 2.
39 In Qinghai, curtailment was up 2.5 percentage points over 2018 to 

7.2%; others with significant average rates of curtailment during 
2019 were Tibet, which curtailed 24.1% (down 19.5 percentage 
points relative to 2018), followed by Xinjiang (7.4%, down 8.2) and 
Gansu (4%, down 5.6), all from NEA, op. cit. note 2.

40 Figures for 2019 based on output from grid-connected systems 
was up 26.3% to 224.3 TWh, from NEA, op. cit. note 2, and on 
output up 26.5% to 223.8 TWh, from CEC, op. cit. note 29. For 
comparison, output was up 50%, to 177.5 TWh in 2018, from NEA, 
op. cit. note 37.

41 Share of generation based on 223.8 TWh of solar electricity 
and total generation from all sources of 7,325 TWh, from CEC, 
op. cit. note 29. Share of generation in 2018 (2.6%) from NEA, 
“Photovoltaic power generation statistics for 2018”, 19 March 
2019, http://www.nea.gov.cn/2019-03/19/c_137907428.htm 
(using Google Translate); the share was 2.5% based on 1,775 
billion kWh of solar generation (note, however, that this may 
include a small amount of CSP) and 69,940 billion kWh of total 
power generation, from China Electricity Industry Development 
and Environmental Resources Department, cited by CEC, “2018 
power statistics annual express basic data list”, 19 January 
2019, http://www.cec.org.cn/guihuayutongji/tongjxinxi/
niandushuju/2019-01-22/188396.html. Share of generation 
in 2017 was 1.9%, based on data from NEA, cited in “Energy 
Bureau conference informed of 2017 renewable energy grid 
operation”, 24 January 2018, http://shupeidian.bjx.com.cn/
news/20180124/876448.shtml (using Google Translate). 

42 Based on preliminary data from IEA PVPS, Snapshot of Global PV 
Markets 2020, op. cit. note 1, p. 10, and on total capacity of 32.9 GWDC 
at end 2018, from IEA PVPS, Trends in Photovoltaic Applications 2019, 
op. cit. note 1, p. 10. IEA PVPS and Becquerel Institute use official 
estimates (in AC) with a multiplier of 1.3 for conversion of centralised 
capacity to DC, from IEA PVPS and Becquerel Institute, personal 
communication with REN21, 23 April 2020. India added 7,806.67 MW 
in 2019 based on end-2018 capacity of 26,869.08 MW and end-2019 
capacity of 34,675.75 MW (mix of AC and DC), from Government of 
India, MNRE, “Physical progress (achievements)”, http://mnre.gov.
in/mission-and-vision-2/achievements, viewed 30 January 2019, and 
Government of India, MNRE, “Physical progress (achievements)”, 
https://mnre.gov.in/physical-progress-achievements, viewed 9 
January 2020. Totals from MNRE are for all solar power, so include 
some concentrating solar thermal power (CSP) capacity; India’s 
CSP capacity is an estimated 225 MW (see Concentrating Solar 
Thermal Power section in this chapter for more details and sources). 
India added (all in AC) 7,346 MW (compared to 8,338 MW in 2018), 
for a year-end total of almost 35.7 GW; large-scale projects totalled 
31.3 GW and rooftop installations for 4.4 GW, from “2019 Q4 and 
Annual India Solar Market Update – 7.3 GW installed in CY 2019”, 
Mercom India, https://mercomindia.com/product/2019-q4-annual-
india-solar-market-update, viewed 10 April 2020. Mercom India data 
were confirmed to be in AC by S. Prateek, Mercom India, New Delhi, 
personal communication with REN21, May 2019. 

43 Total target from A. Parikh, “35 GW of solar installed, 65 GW more 
to go for India to reach its 100 GW solar target”, Mercom India, 
16 January 2019, https://mercomindia.com/35-gw-solar-installed-
65-gw-more-india; rooftop target from K. Chandrasekaran, 
“Rooftop solar growth too slow to meet 2022 target”, Economic 
Times, 26 February 2020, https://economictimes.indiatimes.
com/industry/energy/power/rooftop-solar-growth-too-
slow-to-meet-2022-target/articleshow/74310428.cms. 
India’s targets for fiscal year 2019 were reduced early in 
calendar year 2019, from Saurabh, “India cuts solar capacity 
addition target by 23% for 2019-2020”, CleanTechnica, 
27 May 2019, https://cleantechnica.com/2019/05/27/
india-cuts-solar-capacity-addition-target-by-23-for-2019-20. 

44 The decline in the annual market was more than 8% based 
on data for 2018 (10.8 GWDC added), from IEA PVPS, Trends in 
Photovoltaic Applications 2019, op. cit. note 1, p. 12, and estimate 
of 9.9 GW added in 2019, from IEA PVPS, Snapshot of Global 
PV Markets 2020, op. cit. note 1, p. 6. Significant growth in 2018 
from IEA PVPS, Trends in Photovoltaic Applications 2019, op. 

cit. note 1, p. 12. Note that the GSR 2019 reported a decrease in 
India’s installations in 2018 relative to 2017 based on data from IEA 
PVPS; however, recalculations by IEA PVPS determined that 2018 
additions were actually higher than those in 2017, from idem. The 
annual market decline was 12% (accounts for no conversions from 
AC to DC), from P. Sanjay, “At 7.3 GW, India’s solar installations in 
2019 declined by 12%”, Mercom India, 19 February 2020, https://
mercomindia.com/india-solar-installations-2019-declined. Annual 
investments in the solar sector were an estimated USD 8.2 billion 
in calendar year 2019, down from USD 9.8 billion in 2018, from 
“2019 Q4 and Annual India Solar Market Update – 7.3 GW installed 
in CY 2019”, op. cit. note 42. The market declined by 15.6% in 
2019 relative to 2018, based on data for year-end 2017 to year-end 
2019 (also includes CSP capacity, but only 225 MW total), from 
Government of India, MNRE, “Physical progress (achievements)”, 
http://mnre.gov.in/mission-and-vision-2/achievements, viewed 
30 January 2018 and 30 January 2019, and idem, “Physical 
progress (achievements)”, https://mnre.gov.in/physical-progress-
achievements, viewed 9 January 2020. India’s annual market 
increased by 27% based on end-2019 total of 34,831 MW, end-2018 
total of 27,127 MW, and end-2017 total of 17,923 MW, all from IRENA, 
Renewable Capacity Statistics 2020 (Abu Dhabi: 2020), https://
www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/
Mar/IRENA_RE_Capacity_Statistics_2020.pdf.

45 See, for example, Sanjay, op. cit. note 44; “2019 Q4 and Annual 
India Solar Market Update – 7.3 GW installed in CY 2019”, op. 
cit. note 42; Pratheeksha, “Important news snippets from India’s 
renewable industry in June 2019”, Mercom India, 4 July 2019, 
https://mercomindia.com/important-news-snippets-june-2019; 
“India’s transmission infrastructure struggles to keep up with 
wind and solar additions”, Mercom India, 1 August 2019, https://
mercomindia.com/indias-transmission-infrastructure-struggles-
wind-solar; S. Prateek, “Power Grid to build transmission 
network in Gujarat & Rajasthan to evacuate renewables”, 
Mercom India, 8 August 2019, https://mercomindia.com/
power-grid-transmission-gujarat-rajasthan; A. Parikh, “Year in 
review: 2019 A lost year for India’s solar sector”, Mercom India, 
20 December 2019, https://mercomindia.com/2019-lost-year-
for-india-solar-sector; S. Bajaj, “Andhra Pradesh’s decision to 
renegotiate solar and wind PPAs sets bad precedent”, Mercom 
India, 22 July 2019, https://mercomindia.com/andhra-pradesh-
solar-wind-ppa-bad-precedent; S. Bajaj, “DISCOMs mandated 
to maintain Letter of Credit as payment security mechanism to 
buy power”, Mercom India, 29 June 2019, https://mercomindia.
com/discoms-lc-payment-security-mechanism; S. Bajaj, “Land is 
still the biggest impediment for large-scale solar development”, 
Mercom India, 13 June 2019, https://mercomindia.com/land-
impediment-large-scale-solar; S. Bajaj, “Tariff adoption delays are 
hurting investments and jobs in the solar sector”, Mercom India, 
15 November 2019, https://mercomindia.com/tariff-adoption-
delays-investments-jobs-solar; N. Dewan, “Solar revolution? Far 
from it, says industry”, Economic Times, 29 October 2019, https://
economictimes.indiatimes.com/small-biz/sme-sector/solar-
revolution-far-from-it-says-industry/articleshow/71734062.cms.

46 “2019 Q4 and Annual India Solar Market Update – 7.3 GW 
installed in CY 2019”, op. cit. note 42; Pratheeksha, “India’s solar 
power generation grows slower year-over-year compared to 1H 
of last year”, Mercom India, 19 August 2019, https://mercomindia.
com/india-solar-generation-slower-yoy.

47 A. Parikh, “MNRE warns states: Honor ‘must run’ status of 
solar and wind energy”, Mercom India, 6 August 2019, https://
mercomindia.com/mnre-states-solar-wind-energy; Parikh, op. cit. 
note 45. The MNRE issued a letter on 1 August 2019 calling on all 
states and territories to accord “must run” status to all wind and 
solar power projects, but state governments continued to curtail 
generation, from idem, both sources.

48 “2019 Q4 and Annual India Solar Market Update – 7.3 GW 
installed in CY 2019”, op. cit. note 42; R. Ranjan, “Solar 
power generation up by 12% in the fourth quarter of 
2019”, 10 February 2020, https://mercomindia.com/
solar-power-generation-fourth-quarter-2019.

49 Figure of 85% from Sanjay, op. cit. note 44, and from“2019 Q4 and 
Annual India Solar Market Update – 7.3 GW Installed in CY 2019”, 
op. cit. note 42; more than 85% based on data for total capacity 
added and rooftop installations from sources in India text below. 
Large-scale projects represented nearly 88% of total operating 
capacity, from Sanjay, op. cit. note 44, and from 2019 Q4 and 
Annual India Solar Market Update – 7.3 GW Installed in CY 2019”, 
op. cit. note 42.
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50 Sanjay, op. cit. note 44.
51 Several tenders were undersubscribed due to downwards 

pressure on bidding and unrealistic expectations, among 
other factors from, for example, S. Prateek, “Gujarat’s 1 GW 
solar tender undersubscribed by 700 MW, second in a row 
to get tepid response”, Mercom India, 8 May 2019, https://
mercomindia.com/gujarat-1-gw-solar-tender-undersubscribed-
700-mw; S. Prateek, “SECI’s CPSU tender for 2 GW of solar 
projects left undersubscribed by 847 MW”, Mercom India, 
25 July 2019, https://mercomindia.com/seci-solar-tender-2gw-
undersubscribed. Other factors in low participation include 
unreliable auction mechanisms and a costly administrative 
infrastructure, from P. Mints, SPV Market Research, The Solar 
Flare, no. 3 (28 June 2019), p. 8. Payment delays also increased 
project risk and reduced participation, and cancelled tenders from 
Parikh, op. cit. note 46. Cancelled tenders also from N. Kabeer, 
“Solar auction cancellations need a fix for market sentiment to 
improve”, Mercom India, 25 April 2019, https://mercomindia.com/
solar-auction-cancellations-need-a-fix; Bajaj, “Tariff adoption 
delays are hurting investments and jobs in the solar sector”, op. 
cit. note 45; S. Bajaj, “Solar tender, auction & commissioning 
delays causing liquidity issues for developers”, Mercom India, 
28 November 2019, https://mercomindia.com/solar-tender-
auction-commissioning-delays-causing-liquidity-issues.

52 Sanjay, op. cit. note 44.
53 Rooftop installations were down by 33% in 2019, from Sanjay, op. 

cit. note 44; “2019 Q4 and Annual India Solar Market Update – 
7.3 GW installed in CY 2019”, op. cit. note 42; the capacity of new 
rooftop installations in 2019 was down 7% relative to 2018, from 
Bridge to India, “India solar rooftop map – December 2019”, https://
bridgetoindia.com/report/india-solar-rooftop-map-dec-2019, viewed 
27 April 2020. India’s rooftop sector made up 15% of additions in 
2019 and 12.4% of year-end capacity, from Sanjay, op. cit. note 44.

54 Sanjay, op. cit. note 44. Maharashtra, in particular, has tried to 
discourage net metering and has proposed a grid support charge 
for net-metered rooftop systems, from idem. See also S. Prateek, 
“Corporate segment key driver for rooftop solar: Interview with 
Manu Karan, CleanMax Solar”, Mercom India, 29 May 2019, 
https://mercomindia.com/rooftop-solar-interview-manu-karan-
cleanmax-solar; S. Bajaj, “Serious policy push needed to get 
India’s rooftop solar market to the next level”, Mercom India, 8 
May 2019, https://mercomindia.com/serious-policy-push-indias-
rooftop-solar-market/; A. Parikh, "Year in Review: 2019 a lost 
year for India's solar sector", Mercom India, 20 December 2019, 
https://mercomindia.com/2019-lost-year-for-india-solar-sector/; 
S. Bajaj, “Economic slowdown has taken a toll on Indian rooftop 
solar market: Solis interview”, Mercom India, 4 November 2019, 
https://mercomindia.com/economic-slowdown-taken-toll-indian-
rooftop-solar-market-solis/; S. Prateek, “Small rooftop solar 
companies in India struggle to find viable financing options”, 
Mercom India, 24 January 2019, https://mercomindia.com/
small-rooftop-solar-companies-struggle-viable-financing.

55 Figure of 1.1 GW (direct current) distributed and off-grid installed 
from IEA PVPS, Snapshot of Global PV Markets 2020, op. cit. 
note 1, p. 6. An estimated 1,104 MW of rooftop solar capacity was 
added in 2019, down 33% from 1,655 MWAC in 2018, from “2019 
Q4 and Annual India Solar Market Update – 7.3 GW installed in 
CY 2019”, op. cit. note 42, and from Sanjay, op. cit. note 44.

56 Prateek, op. cit. note 54; N. Prasad, “Indian Railways has installed 
95.67 MW of rooftop solar capacity: Piyush Goyal”, Mercom India, 
22 November 2019, https://mercomindia.com/indian-railways-
rooftop-solar; Bajaj, “Serious policy push needed to get India’s 
rooftop solar market to the next level”, op. cit. note 54; K. Singh, 
“Pune has stolen a march over other cities in India’s rooftop 
solar energy race”, Quartz India, 6 November 2019, https://
qz.com/india/1742584/pune-has-stolen-a-march-over-other-
cities-in-indias-rooftop-solar-energy-race. Of the total rooftop 
capacity operating at year’s end (5,440 MW), 1,116 MW (20.5%) 
was commercial, 2,848 MW (52.4%) was industrial, 728 MW 
(13.4%) was in the public sector, and 748 MW (13.8%) was in the 
residential sector, from Bridge to India, op. cit. note 53.

57 IEA PVPS, Trends in Photovoltaic Applications 2019, op. cit. note 
1, p. 12. Japan’s market has been trending downwards since 2015, 
from idem. Down 40% from peak year of 2015 based on 10 GW 
solar PV capacity installed in 2015, and 6 GW installed in 2019, 
from data of feed-in tariff scheme, Japanese Ministry of Economy, 
Trade and Industry (METI), provided by H. Matsubara, ISEP, 
Tokyo, personal communication with REN21, 14 April 2020.

58 E. Bellini, “Japan’s fifth solar auction delivers final lowest price 
of $0.10/kWh”, pv magazine, 27 January 2020, https://www.
pv-magazine.com/2020/01/27/japans-fifth-solar-auction-
delivers-final-lowest-price-of-0-10-kwh; M. Maisch, “Japan 
proposes 22% commercial solar FIT cut in latest move to trim 
costs”, pv magazine, 20 February 2019, https://www.pv-magazine.
com/2019/02/20/japan-proposes-22-commercial-solar-fit-cut-in-
latest-move-to-trim-costs; E. Bellini, “Another disappointing solar 
auction for Japan as prices stay high”, pv magazine, 24 January 
2019, https://www.pv-magazine.com/2019/01/24/another-
disappointing-solar-auction-for-japan-as-prices-stay-high; lack 
of low-cost financial resources from P. Fragkos, E3Modelling, 
personal communication with REN21, 6 April 2020. The costs 
of solar PV is higher in Japan that average international levels 
due primarily to high construction and soft costs, and the risk 
of curtailment and limited grid capacity are the main reasons 
for the downwards market trend since 2015, from SolarPower 
Europe, op. cit. note 1, p. 62. In the Kyushu region, output 
curtailment continued throughout 2019, although the regional 
utility introduced a program to reduce curtailment by 9%, from T. 
Ohigashi and I. Kaizuka, “The beginnings of a post FIT-market”, 
pv magazine, 25 February 2020, https://www.pv-magazine.
com/2020/02/25/the-beginnings-of-a-post-fit-market.

59 Target for 2030 from Masson, op. cit. note 2, 4 May 2020. Figures 
of 7 GW added for a total of 63 GW are preliminary estimates 
from IEA PVPS, Snapshot of Global PV Markets 2020, op. cit. note 
1; and also from RTS Corp, cited in Ohigashi and Kaizuka, op. cit. 
note 58. In AC, 5.7 GW of capacity was added in 2019 for a year-
end total of 54 GW, based on data of grid-connected capacity of 
utilities, provided by Matsubara, op. cit. note 57. 

60 ISEP, op. cit. note 11. 
61 Figures of 530,000 and 2 GW, from METI, https://www.meti.go.jp/

shingikai/enecho/denryoku_gas/saisei_kano/pdf/008_03_00.pdf 
(in Japanese), p. 8, viewed 27 April 2020, provided by Matsubara, 
op. cit. note 57, 27 April 2020; self-consumption and net zero from 
idem. See also J. Movella, “End of the residential FIT in Japan. 
Post FIT RECs go to RE100 companies”, Renewable Energy 
World, 19 November 2019, https://www.renewableenergyworld.
com/2019/11/19/end-of-the-residential-fit-in-japan-post-fit-recs-
go-to-re100-companies; Ohigashi and Kaizuka, op. cit. note 58.  

62 Movella, op. cit. note 61.
63 See, for example: GlobalData Energy, “Vietnam’s solar drive”, 

Power Technology, 30 July 2019, https://www.power-technology.
com/comment/vietnam-solar-drive; S. Djunisic, “B.Grimm 
brings online 677 MW of solar in Vietnam”, Renewables Now, 
17 June 2019, https://renewablesnow.com/news/bgrimm-
brings-online-677-mw-of-solar-in-vietnam-658285; M. Maisch, 
“Vietnam overtakes Australia for commissioned utility scale solar 
following June FIT rush”, pv magazine, 5 July 2019, https://www.
pv-magazine.com/2019/07/05/vietnam-overtakes-australia-
for-commissioned-utility-scale-solar-following-june-fit-rush; T. 
Kenning, “Close to 90 solar projects ‘sprinting’ for Vietnam’s June 
FiT deadline”, PV-Tech, 20 May 2019, https://www.pv-tech.org/
news/close-to-90-solar-projects-sprinting-for-vietnams-june- 
fit-deadline.

64 E. Bellini, “Vietnam to stop licensing large-scale solar projects”, 
pv magazine, 19 December 2019, https://www.pv-magazine.
com/2019/12/19/vietnam-to-stop-licensing-large-scale-solar-
projects. A total of 8.93 GW of utility-scale capacity had been 
approved for development by year’s end, from Ministry of Industry 
and Trade, cited in idem. By one account, more than 4.3 GW were 
added in a mere 11 weeks, from Maisch, op. cit. note 63.   

65 Figure of 4.8 GW added in 2019 for a total of 4.9 GW, based on 
preliminary data for IEA PVPS, Snapshot of Global PV Markets 
2020, op. cit. note 1, and from Becquerel Institute, op. cit. note 1. 
Vietnam’s additions in 2018 and 2017 from Maisch, op. cit. note 
63. Vietnam ended 2018 with 106 MW and 2019 with 5,695 MW, 
meaning annual additions in 2019 of 5,589 MW, based on data 
from IRENA, op. cit. note 44. 

66 To meet rising demand and figure of 10% from E. Bellini, “Vietnam 
introduces auction scheme for large-scale PV”, pv magazine, 
5 December 2019, https://www.pv-magazine.com/2019/12/05/
vietnam-introduces-auction-scheme-for-large-scale-pv; 
population growth and economic expansion from GlobalData 
Energy, op. cit. note 63.

67 Post June from Kenning, op. cit. note 63; in December from Bellini, 
op. cit. note 64. 
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68 List of countries and preliminary data for Republic of Korea 
(added 3,109 MW for a total of 11,208 MW), Chinese Taipei 
(1,411 MW; 4,149 MW), Pakistan (1,300 MW; 3,420 MW), Malaysia 
(562 MW; 1,552 MW) and Kazakhstan (500 MW; 709 MW), all 
from IEA PVPS, Snapshot of Global PV Markets 2020, op. cit. 
note 1, and from Becquerel Institute, op. cit. note 1. Numbers 
were significantly different for Pakistan (160 MW added for total 
of 1,329 MW), Malaysia (346 MW; 882 MW) and Kazakhstan 
(333 MW; 542 MW), based on data for end-2018 and end-2019, 
from IRENA, op. cit. note 44.

69 “Your guide to solar market growth in the global ‘gigawatt club’”, pv 
magazine, 18 January 2020 https://pv-magazine-usa.com/2020/01/ 
18/your-guide-to-solar-market-growth-in-the-global-gigawatt-club.

70 Pakistan’s additions are preliminary data from Becquerel Institute, 
op. cit. note 1. Pakistan’s year-end total was about 5 GW, from A. 
Jäger-Waldau, EC, personal communication with REN21, 10 April 
2020, and was 1.3 GW, from IRENA, op. cit. note 44.

71 Decline in 2019 and Turkey installed an estimated 932 MW for a 
total of 8,080 MW from IEA PVPS, Snapshot of Global PV Markets 
2020, op. cit. note 1, pp. 6, 9, and from Becquerel Institute, op. cit. 
note 1; decline of 37% in 2018 from SolarPower Europe, “Strong 
solar growth in Europe, Germany largest market”, press release 
(Brussels: 20 February 2019), http://www.solarpowereurope.org/
eu-solar-market-grows-36-in-2018; reasons for 2019 decline from 
“Your guide to solar market growth in the global ‘gigawatt club’”, 
op. cit. note 69; E. Bellini, “Turkey introduces net metering for 
residential PV and new rules for unlicensed solar”, pv magazine, 
20 May 2019, https://www.pv-magazine.com/2019/05/20/
turkey-introduces-net-metering-for-residential-pv-and-new-
rules-for-unlicensed-solar. Turkey installed an estimated 923 MW 
in 2019, for a cumulative total of almost 6 GW, from J. Martín, 
“Turkish solar eyes 1GW-a-year growth after nearing cumulative 
6GW”, PV-Tech, 20 January 2020, https://www.pv-tech.org/news/
turkish-solar-eyes-1gw-a-year-growth-after-nearing-cumulative-
6gw.

72 Bellini, op. cit. note 71.
73 Bangladesh held at least one tender, from A. Bhambhani, 

“Bangladesh Power Development Board issues re-tender 
for 100 MW solar power development near Chuadanga & 
Netrokona substations; August 7, 2019 last date to submit bids”, 
TaiyangNews, 10 July 2019, http://taiyangnews.info/business/
bangladesh-solar-pv-tender-for-2x50-mw. Bangladesh also 
has several large-scale projects in the pipeline, from IEA PVPS, 
Trends in Photovoltaic Applications 2019, op. cit. note 1, p. 30; 
Cambodia secured a record-low bid for Southeast Asia in a 
tender, from M. Hall, “Cambodia tender secures lowest solar 
power price in Southeast Asia”, pv magazine, 6 September 2019, 
https://www.pv-magazine.com/2019/09/06/cambodia-tender-
secures-lowest-solar-power-price-in-southeast-asia; Mongolia 
had a 30 MW plant come online in 2019, from SENS Energy, 
“Sainshand, Mongolia”, STEAG Solar Energy Solutions, https://
www.sens-energy.com/en/portfolio/sainshand-mongolei, viewed 
10 April 2020; Pakistan launched a request for prequalification 
for a 40 MW tender, from A. Bhambhani, “Uzbekistan to tender 
900 MW PV under PPP model”, TaiyangNews, 22 October 2019, 
http://taiyangnews.info/markets/uzbekistan-to-tender-900-
mw-pv-under-ppp-model; UNIDO tendered for a hybrid solar 
PV-storage-diesel project in the Philippines, from E. Bellini, 
“Aquavoltaics in the Philippines”, pv magazine, 13 August 2019, 
https://www.pv-magazine.com/2019/08/13/aquavoltaics-in-the-
philippines; Singapore launched a floating solar tender, from 
M. Hall, “Singapore preps SE Asia’s ‘largest public floating solar 
tender’”, pv magazine, 4 July 2019,  https://www.pv-magazine.
com/2019/07/04/singapore-preps-se-asias-largest-public-
floating-solar-tender; Uzbekistan signed a mandate with the 
International Finance Corporation to tender solar PV capacity 
under the World Bank’s Scale Solar Program, from Bhambhani, 
op. cit. this note. 

74 Based on data from IEA PVPS, Snapshot of Global PV Markets 
2020, op. cit. note 1, and from Becquerel Institute, op. cit. note 1.

75 Ukraine added about 3.5 GW for a total of 4,840 MW, from 
IEA PVPS, Snapshot of Global PV Markets 2020, op. cit. note 1, 
pp. 6, 12, and from Becquerel Institute, op. cit. note 1; first time 
over 1 GW and feed-in tariff, from SolarPower Europe, op. cit. 
note 1, p. 18. Ukraine commissioned a total of 3,537.3 MW in 
2019 for cumulative capacity of 4,925 MW, and the cumulative 
capacity of residential solar PV installations reached 550 MW, 
from Ukrainian Wind Energy Association, Wind Power Sector 

of Ukraine 2019 (Kyiv: February 2020), p. 18. The boom in 
installations was driven by a scheduled 25% reduction in the 
“green” tariff rate for solar power plants, from idem. Ukraine 
third in Europe from IEA PVPS, Snapshot of Global PV Markets 
2020, op. cit. note 1, p. 6. Russian Federation from E. Bellini, 
“Russia’s largest PV plant comes online”, pv magazine, 22 May 
2019, https://www.pv-magazine.com/2019/05/22/russias-
largest-pv-plant-comes-online; the Russian Federation also 
commissioned a 60 MW project in the Astrakhan region, from T. 
Kenning, “Hevel commissions 60MW solar plant in Astrakhan, 
Russia”, PV-Tech, 1 March 2019, https://www.pv-tech.org/news/
hevel-commissions-60mw-solar-plant-in-astrakhan-russia. 

76 Close to 16 GW added in the EU from IEA PVPS, Snapshot 
of Global PV Markets 2020, op. cit. note 1, pp. 6, 8.  Figures of 
16 GW and close to 131.7 GW (and data for EU not including 
the United Kingdom) are based on preliminary data from 
idem, and from Becquerel Institute, op. cit. note 1. The EU 
added 15,634.9 MW in 2019 for a year-end total of 130.7 GW 
(accounting for decommissioned capacity), and generation 
in 2019 was 131.8 TWh (up from 122.936 TWh in 2018), from 
EurObserv’ER, op. cit. note 1, pp. 2, 5, 7. Additions in 2018 from 
SolarPower Europe, EU Market Outlook for Solar Power, 2019-2023 
(Brussels: 2019), p. 6, https://www.solarpowereurope.org/
eu-market-outlook-for-solar-power-2019-2023. 

77 Self-consumption and corporate sourcing from SolarPower 
Europe, op. cit. note 76, p. 6; C. Gilligan, “A new era of 
sustained growth”, pv magazine, 16 January 2020, https://www.
pv-magazine.com/2020/01/16/a-new-era-of-sustained-growth; 
government targets through tenders from SolarPower Europe, 
op. cit. note 76, pp. 6, 12, 82-83; SolarPower Europe, “EU solar 
boom: Over 100% solar market increase in 2019”, press release 
(Brussels: 10 December 2019), https://www.solarpowereurope.
org/eu-solar-boom-over-100-solar-market-increase-in-2019. 

78 All challenges except land availability from Gilligan, op. cit. 
note 77; land availability from, for example, “Your guide to solar 
market growth in the global ‘gigawatt club’”, op. cit. note 69; land 
availability and grid constraints from SolarPower Europe, op. cit. 
note 76, pp. 50, 76; Dutch Solar Energy Market Seeking Space to 
Grow Further, prepared for The Solar Future NL, Utrecht, 8-9 July 
2020, https://thesolarfuture.nl/nieuws-source/2020/3/2/dutch-
solar-energy-market-seeking-space-to-grow-further; Mints, The 
Solar Flare, op. cit. note 22, p. 28.  

79 Figures 26 of 28 and three-fourths from SolarPower Europe, op. 
cit. note 76, p. 6. Note that all EU countries added at least some 
capacity in 2019 – although less than 10 MW each in Latvia (1 MW), 
Croatia (6 MW) and the Slovak Republic (7 MW) – and additions in 
the top five countries accounted for 77% of the EU total, based on 
data from IEA PVPS, Snapshot of Global PV Markets 2020, op. cit. 
note 1, and from Becquerel Institute, op. cit. note 1.

80 Country rankings and data for the Netherlands (estimated 
2,400 MW), France (915 MW) and Poland (estimated 800 MW) 
from IEA PVPS, Snapshot of Global PV Markets 2020, op. cit. 
note 1, and from Becquerel Institute, op. cit. note 1. France 
added 889 MW of capacity in solar parks for a year-end total of 
9,435 MW, from Le réseau de transport d’électricité (RTE), Bilan 
Électrique 2019 (Paris: January 2020), p. 55, https://www.rte-
france.com/sites/default/files/bilan-electrique-2019_0.pdf; added 
890 MW for a total of 9,436 MW, from C. Rollet, “France installed 
890 MW of solar in 2019”, pv magazine, 11 February 2020, https://
www.pv-magazine.com/2020/02/11/france-installed-890-mw-
of-solar-in-2019, and connected 965.6 MW (and decommissioned 
5.1 MW) for a total of 10,575.9 MW, from EurObserv’ER, op. cit. 
note 1, p. 11. The Netherlands added 2.3 GW to 2.5 GW in 2019 
and France added 1,068 MW, from SolarPower Europe, op. cit. 
note 76, pp. 6, 49. Poland added 784 MW, from SolarPower 
Europe, op. cit. note 77. 

81 The Netherlands from SolarPower Europe, op. cit. note 76, 
pp. 9, 11. The Netherlands’ rooftop market included residential 
and commercial and industrial uses; the commercial rooftop 
market was the largest segment, at about 40%, from idem., pp. 
9, 49. Poland’s market quadrupled based on 203 MW installed 
in 2018, from SolarPower Europe, op. cit. note 76, p. 10; rising 
incentives and extension of net metering in Poland from E. 
Bellini, “Poland tops 1.3 GW of PV capacity”, pv magazine, 
14 January 2020, https://www.pv-magazine.com/2020/01/14/
poland-tops-1-3-gw-of-pv-capacity.

82 Based on data from SolarPower Europe, op. cit. note 76, p. 11; 
preliminary estimates from IEA PVPS, Snapshot of Global PV 
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Markets 2020, op. cit. note 1, from Becquerel Institute, op. cit. note 
1, 20 March 2020, and data for 2018 from IEA PVPS, Trends in 
Photovoltaic Applications 2019, op. cit. note 1, p. 96. Poland also 
passed 1 GW cumulative capacity in 2019, from EurObserv’ER, op. 
cit. note 1, p. 6.

83 SolarPower Europe, op. cit. note 76, p. 11. Italy added about 
0.6 GW for a total of 20.8 GW, from IEA PVPS, Snapshot of 
Global PV Markets 2020, op. cit. note 1, pp. 8, 10, and from 
Becquerel Institute, op. cit. note 1; and added 737 MW, a 
near-69% increase over the 437 MW added in 2018, for a 
total of 20.9 GW at the end of 2019, from Italian renewables 
association Anie Rinnovabili and grid operator Terna, cited in 
Bellini, op. cit. note 19. For more on Italy, see E. Bellini, “Italy has 
80 MW/168 MWh of storage linked to renewables”, pv magazine, 
2 October 2019, https://www.pv-magazine.com/2019/10/02/
italy-has-80-mw-168-mwh-of-storage-linked-to-renewables.

84 Based on additions of 4,752 MW for a total of 9,913 MW, from 
Carlos De Sande, Unión Española Fotovoltaica (UNEF), Madrid, 
personal communication with REN21, 28 May 2020. UNEF 
numbers are based on data from the Spanish system operator 
RED Eléctrica de España (additions of 4,201 MW for total of 
8,913 MW), which are in DC and for utility-scale plants only, plus 
UNEF’s estimates of solar PV capacity for self-consumption. 
See also RED Eléctrica de España, “Potencia instalada nacional 
(MW) – nacional”, data as of April 2020, https://www.ree.
es/es/datos/publicaciones/series-estadisticas-nacionales. 
Additions in 2018 based on 288 MW from IEA PVPS, Trends in 
Photovoltaic Applications 2019, op. cit. note 1, p. 97, on 235 MW, 
from S. Letón, “Solar panel systems soar in Spain thanks to 
friendlier regulation”, El Pais, 25 June 2019, https://elpais.com/
elpais/2019/06/24/inenglish/1561389834_185650.html, and on 
108 MW, from Becquerel Institute, op. cit. note 1, 28 May 2020. 

85 Mostly tendered projects and to meet EU obligations from 
Masson, op. cit. note 2, 4 May 2020. Tendered projects, PPAs 
et al. from SolarPower Europe, op. cit. note 76, pp. 9, 14, 45; J. 
Parnell, “The Spanish solar market has reawakened, but not every 
project with a grid-connection approval will get built”, GTM, 
15 October 2019, https://www.greentechmedia.com/articles/
read/spain-grid-connects-more-solar-in-2019-than-last-decade-
combined; J. Deign, “Spain’s other solar boom: Distributed 
systems for self-consumption”, GTM, 3 March 2020, https://
www.greentechmedia.com/articles/read/spain-goes-from-zero-
to-hero-on-solar-self-consumption. Interest in PPAs or sale 
into wholesale market is due to the fact that spot market prices 
generally are above the LCOE of solar generation in Spain, from 
J. Deign, “Spain moves to prevent a second solar bubble”, GTM, 
15 August 2019, https://www.greentechmedia.com/articles/read/
spain-tightens-rules-for-solar-as-second-bubble-looms, and to 
unwillingness by some investors to participate in auctions given 
retroactive policy changes of 2013, from J. Deign, “Spain grid-
connects more solar in 2019 than last decade combined”, GTM, 
15 October 2019, https://www.greentechmedia.com/articles/
read/spain-grid-connects-more-solar-in-2019-than-last-decade-
combined. See also EurObserv’ER, op. cit. note 1, pp. 6-8.

86 About 1 GW of capacity was in place for self-consumption 
by early 2020, most of it for small commercial, industrial and 
public sector consumers as barriers remain for residential 
customers, from Deign, “Spain’s other solar boom”, op. cit. 
note 85. An estimated 459 MW of new capacity was added for 
self-consumption (of which about 10% was estimated to be 
off-grid), with most of this in the industrial sector, followed by the 
commercial sector and then the residential sector, from UNEF, 
“The new regulation boosts the deployment of self-consumption 
in Spain”, 11 February 2020, https://unef.es/2020/02/the-new-
regulation-boosts-the-deployment-of-self-consumption-in-spain. 
Despite removal of the so-called Sun Tax in Spain, several 
retroactive measures placed on solar PV owners were to remain 
in place; some of these measures reduced revenues to solar PV 
system owners by as much as 50%, from IEA PVPS, Snapshot of 
Global PV Markets 2020, op. cit. note 1, p. 16.

87 SolarPower Europe, op. cit. note 76, p. 13.
88 J. Deign, “Spain moves to prevent a second solar bubble”, op. cit. 

note 85.
89 Based on 2,888 MW added in 2018 (year-end totals of 42,293 MW 

at end-2017 and 45,181 MW at end-2018), and 3,835 MW added in 
2019 based on end-2019 total of 49,016 MW, from German Federal 
Ministry for Economic Affairs and Energy and AGEE-Stat, op. 
cit. note 11, p. 7. Germany added 3.94 GW for a total of 49.78 GW, 

from German network operator, cited in S. Enkhardt, “Germany 
added almost 4 GW of PV in 2019”, pv magazine, 31 January 2020, 
https://www.pv-magazine.com/2020/01/31/germany-added-
almost-4-gw-of-pv-in-2019; added 3.9 GW for a total of 49.2 GW, 
from IEA PVPS, Snapshot of Global PV Markets 2020, op. cit. note 
1, p. 10; and added 3,856 MW (decommissioned 21 MW) for a total 
of 49,016 MW, from EurObserv’ER, op. cit. note 1, pp. 6, 8-9. The 
year 2019 was the third year running with a significant increase in 
new installations, from IEA PVPS, Snapshot of Global PV Markets 
2020, op. cit. note 1, p. 8. 

90 SolarPower Europe, op. cit. note 76, p. 9.
91 Bundesverband Solarwirtschaft e.V. (BSW-Solar), “Nearly 

100.000 new PV prosumers in Germany”, press release (Berlin: 
30 March 2020), https://www.solarwirtschaft.de/en/2020/03/30/
nearly-100-000-new-pv-prosumers-in-germany.  

92 M. Keijser, “In Germany, solar-powered homes are really catching 
on”, Wired, 25 March 2019, https://www.wired.com/story/
in-germany-solar-powered-homes-are-catching-on. Another 
source says that there were about 180,000 solar power storage 
units installed by the end of 2019, from BSW-Solar, “Statistische 
Zahlen der Deutschen – Solarstrombranche (Photovoltaik)”, 
March 2020, https://www.solarwirtschaft.de/datawall/
uploads/2020/04/bsw_faktenblatt_photovoltaik.pdf.

93 Goal from SolarPower Europe, op. cit. note 76, p. 47, and from 
S. Enkhardt, “German government wants 98 GW of solar by 
2030”, pv magazine, 9 October 2019, https://www.pv-magazine.
com/2019/10/09/german-government-wants-98-gw-of-
solar-by-2030; removal of cap was still under discussion at year’s 
end, from S. Hermann, German Environment Agency, personal 
communication with REN21, 12 April 2020. The cap is the level at 
which FIT payments to new systems (with capacity up to 750 kW) 
will stop; the country is expected to pass the 52 GW mark during 
2020, from S. Enkhardt, “Germany lifts cap on solar FIT program 
with new Climate Change Act”, pv magazine, 23 September 2020, 
https://www.pv-magazine.com/2019/09/23/germany-lifts-cap-
on-solar-fit-program-in-climate-change-act. Germany's coalition 
government decided to lift the cap in May 2020, from J. Parnell, 
"Onshore wind compromise averts German solar market crisis", 
GTM, 18 May 2020, https://www.greentechmedia.com/articles/
read/onshore-wind-policy-dispute-could-decimate-germanys-
distributed-solar-industry.

94 Solar PV gross generation increased from 45.784 billion kWh 
in 2018 to 47.517 billion kWh in 2019, and accounted for 8.2% 
of Germany’s electricity generation in 2019 (up from 7.7% in 
2018), from Federal Ministry for Economic Affairs and Energy 
and AGEE-Stat, op. cit. note 11, pp. 6, 44, 45. Share of generation 
in 2019 was 9%, based on 46.54 TWh of solar PV generation 
out of a total 513.76 TWh during 2019, from Fraunhofer ISE, 
“Annual electricity generation in Germany in 2019”, https://www.
energy-charts.de/energy.htm?source=all-sources&period=ann
ual&year=2019, updated 1 February 2020. Note that Fraunhofer 
ISE takes account only of electricity fed into the grid and does 
not include self-consumption, from Hermann, op. cit. note 93. 
Solar PV generated 46.7 TWh, or around 8% of Germany’s gross 
electricity consumption, from BSW-Solar, op. cit. note 92. An 
estimated 11% of total solar PV generation (about 5.3 TWh) was 
attributable to self-consumption, from EurObserv’ER, op. cit. 
note 1, p. 9. 

95 UK Department for Business, Energy & Industrial Strategy (BEIS), 
“Solar photovoltaics deployment in the UK”, https://www.gov.
uk/government/statistics/solar-photovoltaics-deployment, 
updated 30 January 2020; L. Stoker, “UK government confirms 
plan to end key rooftop solar support”, PV-Tech, 18 December 
2018, https://www.pv-tech.org/news/uk-government-confirms-
plan-to-end-key-rooftop-solar-support. Plans for a new 
scheme were related in June with expectations that it would be 
launched in January 2020, from J. Thornhill, “Under new rules 
for selling solar power, is it still worth it?” The Guardian (UK), 
30 June 2019, https://www.theguardian.com/money/2019/jun/30/
solar-panels-smart-export-guarantee-is-it-still-worth-it. 

96 J. Ambrose, “Home solar panel installations fall by 94% as 
subsidies cut”, The Guardian (UK), 5 June 2019, https://
www.theguardian.com/environment/2019/jun/05/home-
solar-panel-installations-fall-by-94-as-subsidies-cut. See 
also A. Vaughan, “Solar households expected to give away 
power to energy firms”, The Guardian (UK), 18 December 
2018, https://www.theguardian.com/business/2018/dec/18/
solar-power-energy-firms-government. 
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op. cit. note 1, p. 6.
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next year”, PV-Tech, 3 December 2019, https://www.pv-tech.org/
editors-blog/uk-solar-market-to-return-to-gigawatt-demand- 
status-next-year. 

100 SolarPower Europe, op. cit. note 76, p. 13, 83. See also 
C. Rollet and S. Enkhardt, “Private solar PPAs signed in 
France and Germany”, pv magazine, 4 December 2019, 
https://www.pv-magazine.com/2019/12/04/private-solar-
ppas-signed-in-france-and-germany; E. Bellini, “PPA-
linked solar park comes online in Sweden”, pv magazine, 
22 July 2019, https://www.pv-magazine.com/2019/07/22/
ppa-linked-solar-park-comes-online-in-sweden.   

101 SolarPower Europe, op. cit. note 76, p. 13; “Pan-European contract 
template unlocks financing for solar, wind”, New Energy Update, 
3 July 2019, https://analysis.newenergyupdate.com/pv-insider/
pan-european-contract-template-unlocks-financing-solar-wind.

102 J. Deign, “New ground: Spanish firm signs PPA for crowdfunded 
solar plant”, GTM, 11 June 2019, https://www.greentechmedia.
com/articles/read/spanish-firm-signs-ppa-for-crowdfunded-
solar-plant; “Europe solar investors adapt contracts to supply 
smaller, riskier firms”, New Energy Update, 20 March 2019,  http://
newenergyupdate.com/pv-insider/europe-solar-investors-adapt-
contracts-supply-smaller-riskier-firms.
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projects under PPAs”, pv magazine, 29 January 2020, https://
www.pv-magazine.com/2020/01/29/europe-has-now-8-4-gw-
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from idem. See also EurObserv’ER, op. cit. note 1, p. 11. 

104 America’s share based on data from IEA PVPS, Snapshot of 
Global PV Markets 2020, op. cit. note 1, and from Becquerel 
Institute, op. cit. note 1. Figure 31 based on IEA PVPS, Snapshot 
of Global PV Markets 2020, op. cit. note 1, on Becquerel Institute, 
op. cit. note 1, and on country-specific data and sources provided 
throughout this section (or see endnote for Reference Table R16).

105 Solar Energy Industries Association (SEIA) and Wood Mackenzie, 
U.S. Solar Market Insight, 2019 Year in Review – Executive 
Summary (Washington, DC: March 2020), p. 5, https://www.
woodmac.com/research/products/power-and-renewables/
us-solar-market-insight. The United States added an estimated 
9,114.4 MW (3,663.7 MW of small-scale plus 5,450.7 MW of 
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of 58,782 MW at end-2019, from EIA, op. cit. note 12, Table 6.1. 
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nameplate capacity less than 1 MW, from idem. US EIA reports 
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note 1.

106 SEIA and Wood Mackenzie, op. cit. note 105, p. 5. If counting only 
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(47.9 MW), all from US EIA, op. cit. note 12, Table 6.1. Note that 
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107 SEIA and Wood Mackenzie, op. cit. note 105, p. 10. California 
added 3,124.6 MW, Texas added 1,381.2 MW, and Florida added 
1,377.1 MW, from idem.

108 D. Kovaleski, “Hawaiian Electric reports record increase in 
solar capacity”, Daily Energy Insider, 21 January 2020, https://
dailyenergyinsider.com/news/23902-hawaiian-electric-sees-
record-increase-in-solar-capacity; followed by California and 
Arizona includes projects with up to 1 MW capacity, from W. 
Driscoll, “Ten sunniest US states added 1.8 GW of small-scale 
solar in 2019, as solar advocates press for more”, pv magazine, 
10 February 2020, https://pv-magazine-usa.com/2020/02/10/
ten-sunniest-us-states-added-1-8-gw-of-small-scale-solar-in-
2019-as-solar-advocates-press-for-more.
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https://www.eia.gov/tools/faqs/faq.php?id=427&t=3, updated 
27 February 2020, and from US EIA, op. cit. note 12, Table 1.1.A. 
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69 TWh of utility-scale generation from idem, both sources, and 
on generation from all solar PV facilities of 104.057 GWh in 2019, 
based on data from US EIA, op. cit. note 12, Tables 1.17.B and 1.3.B. 

110 SEIA and Wood Mackenzie, op. cit. note 105, p. 5.
111 Ibid., p. 9.
112 Ibid., pp. 5, 6, 8, 14.
113 Ibid., pp. 7, 12; J. Spector and E. F. Merchant, “Fast times for the 

US residential solar market”, GTM, 21 November 2019, https://
www.greentechmedia.com/articles/read/the-latest-trends-
in-residential-solar-q3; I. Ivanova, “After PG&E blackout, 
California homeowners shift to solar and batteries”, CBS News, 
21 October 2019, https://www.cbsnews.com/news/after-pg-e-
blackouts-california-homeowners-move-to-solar-and-batteries; 
L. Milford, “California power shut-offs drive customers to 
solar and storage”, Renewable Energy World, 8 November 
2019, https://www.renewableenergyworld.com/2019/11/08/
california-power-shut-offs-drive-customers-to-solar-and-storage.

114 K. Misbrener, “California celebrates 1 million solar roofs”, 
Solar Power World, 13 December 2019, https://www.
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panel mandate for new homes”, CNBC, 6 December 2018, https://
www.cnbc.com/2018/12/06/california-clears-final-hurdle-for-
state-solar-mandate-for-new-homes.html; J. Pyper, “California’s 
rooftop solar mandate wins final approval”, GTM, 5 December 
2018, https://www.greentechmedia.com/articles/read/
california-solar-roof-mandate-wins-final-approval.

115 The programme was first launched in 2015 and operated 
through 2016; it was redesigned and relaunched in September 
2019, from US Department of Energy (DOE), Office of Energy 
Efficiency and Renewable Energy (EERE), “National Community 
Solar Partnership (FY2016)”, https://www.energy.gov/eere/
solar/national-community-solar-partnership-fy2016, viewed 28 
April 2020, and from DOE, EERE, “U.S. Department of Energy 
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initiatives”, 25 September 2019, https://www.energy.gov/eere/
solar/articles/us-department-energy-announces-winners-solar-
prize-and-two-new-innovative-solar. 

116 SEIA and Wood Mackenzie, op. cit. note 105, p. 16; Solar ITC 
information from “Solar pipelines soar in new global markets; 
US lawmakers call for 30% ITC extension”, New Energy Update, 
31 July 2019, https://analysis.newenergyupdate.com/pv-insider/
solar-pipelines-soar-new-global-markets-us-lawmakers-call-
30-itc-extension; Bolinger, Seel and Robson, op. cit. note 1, p. 8; 
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https://www.greentechmedia.com/articles/read/solar-industry-
makes-case-for-itc-extension-as-it-preps-for-phasedown; Mints, 
The Solar Flare, op. cit. note 2, p. 22. 

117 Stockpiled to take advantage of ITC from P. Mints, SPV Market 
Research, The Solar Flare, no. 1 (28 February 2020), p. 12; B. 
Eckhouse, “U.S. solar companies are stockpiling a massive 
amount of panels”, Bloomberg, 13 November 2019, https://www.
bloomberg.com/news/articles/2019-11-12/u-s-solar-companies-
are-stockpiling-a-massive-amount-of-panels; installers at capacity 
from D. Renné, International Solar Energy Society, Boulder, CO, 
personal communication with REN21, 23 March 2020.
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119 SEIA and Wood Mackenzie, op. cit. note 105, p. 16. Of the 
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120 Ibid., p. 16.  
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began in the US Southwest and are spreading now to northern 
states, from idem.
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growing dispatch skills”, New Energy Update, 12 February 2020, 
https://analysis.newenergyupdate.com/pv-insider/trailblazing-pv-
storage-contract-shows-growing-dispatch-skills. For comparison, 
note that seven utility-scale solar PV-plus-battery storage 
projects came online in 2018, from Bolinger, Seel and Robson, 
op. cit. note 1, p. ii. As of early 2020, the California Independent 
System Operator had a queue of active requests for 14.5 GW 
of solar PV, 10.5 GW of solar PV with storage as a secondary 
source of generation 14.9 GW of solar PV with storage with solar 
PV as the secondary source, and 16 GW of energy storage with 
no secondary source of generation, all from R. Canonica and K. 
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Part I – California”, S&P Global Platts, 8 April 2020, https://www.
spglobal.com/en/research-insights/articles/rapid-renewables-
growth-brings-challenges-for-us-states-part-i-california. See 
also LBNL, “Hybrid power plants are growing rapidly: Are 
they a good idea?” 13 March 2020, https://emp.lbl.gov/news/
hybrid-power-plants-are-growing-rapidly-are. 

124 G. Barbose and N. Darghouth, Tracking the Sun, Pricing and 
Design Trends for Distributed Photovoltaic Systems in the United 
States 2019 Edition (Berkeley, CA: LBNL, October 2019), p. 2, 
https://emp.lbl.gov/sites/default/files/tracking_the_sun_2019_
report.pdf; Milford, op. cit. note 113; Ivanova, op. cit. note 113. 

125 Challenging economic conditions (among top solar installers) in 
Argentina and Brazil, in particular, from I. Sagardoy, Fundacion 
Bariloche, personal communication with REN21, April 2020; F. 
Sabadini, RWTH – Aachen, personal communication with REN21, 
1 April 2020; abundance of solar resources from M. Dorothal, 
“Top 30 Latin American solar PV plants (2018 update)”, Unlocking 
Solar Capital, 22 May 2018, https://lac.unlockingsolarcapital.
com/news-english/2018/5/22/top-30-latin-american-solar-pv-
plants-2018-update; cost/price reductions are driving decisions, 
from E. Cruz, Climate Finance Solutions, personal communication 
with REN21, 13 April 2020; favourable political climates from 
Dorothal, op. cit. this note; favourable until 2019 from Sagardoy, 
op. cit. this note. Note that in 2019, Mexico cancelled its fourth 
long-term auction, which had already been announced, as well 
as tenders to two transmission lines; 2019 medium-term auctions 
were cancelled as well, from IRENA, Renewable Energy Auctions: 
Status and Trends Beyond Price (Abu Dhabi: 2019), p. 17, https://
www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/
Dec/IRENA_RE-Auctions_Status-and-trends_2019.pdf. 

126 Brazil from ABSOLAR, “Infográfico ABSOLAR – Energia solar 
fotovoltaica no Brasil”, 15 April 2020, http://www.absolar.org.br/
infografico-absolar.html, viewed 20 April 2020. Mexico based 
on the following: year-end 2018 capacity of 3,075 MW, from 
Mexican Solar Energy Association (ASOLMEX), cited in J. Zarco, 
“Mexico reaches 4 GW milestone”, pv magazine, 20 June 2019, 
https://www.pv-magazine.com/2019/06/20/mexico-reaches-
4-gw-milestone; total of 5,000 MW capacity at end-2019 from 
ASOLMEX, cited in E. Mariano, “Energía Solar crece 62% en 

México: Asolmex”, Energy and Commerce, 20 January 2020, 
https://energyandcommerce.com.mx/energia-solar-crece-62-
en-mexico-asolmex (using Google Translate); total of 5,151 MW 
(4,333 MW of centralised capacity and 818 MW of distributed 
capacity), as of January 2020, from ASOLMEX, cited in J. Zarco, 
“Los números, las cifras de una energía que ilumina la República 
Mexicana”, pv magazine, 12 February 2020, https://www.
pv-magazine-mexico.com/2020/02/12/los-numeros-las-cifras-
de-una-energia-que-ilumina-la-republica-mexicana (using Google 
Translate); and an estimated 1 GW in 2019 is preliminary data from 
IEA PVPS, Snapshot of Global PV Markets 2020, op. cit. note 1, p. 6. 
Argentina from Becquerel Institute, op. cit. note 1, 20 March 2020.

127 J. Martín, “All systems go for Colombia’s largest PV plant to 
date”, PV-Tech, 8 April 2019, https://www.pv-tech.org/news/
all-systems-go-for-colombias-largest-pv-plant-to-date; C. Rollet, 
“Neoen commissions a 51.5 MWp photovoltaic park in Jamaica”, 
pv magazine, 4 October 2019, https://www.pv-magazine.
fr/2019/10/04/neoen-met-en-service-un-parc-photovoltaique-de-
515-mwc-en-jamaique; C. Rollet, “Solar delivers cheapest power in 
Jamaica”, pv magazine, 4 October 2019, https://www.pv-magazine.
com/2019/10/04/solar-delivers-cheapest-power-in-jamaica.

128 Argentina, Chile, Colombia and Ecuador from E. H. Gallego and 
N. G. Espinosa, “Latin America renewable energy: calls for public 
bids”, GreenbergTraurig, 27 August 2019, https://www.gtlaw.
com/en/insights/2019/8/convocatorias-en-materia-de-energias-
renovables-en-latinoamerica; J. Martín, “Second tender inclusion 
sets Brazil’s PV for three-year bonanza”, PV-Tech, 10 May 2019, 
https://www.pv-tech.org/news/second-tender-inclusion-sets-
brazils-pv-for-three-year-bonanza; Ecuador also from J. Martín, 
“Ecuador seeks developers of 200MW solar plant”, PV-Tech, 
31 July 2019, https://www.pv-tech.org/news/ecuador-seeks-
developers-of-200mw-solar-plant; Bellini, “Guatemala launches 
tender for 110 MW solar project”, pv magazine, 3 May 2019, 
https://www.pv-magazine.com/2019/05/03/guatemala-launches-
tender-for-110-mw-solar-project; New Energy Events, “Jamaica 
issues call for tenders for solar and energy storage project”, 
31 January 2019, http://newenergyevents.com/jamaica-issues-
call-for-tenders-for-solar-and-energy-storage-project. Colombia 
also from Office of the President, Government of Colombia, “Con 
nueva subasta, Gobierno Nacional superó en más del 50% la 
meta en energías renovables”, https://id.presidencia.gov.co/
Paginas/prensa/2019/Con-nueva-subasta-Gobierno-Nacional-
supero-en-mas-del-50-la-meta-en-energias-renovables-191022.
aspx (using Google Translate), from E. Bellini, “La subasta de 
Colombia termina con precio promedio final de $0,027/kWh”, 
pv magazine, 23 October 2019, https://www.pv-magazine-latam.
com/2019/10/23/la-subasta-de-colombia-termina-con-precio-
promedio-final-de-0027-kwh (using Google Translate), and from 
V. Volcovici, “Latin America pledges 70% renewable energy, 
surpassing EU: Colombia minister”, Reuters, 25 September 
2019, https://www.reuters.com/article/us-climate-change-un-
colombia-idUSKBN1WA26Y. By early 2020, Colombia’s solar 
project pipeline was 9.48 GW, from P. S. Molina, “Colombia’s 
9.48 GW solar project pipeline”, pv magazine, 15 April 2020, 
https://www.pv-magazine.com/2020/04/15/colombias-9-48-
gw-solar-project-pipeline. A private tender was called in Chile 
by copper miner Antofagasta Minerals, from “Antofagasta 
Minerals launches tender for Chile PV solar plant”, bnamericas, 
12 February 2019, https://www.bnamericas.com/en/news/
antofagasta-minerals-launches-tender-for-chile-pv-solar-plant. 

129 Brazil added 2,059 MW (including large-scale and rooftop 
installations) for a total year-end capacity of 4,470 MW, from 
ABSOLAR, “Energia Solar Fotovoltaica no Brasil Infográfico 
ABSOLAR”, January and March 2020, http://www.absolar.org.
br/infografico-absolar.html, provided by ABSOLAR, personal 
communication with REN21, 15 April 2020.

130 Figure of 650 MW based on data from ABSOLAR, “Energia Solar 
Fotovoltaica no Brasil Infográfico ABSOLAR”, 15 April 2020, 
http://www.absolar.org.br/infografico-absolar.html. The 156 MW 
Juazeiro solar farm in Bahia is reportedly the first in Latin America 
to be built with a digital sub-station, from “Atlas fires up 156MW 
Brazil solar”, reNEWS, 21 August 2019, https://renews.biz/54902/
atlas-fires-up-156mw-brazil-solar. Also completed in 2019 was the 
117 MW Sertão Solar Barreiras Complex, which was contracted 
after a 2017 auction under a 20-year PPA and is expected 
to provide electricity to 145,000 families annually, from Atlas 
Renewable Energy, “Atlas Renewable Energy announces fourth 
plant in Brazil reaches commercial operation, generating 275 GWh 
per year”, press release (São Paulo, Brazil: 17 December 2019), 
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https://www.prnewswire.com/news-releases/atlas-renewable-
energy-announces-fourth-plant-in-brazil-reaches-commercial-
operation-generating-275-gwh-per-year-300975772.html. 

131 Figure of 5.7 GW from M. Takata, Greener, and provided by 
ABSOLAR, personal communication with REN21, 22 April 2020; 
interest in PPAs from ABSOLAR, personal communication, April 
2020, from E. Bellini, “Private PPAs for solar are proliferating 
in Latin America”, pv magazine, 4 October 2018, https://www.
pv-magazine.com/2018/10/04/private-ppas-for-solar-are- 
proliferating-in-latin-america, and from E. Bellini and P. S. 
Molina, “Scratching the surface of Brazil’s huge solar potential”, 
pv magazine, 11 June 2019, https://www.pv-magazine.
com/2019/06/11/scratching-the-surface-of-brazils- 
huge-solar-potential.  

132 Record-setting low bid prices and sales into free market from 
E. Bellini, “Solar at $17.30/MWh in Brazil’s auction; is it a world 
record?” pv magazine, 22 July 2019, https://www.pv-magazine.
com/2019/07/22/solar-at-17-30-mw-in-brazils-auction-is-it-a-
world-record, and from M. Willuhn, “Portuguese auction attracts 
world record bid of €14.8/MWh for solar”, pv magazine, 31 July 
2019,  https://www.pv-magazine.com/2019/07/31/portuguese-
auction-attracts-world-record-bid-of-e14-8-mwh-for-solar; at 
least 30%, based on official requirements from the Brazilian 
Electricity Regulatory Agency for electricity auctions, from 
ABSOLAR, personal communication, April 2020.

133 An estimated 1,409 MW of distributed capacity was added in 
2019, for a year-end total of 1,997 MW, from ABSOLAR, op. 
cit. note 130; drivers from E. Bellini, “High power prices, falling 
PV costs and new regulations behind Brazil’s solar carnival”, 
pv magazine, 6 September 2019, https://www.pv-magazine.
com/2019/09/06/high-power-prices-falling-pv-costs-and-new-
regulations-behind-brazils-solar-carnival.

134 Residential consumers accounted for 72.6% of distributed 
generation capacity, followed by commercial (17.99%) and rural 
(6.25%) installations, from ABSOLAR, cited in L. Morais, “Brazil 
hits 2 GW of DG solar”, Renewables Now, 22 January 2020, 
https://renewablesnow.com/news/brazil-hits-2-gw-of-dg-
solar-684361; rising shares of commercial and industrial also from 
Bellini, op. cit. note 133.

135 Bellini, op. cit. note 133; E. Bellini, “Brazilian regulator wants to 
reduce net metering credit and introduce grid fee”, pv magazine, 
6 November 2019, https://www.pv-magazine.com/2019/11/06/
brazilian-regulator-wants-to-reduce-net-metering-credit-and-
introduce-grid-fee.

136 ASOLMEX, cited in “Solar power on the rise: Installations up 
62% last year”, Mexico News Daily, 28 January 2020, https://
mexiconewsdaily.com/news/solar-power-on-the-rise, and in 
Mariano, op. cit. note 126. Mexico added almost 2 GW for a year-
end total of about 5 GW based on the following: year-end 2018 
capacity of 3,075 MW, from ASOLMEX, cited in Zarco, “Mexico 
reaches 4 GW milestone”, op. cit. note 126; total of 5,000 MW 
at end-2019, from ASOLMEX, cited in Mariano, op. cit. note 126; 
total of 5,151 MW (4,333 MW of centralised capacity and 818 MW 
of distributed capacity), as of January 2020, from ASOLMEX, cited 
in Zarco, “Los números, las cifras de una energía que ilumina la 
República Mexicana”, op. cit. note 126; added about 1 GW for a total 
of 5,102 MW, from IEA PVPS, Snapshot of Global PV Markets 2020, 
op. cit. note 1, p. 6, and from Becquerel Institute, op. cit. note 1. 

137 Enel, “Enel brings the power of green energy to the Mexican 
state of Tlaxcala by starting operations at 220 MW solar plant 
Magdalena II”, 29 November 2019, https://www.enel.pe/en/about-
enel/media/news/d201911-enel-starts-operations-at-solar-plant-
magdalena-ii.html. Additional projects completed in 2019 include a 
120 MW, from “EDF makes Mexican solar debut”, reNEWS, 5 July 
2019, https://renews.biz/54113/edf-makes-mexican-solar-debut, 
and a 350 MW plant, from I. Shumkov, “Cubico finalises 600 MW of 
renewable energy projects in Mexico”, Renewables Now, 2 October 
2019, https://renewablesnow.com/news/cubico-finalises-600-mw-
of-renewable-energy-projects-in-mexico-671263.

138 P. Molina, “Region’s first utility scale solar-plus-storage project 
comes online in Mexico”, pv magazine, 2 May 2019, https://www.
pv-magazine.com/2019/05/02/regions-first-utility-scale-solar-
plus-storage-project-comes-online-in-mexico. The project has 
32 MW of solar PV and 10.5 MW/7 MWh of lithium-ion battery 
storage, from idem.

139 SolarPower Europe, op. cit. note 1, p. 68; “Postponed Roundtables 
Mexico @ Solar Power Mexico 2020”, pv magazine, https://www.

pv-magazine.com/pv-magazine-events/roundtables-south-
america-solar-power-mexico-2020, viewed 21 April 2020. In 
addition, the private market for PPAs remains in the infancy stage 
in Mexico, from idem.

140 Mexico had more than 112,660 contracts for solar rooftop 
systems, with total installed of 818 MW, including residential, 
commercial and industrial users, from ASOLMEX, cited in 
Mariano, op. cit. note 126.

141 Record additions from Clean Energy Council, op. cit. note 11, pp. 
4, 6, 18, 69, 72, 76; ranked eighth based on data from IEAP PVPS, 
Snapshot of Global PV Markets 2020, op. cit. note 1, and on data 
and sources throughout this section.

142 Figure of 3.7 GW added in 2019 for a year-end total of 14.7 GW 
from APVI, contribution to IEA PVPS, from Becquerel Institute, 
op. cit. note 1, 12 May 2020. Total additions of 3.8 GW based on 
2,190 MW of small-scale (up to 100 kW), more than 162 MW of 
medium-scale (100 kW to 5 MW) and 1,416 MW of large-scale 
(>5 MW), and cumulative capacity of 13.6 GW based on a total 
10,371.66 MW of small-scale, more than 400 MW of medium-
scale and 2,807 MW of large-scale capacity (at least some of 
which is in AC), all from Clean Energy Council, op. cit. note 11, pp. 
4, 6, 18, 69, 72, 76. Note that medium-scale total is an estimated 
based on a figure in idem, p. 72. 

143 Output affected by bushfires from N. Filatoff, “Where there’s 
smoke… there’s reduced PV output”, pv magazine, 21 January 
2020, https://www.pv-magazine.com/2020/01/21/where-theres-
smoke-theres-reduced-pv-output; generation of 18.1 TWh and 
share of 7.8% based on 12,269 GWh (5.3%) of generation by 
small-scale systems, 5,141 GWh (2.2%) by large-scale systems 
and 716 GWh (0.3%) by medium-scale systems, from Clean 
Energy Council, op. cit. note 11, p. 9. Increase of 54.7% based on 
generation of 11.7 TWh in 2018, from Clean Energy Council, Clean 
Energy Australia Report 2019 (Melbourne: 2019), pp. 8, 9, https://
assets.cleanenergycouncil.org.au/documents/resources/reports/
clean-energy-australia/clean-energy-australia-report-2019.pdf. 

144 APVI, “IEA PVPS Annual Report Australia 2019”, 2020, 
http://apvi.org.au/wp-content/uploads/2020/02/
PVPS-Annual-Report-2019-Aus_v2.pdf.

145 Clean Energy Council, op. cit. note 11, pp. 44-45. Note that the 
400 MW is probably in alternating current (AC). Wind power 
accounted for the remaining 18%, from idem. Slower pace also 
from M. Maisch, “Global corporations set new record contracting 
19.5 GW of wind and solar projects”, pv magazine, 30 January 
2020, https://www.pv-magazine-australia.com/2020/01/30/
global-corporations-set-new-record-contracting-19-5-gw-of-
wind-and-solar-projects. Solar PPAs represented a significant 
portion of the country’s market for large-scale renewable 
energy projects, from idem. See also M. Maisch, “Coles 
signs PPA for three solar farms in Australia”, pv magazine, 
20 August 2019, https://www.pv-magazine.com/2019/08/20/
coles-signs-ppa-for-three-solar-farms-in-australia.  

146 Clean Energy Council, op. cit. note 11, p. 44.
147 Sydney Opera House, “Opera House marks World Environment 

Day with significant sustainability progress”, press release (Sydney: 
5 June 2019), https://www.sydneyoperahouse.com/content/Non-
Indexed/media/newsroom/MEDIA-RELEASE-world-environment-
day.html; S. Vorrath, “’Australian first’ residential solar PPA a big hit 
with new home buyers”, One Step Off the Grid, 3 July 2019, https://
onestepoffthegrid.com.au/australia-first-residential-solar-ppa-a-
big-hit-with-new-home-buyers. 

148 M. Maisch, “Australia’s move toward merchant solar”, pv 
magazine, 21 October 2019, https://www.pv-magazine.com/
magazine-archive/australias-move-toward-merchant-solar. 

149 About 1,416 MW was added in 2019 for a year-end total of 
2,807 MW, from Clean Energy Council, op. cit. note 11, pp. 6, 76. 
These numbers are believed to be in alternative current (AC). 
Note that average DC-AC ratio for the majority of solar PV plants 
installed up to April 2019 was estimated to be 1.27, from APVI, 
personal communication with REN21, 20 May 2020.

150 Ibid., pp. 64, 68-71. Average system size increased from 1.97 kW 
per system in 2010 to 7.62 kW per system in 2019, from idem.

151 Up 35% with 2,190.8 MW added in 2019 (and 1,616 MW added 
in 2018), in 287,504 newly installed systems, for a year-end total 
of 10,371.6 MW in 2.3 million systems, all from Ibid., pp. 7, 64, 68, 
69. Note that additions were 2.13 GW (for systems under 100 kW) 
for a total of 10 GW, from SunWiz, cited in M. Maisch, “Australia 
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installs 2.13 GW of rooftop solar in 2019”, pv magazine, 15 January 
2020, https://www.pv-magazine-australia.com/2020/01/15/
australia-installs-2-13-gw-of-rooftop-solar-in-2019/; and  
household and commercial rooftop solar (up to 5 MW) 
installations were 2.4 GW in 2019, up 40% over the 1.7 GW 
installed in 2018, with 2.2 GW added being small-scale solar 
PV, all from Australian Government, Clean Energy Regulator, 
Quarterly Carbon Market Report – December Quarter 2019 
(Canberra: 2020), pp. 23, 36, http://www.cleanenergyregulator.
gov.au/DocumentAssets/Documents/Quarterly%20Carbon%20
Market%20Report%20-%20December%20Quarter%202019.pdf.

152 Ibid., p. 9. Estimated equivalent number of households powered 
over the year by small-scale solar PV systems was 2,669,440, 
from idem.

153 Ibid., p. 4. Estimates were a further 20,000 installed during 2019, 
about the same as in 2018, from APVI, op. cit. note 144.

154 Transforming landscape and pushing out coal plants from 
R. Verdonck, “Solar is beating out coal in Australia, pushing 
down emissions”, Bloomberg, 10 February 2020, https://www.
bloomberg.com/news/articles/2020-02-10/solar-is-beating-out-
coal-in-australia-pushing-down-emissions. See also M. Maisch, 
“Solar and wind set new output record even as curtailment 
continues to bite”, pv magazine, 12 February 2020, https://www.
pv-magazine-australia.com/2020/02/12/solar-and-wind-set-
new-output-record-even-as-curtailment-continues-to-bite. 
Coal plants unreliable and expensive to operate from Clean 
Energy Council, Australia’s Clean Energy Investment Outlook 
(Melbourne: 11 September 2019), pp. 1, 4, https://assets.
cleanenergycouncil.org.au/documents/resources/reports/
CEC-briefing-paper-Australias-clean-energy-investment-
outlook-September-2019.pdf; SolarPower Europe, op. cit. 
note 1, p. 64. See also J. Thornhill, “A creaking grid jams up 
Australia’s switch to green energy”, Bloomberg, 2 August 2019, 
https://www.bloomberg.com/news/articles/2019-08-01/
creaking-grid-is-jamming-up-australia-s-switch-to-green-energy.

155 Beyond expectations from G. Parkinson, “It’s not easy to build a 
solar farm in Australia any more”, RenewEconomy, 16 May 2019, 
https://reneweconomy.com.au/its-not-easy-to-build-a-solar-
farm-in-australia-any-more-59308; M. Maisch, “5 things to watch 
in Australian solar sector in 2020”, pv magazine, 15 February 
2020, https://www.pv-magazine-australia.com/2020/02/15/5-
things-to-watch-in-australian-solar-sector-in-2020; S. Hanley, 
“Renewable energy developers ready to quit Australia over 
idiotic government policies”, CleanTechnica, 18 February 2020, 
https://cleantechnica.com/2020/02/18/renewable-energy-
developers-ready-to-quit-australia-over-idiotic-government-
policies; overcrowded grid and connection delays from 
BloombergNEF, cited in G. Parkinson, “Australia wind and solar 
investment plunges as coalition turns blind eye to transition”, 
RenewEconomy, 17 January 2020, https://reneweconomy.
com.au/australia-wind-and-solar-investment-plunges-as-
coalition-turns-blind-eye-to-transition-75633; G. Parkinson, 
“Wind and solar plants hit by massive de-ratings in congested 
grid”, RenewEconomy, 8 March 2019, https://reneweconomy.
com.au/wind-and-solar-plants-hit-by-massive-de-ratings-in-
congested-grid-96404; K. Thornton, “Breaking Australia’s vicious 
energy cycle”, press release (Melbourne: Clean Energy Council, 
16 March 2020), https://www.cleanenergycouncil.org.au/news/
breaking-australias-vicious-energy-cycle. Investment failed to 
keep up from Clean Energy Council, op. cit. note 11, p. 7. 

156 Time-consuming, costly and reducing revenue from G. Parkinson, 
“Grid queue for new generation totals 96GW, but will house 
full sign go up soon?” RenewEconomy, 30 July 2019, https://
reneweconomy.com.au/grid-queue-for-new-generation-totals-
96gw-but-will-house-full-sign-go-up-soon-50693; lack of policy 
and target clarity, and regulatory risks from Clean Energy Council, 
op. cit. note 154, pp. 1, 4; Mints, The Solar Flare, op. cit. note 22, 
p. 12; Parkinson, “It’s not easy to build a solar farm in Australia 
any more”, op. cit. note 155; Maisch, op. cit. note 155; Hanley, 
op. cit. note 155; Clean Energy Council, cited in M. Maisch, 
“Renewables investment collapses due to network woes and 
policy uncertainty”, pv magazine, 1 February 2020, https://www.
pv-magazine-australia.com/2020/02/01/renewables-investment-
collapses-due-to-network-woes-and-policy-uncertainty; 
Parkinson, “It’s not easy to build a solar farm in Australia any 
more”, op. cit. note 155; Maisch, op. cit. note 155; Hanley, op. cit. 
note 155; curtailment from BloombergNEF, cited in G. Parkinson, 
“Australia wind and solar investment plunges as coalition turns 
blind eye to transition”, op. cit. note 155; barriers to investment, 

delayed and cancelled from Parkinson, “Grid queue for new 
generation totals 96GW, but will house full sign go up soon?” 
op. cit. this note. New investment commitments for large-scale 
renewable power projects fell more than 50% during the year, 
from Clean Energy Council, op. cit. note 11, p. 7. Investment in new 
large-scale renewable power projects fell 60% in 2019 relative 
to 2018, from BloombergNEF, cited in G. Parkinson, “Australia 
wind and solar investment plunges as coalition turns blind eye to 
transition”, op. cit. note 155. See also Thornton, op. cit. note 155.

157 Thornton, op. cit. note 155.
158 Parkinson, “Grid queue for new generation totals 96GW, but will 

house full sign go up soon?” op. cit. note 156.
159 Australian Energy Market Operator, “Integrated System Plan 

(ISP)”, https://aemo.com.au/energy-systems/major-publications/
integrated-system-plan-isp, viewed 16 April 2020.

160 B. Matich, “Small-scale utility solar thriving on path of least 
resistance”, pv magazine, 28 February 2020, https://www.
pv-magazine-australia.com/2020/02/28/small-scale-utility-
solar-thriving-on-path-of-least-resistance; M. Maisch, “Victoria 
decides to go it alone on transmission to unlock more large-scale 
renewables and batteries”, pv magazine, 19 February 2020, 
https://www.pv-magazine-australia.com/2020/02/19/victoria-
decides-to-go-it-alone-on-transmission-to-unlock-more-large-
scale-renewables-and-batteries.  

161 Based on 3.7 GW added in the Middle East and 2.95 GW added 
across Africa, for total additions of nearly 6.7 GW, and year-end 
capacity of over 7 GW in the Middle East and over 8 GW in Africa 
for cumulative of nearly 15.1 GW, based on data for individual 
countries in both regions from IEA PVPS, Snapshot of Global PV 
Markets 2020, op. cit. note 1, and from Becquerel Institute, op. 
cit. note 1. In 2018, the regions added an estimated 2,556 MW 
in 2018 for a total of 6,716 MW, from Becquerel Institute, op. cit. 
note 1, April 2019. Another source estimates that about 3.6 GW 
was added in 2018, up from less than 1 GW in 2017, from IHS 
Markit, cited in J. Berg, “MENA PV additions quadrupled in 
2018”, pv magazine, 17 January 2019, https://www.pv-magazine.
com/2019/01/17/mena-pv-additions-quadrupled-in-2018. 

162 Largest based on data from Middle East Solar Industry 
Association (MESIA), cited in B. Publicover, “Solar is gaining 
traction in MENA region – but plenty of obstacles remain”, 
pv magazine, 17 January 2020, https://www.pv-magazine.
com/2020/01/17/mesia-outlines-past-progress-future-
promise-in-sweeping-look-at-solar-across-middle-east-
and-north-africa, and from Becquerel Institute, op. cit. note 
1; target from B. Asaba, “Abu Dhabi turns to solar for future 
power needs”, Arabian Industry, 8 March 2020, https://
www.arabianindustry.com/utilities/news/2020/mar/8/
abu-dhabi-turns-to-solar-for-future-power-needs-6344338. 

163 MESIA, cited in B. Publicover, op. cit. note 162; F. Todd, ”World’s 
largest 1.17GW solar project completed in Abu Dhabi”, NS Energy, 
4 July 2019, https://www.nsenergybusiness.com/news/largest-
solar-project-abu-dhabi; M. Hall, “Noor solar park operational”, pv 
magazine, 1 July 2019, https://www.pv-magazine.com/2019/07/01/
noor-limits-as-dubai-makes-extraordinary-carbon-emissions-
claim; Gulf News, “World’s largest solar project, with power 
enough for 90,000 people, switched on in Abu Dhabi”, 29 June 
2019, https://gulfnews.com/uae/worlds-largest-solar-project-
with-power-enough-for-90000-people-switched-on-in-abu-
dhabi-1.1561799168033.

164 MESIA, cited in Publicover, op. cit. note 162. 
165 At the end of 2019, the UAE had 1,730 MW in operation (including 

1,177 MW at Sweihan, 413 MW at Sheikh Makrtoum and 125 MW 
through DEWA Shams and other smaller projects). Another 2 GW 
of solar projects was under tender in Abu Dhabi, but the opening 
of the tender was postponed due to the coronavirus, all from B. 
Schmuelling, UAE Ministry of Climate Change & Environment, 
personal communication with REN21, 8 April 2020. The UAE 
added an estimated 2 GW in 2019 (with some installed in 2018 
but commissioned in 2019), for a year-end total of 2,978 MW, 
based on data from IEA PVPS, Snapshot of Global PV Markets 
2020, op. cit. note 1, p. 9, and from Becquerel Institute, op. cit. 
note 1, 20 March 2020 and 10 April 2020. Dubai Shams initiative 
also from “DEWA’s Shams Dubai connects 1,354 buildings 
totaling 125MW of power”, Dubai Electricity and Water Authority, 
8 October 2019, https://www.dewa.gov.ae/en/about-us/media-
publications/latest-news/2019/10/dewas-shams-dubai-connects-
1354-buildings-totalling-125mw-of-power. 
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166 Saudi Arabia from “300MW solar plugs into Saudi grid”, reNEWS, 
26 November 2019, https://renews.biz/56652/300mw-solar-
plugs-into-saudi-grid. Jordan added an estimated 600 MW for a 
year-end total of 1,030 MW, from IEA PVPS, Snapshot of Global 
PV Markets 2020, op. cit. note 1, p. 9, and from Becquerel Institute, 
op. cit. note 1; large plants in Jordan from L. Morais, “FRV switches 
on 67-MW PV plant in Jordan”, Renewables Now, 30 April 2019, 
https://renewablesnow.com/news/frv-switches-on-67-mw-pv-
plant-in-jordan-652377, and from Pamelalargue, “ACWA Power 
commences commercial operations at Risha PV in Jordan”, Power 
Engineering International, 12 December 2019, https://www.
powerengineeringint.com/2019/12/12/acwa-power-commences-
commercial-operations-at-risha-pv-in-jordan; E. Bellini, “Jordan’s 
plan to have solar on all mosques moves forward”, pv magazine, 
12 July 2019, https://www.pv-magazine.com/2019/07/12/jordans-
plan-to-have-solar-on-all-mosques-moves-forward. As of mid-
2019, some 500 of Jordan’s estimated 7,000 mosques had solar PV 
systems; this effort is part of a government plan that was launched 
in 2015, from idem. Israel added 759 MW based on 1,358 MW 
at end-2018 and 2,117 MW at end-2019 (forecast), from Israel 
Electricity Authority, Report of Status of Economy 2018, Chapter 
4 – Renewable Energies, Tab 4.1, https://pua.gov.il/publications/
documents/israel_e_market_state_n%20new_2020.xlsx, viewed 6 
May 2020. Israel added 628 MW, based on 1,418 MW at end-
2018 and 2,046 MW at end-2019, provided by E. Parnass, Green 
Energy Association of Israel, Jerusalem, personal communication 
with REN21, 6 May 2020. Israel’s largest solar PV plant from E. 
Bellini, “Israel’s largest solar park comes online”, pv magazine, 
19 November 2019, https://www.pv-magazine.com/2019/11/19/
israels-largest-solar-park-comes-online. 

167 Kuwait and Oman from MESIA, cited in Publicover, op. cit. 
note 162; Iraq from E. Bellini, “Iraq kicks off huge 755 MW solar 
tender”, pv magazine, 3 May 2019, https://www.pv-magazine.
com/2019/05/03/iraq-kicks-off-huge-755-mw-solar-tender.

168 MESIA, cited in Publicover, op. cit. note 162. Dubai aims for 25% 
of electricity from “clean sources” by 2030 and 75% by 2050, 
equivalent to a capacity of 42 GW, from T. Page and M. Burnell, 
“$13.6B record-breaking solar park rises from Dubai desert”, 
https://www.cnn.com/style/article/mbr-solar-park-dubai-desert-
intl/index.html. 

169 IEA PVPS, Trends in Photovoltaic Applications 2019, op. cit. note 
1, p. 45. See, for example, C. Mama, “On-grid solar in Nigeria: 
Two years after the PPAs”, Solar Future, 22 February 2018, 
https://nigeria.thesolarfuture.com/news-source/2018/2/22/
on-grid-solar-in-nigeria-two-years-after-the-ppas; A. Rahagalala, 
“Sun-blessed Madagascar turns to solar to reduce energy 
costs”, Bloomberg, 4 July 2018, https://www.bloomberg.com/
news/articles/2018-07-04/sun-blessed-madagascar-turns-
to-solar-to-reduce-energy-costs; “Malawi: 60MW solar plant 
to end blackouts”, ESI Africa, 4 December 2018, https://www.
esi-africa.com/malawi-60mw-solar-plant-to-end-blackouts; 
E. Bellini, “Algerian government approves 200 MW of PV 
tenders”, pv magazine, 11 June 2018, https://www.pv-magazine.
com/2018/06/11/algerian-government-approves-200-mw-of-pv-
tenders; limiting or reducing carbon dioxide emissions from P. 
Fragkos, op. cit. note 58.

170 Financing tools and tenders from Institut Montaigne, cited in 
E. Bellini, “Unrealistic price signals and an explosion of tenders 
hinder African PV”, pv magazine, 13 January 2020, https://www.
pv-magazine.com/2020/01/13/unrealistic-price-signals-and-
an-explosion-of-tenders-hinder-african-pv; fossil fuel subsidies 
from, for example, Publicover, op. cit. note 162; subsidies as well 
as social and political unrest from Mints, The Solar Flare, op. cit. 
note 22, p. 12. See also G. Schwerhoff and M. Sy, “Where the sun 
shines: Renewable energy sources, especially solar, are ideal for 
meeting Africa’s electrical power needs”, International Monetary 
Fund, Finance & Development, vol. 57, no. 1 (March 2020), https://
www.imf.org/external/pubs/ft/fandd/2020/03/powering-Africa-
with-solar-energy-sy.htm. 

171 Kenya’s 50 MW Garissa plant contributed about 2% of the 
country’s electricity mix and has helped to reduce the country’s 
energy costs, from Rural Electrification and Renewable 
Energy Corporation, “The 50 MW Garissa Solar Power 
Plant”, https://www.rerec.co.ke/index.php?option=com_
content&view=article&id=53&Itemid=234, viewed 17 April 2020; 
Kenya also from T. F. Ishugah, East African Centre for Renewable 
Energy & Energy Efficiency (EACREEE), personal communication 
with REN21, 13 April 2020. “Mozambique inaugurates 40MW 
solar plant”, ESI Africa, 14 August 2019, https://www.esi-africa.

com/industry-sectors/renewable-energy/mozambique-
inaugurates-40mw-solar-plant; “Alten to commission Namibia’s 
biggest PV plant”, pv magazine, 19 June 2019, https://
www.pv-magazine.com/2019/06/19/alten-to-commission-
namibias-biggest-pv-plant; Zambia commissioned a 54 MW 
plant, from C. Phiri, “Lungu commissions 54MW solar power 
plant”, Zambia Reports, 11 March 2019, https://zambiareports.
com/2019/03/11/lungu-commissions-54mw-solar-power-plant, 
and from E. Mumba, “Bangweulu Power plant”, Mining News 
Zambia, 12 March 2019, http://www.miningnewszambia.com/
presidential-commissioning-of-solar-facility/; Zambia 34 MW 
plant from Enel, “Energy Green Power brings online its first 
power plant in Zambia”, press release (Rome: 29 April 2019), 
https://www.enelgreenpower.com/media/press/d/2019/04/
enel-green-power-brings-online-its-first-power-plant-in-zambia. 
Sudan brought online a 5 MW solar PV plant, from “Renewable 
Energy in Sudan: Status and Potential – Part 2”, Renewables 
in Africa, 29 January 2020, https://www.renewablesinafrica.
com/renewable-energy-in-sudan-status-and-potential-part-2; 
Tunisia grid-connected its first solar park, of 10 MW, from E. 
Bellini, “Tunisia announces grid-connection of its first solar 
park”, pv magazine, 9 August 2019, https://www.pv-magazine.
com/2019/08/09/tunisia-announces-grid-connection-of-its-first-
solar-park, and allocated about 500 MW of new solar capacity in 
December, from Publicover, op. cit. note 162; Uganda completed 
a 10 MW plant, from T. Kenning, “Metka completes 10MW solar 
plant in Uganda”, PV-Tech, 10 June 2019, https://www.pv-tech.
org/news/metka-completes-10mw-solar-plant-in-uganda. 

172 “Watch footage of Benban, the largest solar project in 
the world”, Renewable Energy World, 24 October 2019, 
https://www.renewableenergyworld.com/2019/10/24/
watch-footage-of-benban-the-largest-solar-project-in-the-world.

173 South Africa had more than 94 MW of installed rooftop systems, 
from GreenCape, “Solar PV”, https://www.greencape.co.za/
content/focusarea/solar-pv, viewed 17 April 2020; total capacity 
was much higher if including systems not yet registered with local 
municipalities, from S. Mthwecu, Solar Rais, Sandton, Guanteg, 
South Africa, personal communication with REN21, 10 April 2020; 
unofficial rooftop solar PV installations exceeded 300 MW, 
from PVGreenCard, “Some facts: Current status”, https://www.
pvgreencard.co.za, viewed 17 April 2020.

174 E. Bellini, “Morocco opens 230 MW solar tender”, pv magazine, 
11 July 2019, https://www.pv-magazine.com/2019/07/11/
morocco-opens-230-mw-solar-tender; E. Bellini, “Morocco 
issues 200 MW PV tender”, pv magazine, 15 January 2019, 
https://www.pv-magazine.com/2019/01/15/morocco-issues-
200-mw-pv-tender; E. Bellini, “Morocco kicks off tender for 
400 MW solar park”, pv magazine, 31 January 2020, https://
www.pv-magazine.com/2020/01/31/morocco-kicks-off-tender-
for-400-mw-solar-park. Large plants from, for example, the 
following: MESIA, cited in Publicover, op. cit. note 162, and from 
E. Bellini, “Angola’s solar plans boosted by Italian oil giant Eni”, 
14 November 2019, https://www.pv-magazine.com/2019/11/14/
angolas-solar-plans-boosted-by-italian-oil-giant-eni; I. 
Shumkov, “Hanergy to build 400 MW of solar parks in DR 
Congo”, Renewables Now, 4 July 2019, https://renewablesnow.
com/news/hanergy-to-build-400-mw-of-solar-parks-in-dr-
congo-660442; C. Rollet, “Engie signs MoU in Djibouti for 
30 MW solar plant”, pv magazine, 4  June 2019, https://www.
pv-magazine.com/2019/06/04/engie-signs-mou-in-djibouti-
for-30-mw-solar-plant; “13 IPPs pre-selected for solar and 
biomass projects in Eswatini”, Construction Review, 15 November 
2019, https://constructionreviewonline.com/2019/11/13-ipps-
pre-selected-for-solar-and-biomass-projects-in-eswatini; F. 
Jonh, “Ethiopia kicks off construction US $300m solar power 
plants”, 25 October 2019, https://constructionreviewonline.
com/2019/10/ethiopia-kicks-off-construction-us-300m-solar-
power-plants; B. Koigi, “USTDA awards grant to OnePower 
Lesotho to develop 20MW solar power plant”, Africa Business 
Communities, press release (Lesotho: 17 May 2019), https://
africabusinesscommunities.com/news/ustda-awards-grant-
to-onepower-lesotho-to-develop-20mw-solar-power-plant/; 
World Bank, International Development Association Project 
Appraisal Document on  Proposed Grant in the amount of SDR 
46.8 Million (US$65.0 Million Equivalent) to the Central African 
Republic for the Emergency electricity Supply and Access 
Project (PURACEL) (Washington, DC: 14 February 2019), http://
documents.worldbank.org/curated/en/307711551668592488/pdf/
SIERRA-LEONE-PAD-02192019-636872473755315841.pdf; “Togo 
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secures its first IPP-developed utility-scale PV plant”, ESI Africa, 
4 December 2019, https://www.esi-africa.com/industry-sectors/
generation/solar/togo-secures-its-first-ipp-developed-utility-
scale-pv-plant. Tenders were held in several countries, from 
the following sources: E. Bellini, “Algerian diesel-solar tender 
concludes with lowest bid of 11 cents”, pv magazine, 16 August 
2019, https://www.pv-magazine.com/2019/08/16/algerian-
diesel-solar-tender-concludes-with-lowest-bid-of-11-cents; E. 
Bellini, “Burkina Faso tenders for 30 MW of solar”, pv magazine, 
8 January 2019, https://www.pv-magazine.com/2019/01/08/
burkina-faso-tenders-for-30-mw-of-solar; J. Takouleu, “BURKINA 
FASO: Six solar power plants to increase energy supply by 
155 MW”, Afrik 21, 10 April 2019, https://www.afrik21.africa/en/
burkina-faso-six-solar-power-plants-to-increase-energy-supply-
by-155-mw; T. Kenning, “Ethiopia adds 250MW to Scaling Solar 
Round 2”, PV-Tech, 8 May 2019, https://www.pv-tech.org/news/
ethiopia-expands-scaling-solar-round-2-to-up-to-750mw; T. 
Kenning, “Ethiopia eyes 500MW in Scaling Solar Round 2”, 
PV-Tech, 17 April 2019, https://www.pv-tech.org/news/ethiopia-
eyes-500mw-in-scaling-solar-round-2; T. Folaranmi, "Ethiopia 
launches tender for installation of solar PV mini-grids", 11 October 
2019, https://constructionreviewonline.com/2019/10/ethiopia-
launches-tender-for-installation-of-solar-pv-mini-grids; Gambia 
tender, launched by the United Nations Development Programme, 
from V. Petrova, “EoI for 10.5 MWp of solar released in Gambia”, 
Renewables Now, 5 April 2019, https://renewablesnow.com/
news/eoi-for-105-mwp-of-solar-released-in-gambia-649504; 
T. Kenning, “Tunisia awards remaining 10MW in solar tender”, 
PV-Tech, 25 April 2019, https://www.pv-tech.org/news/tunisia-
awards-remaining-10mw-in-solar-tender; V. Petrova, “Tunisia 
awaits bids in 70-MW tender for solar projects”, Renewables Now, 
16 July 2019, https://renewablesnow.com/news/tunisia-awaits-
bids-in-70-mw-tender-for-solar-projects-661790; J. Parnell, 
“Zambia solar tender sets Sub-Saharan price record”, PV-Tech, 
8 April 2019, https://www.pv-tech.org/news/zambia-solar-tender-
sets-sub-saharan-price-record. In addition, the government of 
Zimbabwe approved 39 projects with a total of up to 1.15 GW 
of future solar PV capacity, from “39 solar power projects get 
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pv-magazine-usa.com/2019/12/13/hanergy-from-thin-film-solar-
savior-to-mass-layoffs-at-miasole-alta-solibro-and-global-solar; 
Swiss-based ABB exited the solar space by selling its inverter 
business to Italian-based Fimer, from Hall, op. cit. note 34, and 
from ABB, “ABB to exit solar inverter business”, press release 
(Zurich: 9 July 2019), https://new.abb.com/news/detail/26838/
abb-to-exit-solar-inverter-business; inverter manufacturer KACO 
(Germany) became a subsidiary of Siemens (Germany), from 
KACO new energy, “Made in Germany – worldwide”, https://
kaco-newenergy.com/company, viewed 17 April 2020.

214 M. Osborne, “China-based solar manufacturers set to post big 
profit gains in 2019”, PV-Tech, 27 January 2020, https://www.
pv-tech.org/news/china-base-solar-manufacturers-set-to-post-
big-profit-gains-in-2019; Shaw, op. cit. note 32. Falling demand 
in China, but increasing in Europe and elsewhere meant that 
Chinese manufacturers had markets for their excess capacity 
(and could avoid the United States and its tariffs), from Mints, The 
Solar Flare, op. cit. note 51, p. 5.  

215 A. Bhambhani, “LONGi improved 2019 revenues by close to 50%”, 
TaiyangNews, 24 April 2020, http://taiyangnews.info/business/
longi-improved-2019-revenues-by-close-to-50-annually. 

216 Able to cope, lower cost and economies of scale from Masson, 
op. cit. note 2, 4 May 2020; top-tier companies and partnerships 
from J. Chase et al., “On prices, technology and 2019 trends”, pv 
magazine, 6 September 2019, https://www.pv-magazine-australia.
com/2019/09/06/on-prices-technology-and-2019-trends.

217 Strategic co-operation and support supply chains in 2019 
from V. Shaw, “Tongwei announces output tie-up with 
Longi”, pv magazine, 4 June 2019, https://www.pv-magazine.
com/2019/06/04/tongwei-announces-tie-up-with-longi, and 
from A. Bhambhani, “LONGi & Tongwei announce strategic 
cooperation agreement; Both to acquire 30% stake in each 
other’s manufacturing facilities; further cooperation arenas to 
be explored”, TaiyangNews, 5 June 2019, http://taiyangnews.
info/business/strategic-tie-up-between-longi-tongwei; earlier 
ventures and agreements from, for example, M. Hutchins, 
“Tongwei subsidiary announces joint venture with Longi”, 
pv magazine, 14 March 2017, https://www.pv-magazine.
com/2017/03/14/tongwei-subsidiary-announces-joint-venture-
with-longi, and from B. Publicover, “Tongwei, Longi sign 55,000 
MT polysilicon supply agreement”, pv magazine, 24 May 2018 
https://www.pv-magazine.com/2018/05/24/tongwei-longi-
sign-55000-mt-polysilicon-supply-agreement. Zhonghuan 
Semiconductor and GCL-Poly from E. Bellini and M. Hutchins, 
“Zhonghuan Semiconductor and GCL-Poly to expand production 
of mono wafers by 25 GW”, pv magazine, 4 June 2019, https://
www.pv-magazine.com/2019/06/04/zhonghuan-semiconductor-
and-gcl-poly-to-expand-production-of-mono-wafers-by-25-gw. 

218 Masson, op. cit. note 2; M. Hall, “The year in solar, part II: A 
lively show season, more legal shenanigans and rising panel 
efficiencies abound”, pv magazine, 26 December 2019, https://
www.pv-magazine.com/2019/12/26/the-year-in-solar-part-
ii-a-lively-show-season-more-legal-shenanigans-and-rising-
panel-efficiencies-abound; EurObserv’ER, op. cit. note 1, p. 14; 
maintain market share from “China solar giants get bigger as glut 
ignites battle for share”, Bloomberg, 4 March 2020, https://www.
bloomberg.com/news/articles/2020-03-04/china-solar-giants-
get-bigger-as-glut-ignites-battle-for-share, and from P. Mints, 
SPV Market Research, personal communication with REN21, 
1 May 2020. Note that industry forecasts are based largely on 
government programmes, including auctions and tenders, from 
Mints, The Solar Flare, op. cit. note 117, p. 19. New facilities that 
began operation in 2019 included: Q Cells’ new 1.7 GW per year 
module factory in the US state of Georgia, reportedly the largest 
in the Western hemisphere, from “New solar PV manufacturing 
facility is largest in Western Hemisphere”, Renewable Energy 
World, 27 September 2019, https://www.renewableenergyworld.
com/2019/09/27/new-solar-pv-manufacturing-facility-is-largest-
in-western-hemisphere; First Solar, “First Solar becomes largest 
PV module manufacturer in the Western Hemisphere”, press 
release (Tempe, AZ: 24 October 2019), https://investor.firstsolar.
com/news/press-release-details/2019/First-Solar-Becomes-
Largest-PV-Module-Manufacturer-in-the-Western-Hemisphere/
default.aspx; C. Roselund, “Inside JinkoSolar’s Jacksonville 
factory”, pv magazine, 26 February 2019, https://pv-magazine-
usa.com/2019/02/26/inside-jinkosolars-jacksonville-factory; 
Jinko Solar, “JinkoSolar expands mono wafer production capacity 
to 18 GW with added 5 GW capacity to Sichuan production 
facility”, press release (Shanghai: 8 November 2019), http://

ir.jinkosolar.com/news-releases/news-release-details/jinkosolar-
expands-mono-wafer-production-capacity-18-gw-added-5; 
I. Shumkov, “Seraphim to open 1-GW Chinese solar factory in 
May”, Renewables Now, 12 March 2019, https://renewablesnow.
com/news/seraphim-to-open-1-gw-chinese-solar-factory-in-
may-646116; LONGi, “LONGi launches new 5GW mono module 
plant, increases supply capacity”, press release (Shaanxi, 
China: 8 March 2019), https://en.longi-solar.com/home/events/
press_detail/id/98.html. Announcements of expansion plans 
included: M. Osborne, “LONGi planning new 10GW mono ingot 
production plant”, PV-Tech, 28 November 2019, https://www.
pv-tech.org/news/longi-planning-new-10gw-mono-ingot-
production-plant; Bhambhani, op. cit. note 215; V. Shaw, “Risen 
shines: Manufacturer starts work on 2.5 GW cell and module 
factory”, pv magazine, 20 August 2019, https://www.pv-magazine.
com/2019/08/20/risen-shines-manufacturer-starts-work-
on-2-5-gw-cell-and-module-factory; M. Osborne, “Canadian 
Solar taking module capacity to over 12GW in 2019”, PV-Tech, 
15 August 2019, https://www.pv-tech.org/news/canadian-solar-
taking-module-capacity-to-over-12gw-in-2019; E. Bellini, “EkoRE 
breaks ground on 1 GW vertically integrated module factory in 
Turkey”, pv magazine, 11 March 2019, https://www.pv-magazine.
com/2019/03/11/ekore-breaks-ground-on-1-gw-vertically-
integrated-module-factory-in-turkey; P. Hannen, “Meyer Burger 
abandons plan to relocate operations to China”, pv magazine, 
15 August 2019, https://www.pv-magazine.com/2019/08/15/
meyer-burger-abandons-plan-to-relocate-operations-to-china. 

219 Commercial crystalline and thin-film manufacturing capacity 
increased 35% in 2019, from 113.3 GWp in 2018 to 153.1 GWp, and 
module assembly capacity increased 29% in 2019, from 143.9 GW 
in 2018 to 185 GWp, from Mints, op. cit. note 1, pp. 15, 25, 29. In 
spite of reduced demand in China, the upstream industry saw 
growth in 2019, with production increasing during the first half 
of the year for polysilicon (up 8.4%), wafers (26%), cells (30.8%) 
and modules (11.9%). Exports also increased by 50% for cells 
and 45.2% for modules, while wafer exports were down (by 34%) 
due to higher domestic demand for cell manufacturing, from 
Haugwitz, op. cit. note 30.

220 See endnote 223.
221 Mints, The Solar Flare, op. cit. note 117, p. 20. See also “China solar 

giants get bigger as glut ignites battle for share”, op. cit. note 218.
222 Figure of 39% increase over 2018 from Mints, The Solar Flare, 

op. cit. note 198, pp. 4, 10. An estimated 89.1 GW of capacity 
was shipped in 2018, and 123.5 GW shipped in 2019; cumulative 
shipment of all solar PV technologies reached 591 GW peak by 
year’s end, from idem, p. 13. Asia was home to 86% of global 
capacity to manufacture crystalline and thin-film solar cells; China 
was home to 63% of the world’s total cell manufacturing capacity 
and to 58% of module manufacturing capacity, from Mints, The 
Solar Flare, op. cit. note 198, p. 5.

223 Based on data from Mints, The Solar Flare, op. cit. note 198, p. 
11. Total shipments were 123.5 GWp, with shipment shares as 
follows: Tongwei 10%, LONGi 9%, Jinko Solar 8%, Canadian Solar 
(China/Canada) 7%, Aiko Solar 6%, JA Solar 6%, Trina Solar 5% 
(US), First Solar 4%, Hanwha Q-Cells 4% (Republic of Korea), 
UREC 4% (Chinese Taipei), all others 37%, based on shipments 
from in-house production of crystalline and thin-film cells 
shipped to first buyer from idem, and from Mints, Photovoltaic 
Manufacturer Shipments, op. cit. note 1, p. 107. 

224 Mints, The Solar Flare, op. cit. note 117, p. 8; Mints, The Solar Flare, 
op. cit. note 1, p. 17; Mints, The Solar Flare, op. cit. note 22, p. 5. 
See also information and sources throughout this section.

225 Mints, The Solar Flare, op. cit. note 117, p. 8; Mints, The Solar Flare, 
op. cit. note 51, p. 13; Mints, The Solar Flare, op. cit. note 1, pp. 8, 
10; Mints, The Solar Flare, op. cit. note 22, p. 28.

226 Grid infrastructure and emerging markets from Masson, op. cit. 
note 2; grid infrastructure also from Mints, The Solar Flare, op. cit. 
note 1, pp. 8, 10; Mints, The Solar Flare, op. cit. note 22, p. 28. See 
market text and references for more on policy-related impacts.

227 See, for example, IEA PVPS, Trends in Photovoltaic Applications 
2019, op. cit. note 1, pp. 58, 70-71; N. Kabeer, “Indian solar cell 
and module imports decline by 37% year-over-year in CY 2018”, 
Mercom India, 21 February 2019, https://mercomindia.com/solar-
cell-module-imports-decline-2018; Hall, “REC Silicon prepared to 
power down the rest of its operation”, op. cit. note 213.

228 Parikh, op. cit. note 45; N. Kabeer, “Duties and tariffs 
piling up in the Indian renewable industry”, Mercom 
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www.greentechmedia.com/articles/read/us-reverses-course-
on-tariff-exclusion-for-bifacial-solar-modules; Pratheeksha, 
op. cit. note 45; C. Lin, “12 GW bifacial demand in 2020”, pv 
magazine, 31 December 2019, https://www.pv-magazine.
com/2019/12/31/12-gw-bifacial-demand-in-2020; “US exempts 

bifacial panels from import tariffs”, op. cit. this note; S. Bajaj, 
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from Mints, Photovoltaic Manufacturer Shipments, op. cit. note 1, p. 
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trackers can increase energy yield by 25-35% compared with fixed 
systems, from IEA PVPS, Trends in Photovoltaic Applications 2018, 
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265 “The long read: The research behind dust mitigation”, pv 
magazine India, 21 March 2020, https://www.pv-magazine-india.
com/2020/03/21/the-long-read-the-research-behind-dust-
mitigation. Some anti-soiling products are already available, from 
Schmela, op. cit. note 1, 12 May 2020.

266 Mints, The Solar Flare, op. cit. note 1, p. 21; Mints, The Solar Flare, 
op. cit. note 2, p. 11; Chaturvedi, op. cit. note 257. 

267 Mints, The Solar Flare, op. cit. note 2, p. 11; Mints, The Solar 
Flare, op. cit. note 22, p. 31; Masson, op. cit. note 2. Examples 
of countries facing challenges: In Australia, the desire for 
cheap solar energy has resulted in poor-quality products; 
an audit in 2018 found that only 1.2% of rooftop installations 
had been inspected by the regulator, and one in six of these 
was substandard; failed panels still count towards Australia’s 
renewable energy target, all from L. Hobday and S. Gross, 
“Australia’s obsession with cheap solar is derailing the market, 
insiders say”, ABS News, 27 May 2019, https://www.abc.net.
au/news/2019-05-27/australias-obsession-with-cheap-solar-
derailing-market-insiders/11139856. In Bangladesh, the pursuit 
of ever-lower bids has caused developers to overlook the quality 
of components, including imported panels; the government 
has created standards for panels, inverters, charge controllers 
and batteries, and has taken steps to mandate them, from 
S. Islam, “Sub-standard PV equipment worries Bangladeshi 
solar developers”, pv magazine, 18 October 2019, https://www.
pv-magazine.com/2019/10/18/sub-standard-pv-equipment-
worries-bangladeshi-solar-developers. See also A. Gupta, 
“Substandard products slow down solar power development”, 
EQ International, 4 October 2019, https://www.eqmagpro.com/
substandard-products-slow-down-solar-power-development. 
In India, in response to low tariff caps and bid matching, and in 
order to maximise profits a growing number of developers has 
compromised quality of components, resulting in decreased 
output and efficiency of solar plants, from A. Rajeshwari, “Quality 
consciousness in Indian solar projects a mixed bag: DuPont 
interview”, Mercom India, 3 October 2019, https://mercomindia.
com/quality-consciousness-solar-mixed-bag-dupont; S. Bajaj, 
“Low tariffs pushing developers to cut costs and quality of 
solar mounting structures”, Mercom India, 15 July 2019, https://
mercomindia.com/low-tariffs-developers-solar-mounting. 
There also are growing concerns in India about the quality of 
mounting structures for both rooftop and ground-mounted 
systems, for which there are no regulatory authorities in place, 
from idem. In the United States, an independent testing lab 
found that cost pressures (as PPA rates decline) are forcing 
manufacturers to use cheaper modules, other materials and 
construction practices in order to offer competitive prices, from 
K. Pickerel, “Solar’s silent killer: Backsheets are shortening 
some project lifespans”, Solar Power World, 15 January 2020, 
https://www.solarpowerworldonline.com/2020/01/solars-
silent-killer-backsheets-are-shortening-project-lifespans. 
Fake and substandard products have flooded the market in 
Zimbabwe as demand for solar PV has risen alongside rolling 
blackouts, from “Fake products slow down solar revolution”, 
The Herald, 2 September 2019, https://www.herald.co.zw/
fake-products-slow-down-solar-revolution, “China flooding 
Zim with substandard solar products”, ZimEye, 7 October 
2019, https://www.zimeye.net/2019/10/07/china-flooding-zim-
with-substandard-solar-products. See also E. Bellini, “Lessons 
to be learnt from Italy’s alleged PV fraud”, pv magazine, 
10 March 2020, https://www.pv-magazine.com/2020/03/10/
lessons-to-be-learnt-from-italys-alleged-pv-fraud. 

268 Masson, op. cit. note 2; weather and curtailment from Mints, The 
Solar Flare, op. cit. note 117, p. 22, and from Mints, The Solar Flare, 
op. cit. note 22, p. 31.

269 Masson, op. cit. note 2. To date, learning from field failures has 
relied mainly on anecdotal communication methods and rumor, 
from Mints, The Solar Flare, op. cit. note 117, p. 22. 

270 S. Bajaj, “MNRE approves ‘series’ guidelines for quality testing of 
solar inverters”, Mercom India, 27 August 2019, https://mercomindia.
com/mnre-approves-series-guidelines-solar-inverters.

271 S. Islam, “Cheap Indian imports claim prompts Bangladesh to 
introduce solar standards”, pv magazine India, 19 November 2019, 
https://www.pv-magazine-india.com/2019/11/19/cheap-
indian-imports-claim-prompts-bangladesh-to-introduce-solar-
standards; Islam, op. cit. note 267. Pakistan introduced similar 
standards for similar reasons a few years earlier, from Haugwitz, 
op. cit. note 27, 6 April 2020.

272 Clean Energy Council, op. cit. note 11, p. 18. The code was under 
review as of early 2020 and was expected to come into effect later 
in the year, from idem.

273 Renné, op. cit. note 117, 11 April 2020.

274 A solar PV system’s useful lifetime is 25 to 40 years, from NREL, 
“Useful life”, https://www.nrel.gov/analysis/tech-footprint.
html, viewed 13 May 2020; there are no end dates per se for 
the productive life of a solar panel, but modules typically are 
warrantied for 20-25 years, after which they still can produce 
electricity, from B. Mow, “STAT FAQs part 2: Lifetime of PV 
panels”, NREL, 23 April 2018, https://www.nrel.gov/state-
local-tribal/blog/posts/stat-faqs-part2-lifetime-of-pv-panels.
html; volume of decommissioned panels from IRENA and IEA 
PVPS, End-of-Life Management: Solar Photovoltaic Panels 
(Abu Dhabi/Paris: 2016), https://www.irena.org/-/media/Files/
IRENA/Agency/Publication/2016/IRENA_IEAPVPS_End-of-
Life_Solar_PV_Panels_2016.pdf; N. Hasham, “Waste crisis 
looms as thousands of solar panels reach end of life”, Sydney 
Morning Herald, 13 January 2019, https://www.smh.com.au/
politics/federal/waste-crisis-looms-as-thousands-of-solar-
panels-reach-end-of-life-20190112-p50qzd.html; research from, 
for example, ARENA, Research and Development Program Round 
5: Addressing Solar PV End-of-Life Issues and Lowering the Cost 
of Solar PV, Guidelines (Canberra: December 2019), https://arena.
gov.au/assets/2019/12/research-development-addressing-solar-
pv-end-of-life-issues-and-cost.pdf; S. Enkhardt, “A second life 
for disused modules and EV batteries”, pv magazine, 19 March 
2020, https://www.pv-magazine.com/2020/03/19/a-second-
life-for-disused-modules-and-ev-batteries; E. Butler, “PV end-of 
life management”, SEIA, August 2019, https://www.epa.gov/
sites/production/files/2019-08/documents/butler.pdf; SEIA, 
“End-of-life Considerations for Solar Photovoltaics” (Washington, 
DC: May 2019), https://seia.org/sites/default/files/2020-01/
SEIA-EOL-Considerations-PV-Factsheet-May2019.pdf; S. 
Chowdhury, “An overview of solar photovoltaic panels’ end-of-life 
material recycling”, Energy Strategy Reviews, vol. 27 (January 
2020), https://www.sciencedirect.com/science/article/pii/
S2211467X19301245; K. Maile, “Shining a light on solar panel 
recycling”, Recycling Today, 25 September 2019, https://www.
recyclingtoday.com/article/end-of-life-solar-panel-recycling.

275 J. Spaes, “More than 5,000 tons of modules collected for 
recycling in France”, pv magazine, 4 February 2020, https://
www.pv-magazine.com/2020/02/04/more-than-5000-tons-of-
modules-collected-for-recycling-in-france. 

276 M. Hall, “Jinko becomes first solar manufacturer to make 100% 
renewable energy pledge”, pv magazine, 24 September 2019, 
https://www.pv-magazine.com/2019/09/24/jinko-becomes-first-
solar-manufacturer-to-make-100-renewable-energy-pledge.

277 LONGi, “LONGi joins the Global Initiative RE100, commits to 
100% renewable power across its entire global operations by 
2028”, press release (Shaanxi, China: 12 March 2020), https://
en.longi-solar.com/home/events/press_detail/id/201.html. For 
a full list of companies that have committed to 100% renewable 
energy, see RE 100, “230 RE100 companies have made a 
commitment to go ‘100% renewable’. Read about the actions they 
are taking and why”, http://there100.org/companies. 
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CONCENTRATING SOLAR THERMAL POWER (CSP)
1 Data are compiled from the following sources: New 

Energy Update, “CSP Today global tracker”, http://tracker.
newenergyupdate.com/tracker/projects, viewed on numerous 
dates leading up to 27 April 2020; US National Renewable 
Energy Laboratory (NREL), “Concentrating solar power projects”, 
https://solarpaces.nrel.gov, with the page and its subpages 
viewed on numerous dates leading up to 27 April  2020 (some 
subpages are referenced individually throughout this section) 
and references cited in the CSP section of Renewable Energy 
Policy Network for the 21st Century (REN21), Renewables 2019 
Global Status Report (Paris: 2019), pp. 107-09, https://www.ren21.
net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf. 
In some cases, information from the above sources was verified 
against additional country-specific sources, as cited in the rest 
of the endnotes for this section. Global CSP data are based on 
commercial facilities only; demonstration and pilot facilities as 
well as facilities of 5 MW or less are excluded from capacity data, 
with the exception of certain plants in China that are described 
as “demonstration” plants by government but are nonetheless 
large- (utility-) scale, grid-connected plants that are operating or 
will operate commercially. Data discrepancies between REN21 
and other reference sources are due primarily to differences 
in categorisation and thresholds for inclusion of specific CSP 
facilities in overall global totals. 

2 Ibid. Figure 32 based on all sources in endnote 1.
3 See sources in endnote 1. 
4 Ibid. 
5 Ibid. 
6 Ibid. 
7 Ibid. 
8 Ibid. 
9 Ibid. 
10 Ibid. 
11 reve, “Israel’s Megalim concentrated solar power plant starts 

operations”, 11 April 2019, https://www.evwind.es/2019/04/11/
israels-megalim-concentrated-solar-power-plant-starts-
operations/66737; S. Djunisic, “Negev Energy’s 110-MW solar 
thermal plant brought online in Israel”, Renewables Now, 12 April 
2019, https://renewablesnow.com/news/negev-energys-110-mw-
solar-thermal-power-plant-brought-online-in-israel-650548. 

12 SolarPACES, “CSP projects around the world”, https://www.
solarpaces.org/csp-technologies/csp-projects-around-the-world, 
viewed 18 March 2020. 

13 HeliosCSP, “Israel builds world‘s largest concentrated solar 
power tower”, 5 April 2019, http://helioscsp.com/israel-builds-
worlds-largest-concentrated-solar-power-tower-3; Focal Line 
Solar, “Israel inaugurates Negev concentrated solar power 
plant”, 29 August 2019, https://flsnova.com/2019/08/29/
israel-inaugurates-negev-concentrated-solar-power-plant. 

14 See sources in endnote 1. 
15 Ibid. 
16 SolarPACES, “China announces the first group of CSP 

demonstration projects”, 1 September 2017, https://www.
solarpaces.org/china-announces-the-first-group-of-csp-
demonstration-projects; reve, “Xinjiang’s first concentrated solar 
power plant operational”, 30 December 2019, https://www.
evwind.es/2019/12/30/xinjiangs-first-concentrated-solar-power-
plant-operational/72831. See also sources in endnote 1. 

17 See sources in endnote 1. 
18 Ibid. 
19 Ibid. 
20 “World Forum unveils Botswana-Namibia CSP plan; Israel 

completes 121 MW trough plant”, New Energy Update,  
11 September 2019, https://analysis.newenergyupdate.com/
csp-today/world-forum-unveils-botswana-namibia-csp-plan-
israel-completes-121-mw-trough-plant; G. Martín, Protermosolar, 
Madrid, personal communication with REN21, 12 April 2019.

21 GBA News Desk, “South Africa IRP: No allocation for 
concentrated solar power (CSP)”, 19 October 2019, https://www.
greenbuildingafrica.co.za/south-africa-irp-no-allocation-for-
concentrated-solar-power-csp; Department of Energy, Republic 
of South Africa, Integrated Resource Plan 2019 (Pretoria: 17 
October 2019), http://www.energy.gov.za/IRP/2019/IRP-2019.pdf.   

22 “Kuwait eyes up to 400 MW of CSP in expanded solar park”, New 
Energy Update, 3 July 2019, https://analysis.newenergyupdate.
com/csp-today/kuwait-eyes-400-mw-csp-expanded-solar-park. 
See also sources in endnote 1. 

23 “Kuwait eyes up to 400 MW of CSP in expanded solar park”, op. 
cit. note 22; Utilities Middle East, “First phase of Kuwait’s Shagaya 
renewable energy park launched”, 25 February 2019, https://
www.utilities-me.com/news/12453-first-phase-of-kuwaits-
shagaya-renewable-energy-park-launched. See also sources in 
endnote 1. 

24 See sources in endnote 1. 
25 J. Ball, “Construction progress for $4.3bn Phase 4 of Dubai's MBR 

Solar Park”, Construction Week, 30 December 2018, https://www.
constructionweekonline.com/168452-dewa-notes-progress-on-
fourth-phase-of-950mw-mbr-solar-park. 

26 “World’s largest CSP project achieves financial closure; US 
announces $33mn CSP funding”, New Energy Update, 3 April 2019, 
http://newenergyupdate.com/csp-today/worlds-largest-csp-project-
achieves-financial-closure-us-announces-33mn-csp-funding. 

27 NREL, “eLLO Solar Thermal Project”, https://solarpaces.nrel.gov/
ello-solar-thermal-project, updated 26 September 2019 . 

28 V. Petrova, “Chinese firms picked to build 50-MW CSP park 
in Greece”, Renewables Now, 14 November 2019, https://
renewablesnow.com/news/chinese-firms-picked-to-build-50-
mw-csp-park-in-greece-676316; NREL, “Concentrating solar 
power projects: MINOS”, https://solarpaces.nrel.gov/minos, 
updated 5 April 2017.

29 “Kuwait eyes up to 400 MW of CSP in expanded solar park”, op. 
cit. note 22; Utilities Middle East, op. cit. note 23. See also sources 
in endnote 1. 

30 N. A. Ramos Miranda, “In Chile’s Atacama Desert, a cautionary 
tale for bold renewable energy vows”, Reuters, 30 October 2019, 
https://uk.reuters.com/article/us-chile-energy-solar/in-chiles-
atacama-desert-a-cautionary-tale-for-bold-renewable-energy-
vows-idUKKBN1X9132. 

31 reve, “Cerro Dominador concentrated solar power developer 
plans larger plants in Chile”, 17 October 2019, https://www.
evwind.es/2019/10/17/cerro-dominador-concentrated-solar-
power-developer-plans-larger-plants-in-chile/71372. 

32 See sources in endnote 1. 
33 Ibid. 
34 Ibid. 
35 ESTELA, “Flexible renewable power: Spain to triple solar 

thermal capacity by 2030”, Energy Post, 13 March 2019, https://
energypost.eu/flexible-renewable-power-spain-to-triple-solar-
thermal-capacity-by-2030.  

36 See sources in endnote 1; Ministerio para la Transición Ecológica, 
“Plan Nacional Integrado de Energía y Clima (PNIEC) 2021-2030”, 
20 January 2020, https://www.miteco.gob.es/es/ministerio/
default.aspx. 

37 See sources in endnote 1. 
38 See, for example: D. Enescu et al., “Thermal energy storage for 

grid applications: Current status and emerging trends”, Energies, 
vol. 13, no. 2 (2020), p. 340, https://doi.org/10.3390/en13020340; 
B. Bungane, “CSP with energy storage to ensure stable power 
supply”, ESI Africa, 7 May 2019, https://www.esi-africa.com/
industry-sectors/renewable-energy/csp-with-energy-storage-to-
ensure-stable-power-supply; Power Technology, “Energy storage 
is key for the future of the concentrated solar power market”, 
24 April 2019, https://www.power-technology.com/comment/
csp-energy-storage.  

39 Based on data from sources in endnote 1. Figure 33 from idem. 
40 See sources in endnote 1. 
41 Ibid. 
42 Ibid. 
43 Ibid. 
44 Ibid. 
45 Including developers and investors from China, France, Kuwait, 

Saudi Arabia, Spain and the United States. See sources in 
endnote 1. 

46 See sources in endnote 1. 
47 International Renewable Energy Agency (IRENA), Renewable 
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Power Generation Costs in 2018 (Abu Dhabi: 2019), p. 25, https://
www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/
May/IRENA_Renewable-Power-Generations-Costs-in-2018.pdf. 
See Sidebar 5 for LCOE estimates of electricity from CSP in 2019.

48 Ibid., p. 26; J. Deign, “How have CSP costs managed to decrease 
so much”, Energy Storage Report, 2 August 2018, http://
energystoragereport.info/csp-costs-decrease.

49 IRENA, op. cit. note 47, p. 25.
50 Lazard, “Lazard’s Levelised Cost of Energy Analysis – Version 

13.0”, November 2019, p. 2, https://www.lazard.com/media/ 
451086/lazards-levelized-cost-of-energy-version-130-vf.pdf.

51 “Dubai CSP technology inventions accelerate industry 
cost reductions”, New Energy Update, 17 April 2019, http://
newenergyupdate.com/csp-today/dubai-csp-technology-
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29 August 2019, https://www.evwind.es/2019/08/29/israel-
inaugurates-negev-concentrated-solar-power-plant/70565; reve, 
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be newly built in China this year”, 11 September 2019, https://
www.evwind.es/2019/09/11/6-concentrated-solar-power-solar-
projects-with-350-mw-capacity-will-be-newly-built-in-china-
this-year/70772. 

53 reve, op. cit. note 31. 
54 Masdar, “Bid success for Noor Midelt Phase 1 hybrid 

solar power plant in Morocco”, 23 May 2019, https://
news.masdar.ae/en/news/2019/05/23/10/46/
noor-midelt-phase-1-hybrid-solar-power-plant. 

55 “Dubai CSP technology inventions accelerate industry cost 
reductions”, op. cit. note 51; B. Schmuelling, Ministry of Climate 
Change & Environment, United Arab Emirates, personal 
communication with REN21, 12 April 2019; Dubai Electricity and 
Water Authority, “DEWA, ACWA Power, and Silk Road Fund reach 
financial closing on 950MW 4th phase of Mohammed bin Rashid 
Al Maktoum Solar Park”, 24 March 2019, https://www.dewa.
gov.ae/en/about-us/media-publications/latest-news/2019/03/
dewa-acwa-power-and-silk-road-fund-reach-financial-closing-
on-950mw-4th-phase. 

56 S. Kraemer, “Shouhang and EDF to test s-CO2 cycle in 
concentrated solar power”, SolarPACES, 29 March 2019, https://
www.solarpaces.org/shouhang-and-edf-first-to-test-s-co2-cycle-
in-concentrated-solar-power.

57 J. Deign, “Why smaller might be better for 
concentrated solar power”, GTM, 11 November 2019, 
https://www.greentechmedia.com/articles/read/
why-smaller-might-be-better-for-concentrated-solar-power. 

58 S. Kraemer, “US lists $30 million in 2019 CSP research awards”, 
SolarPACES, 7 November 2019, https://www.solarpaces.org/
us-lists-30-million-in-2019-csp-research-awards. 

59 A. Bolitho, “Quenching the thirst of concentrated solar power plants”, 
Euronews, 23 May 2019, https://www.euronews.com/2019/05/20/
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SOLAR THERMAL HEATING AND COOLING
1 Solarthermalworld.org reported on solar thermal sales activities 

in at least 134 countries worldwide during 2008-2019, from B. 
Epp, solrico, Bielefeld, Germany, personal communication with 
Renewable Energy Policy Network for the 21st Century (REN21), 
March 2020.

2 Global solar thermal capacity is based on the latest market data 
from Australia, Austria, Brazil, China, Germany, India, Israel, 
Mexico, Turkey and the United States, which represented 86% 
of cumulative installed capacity in operation in 2018. The other 
countries were projected according to their trend over the past 
two years, from M. Spörk-Dür, AEE-Institute for Sustainable 
Technologies (AEE INTEC), Austria, personal communication 
with REN21, April 2020; W. Weiss and M. Spörk-Dür, Solar Heat 
Worldwide. Global Market Development and Trends in 2019, 
Detailed Market Figures 2018 (Gleisdorf, Austria: International 
Energy Agency (IEA) Solar Heating and Cooling Programme, 
2020), https://www.iea-shc.org/solar-heat-worldwide. 

3 Spörk-Dür, op. cit. note 2. Equivalence of 395 TWh and 232 million 
barrels of oil equivalent from Kyle’s Converter,  
http://www.kylesconverter.com.

4 Figure 34 from Spörk-Dür, op. cit. note 2.
5 H. Cheng, Shandong SunVision Management Consulting, 

Dezhou, China, personal communications with REN21, January 
2020.

6 Spörk-Dür, op. cit. note 2.
7 Ibid.
8 Ibid. PV-thermal systems capture the waste heat from solar PV 

modules, which utilise only 12% to 15% of the incoming sunlight, 
to provide heat for space and water, mostly in combination with 
heat pumps or bore holes. 

9 Spörk-Dür, op. cit. note 2.
10 Ibid.
11 Ibid.
12 Ibid.
13 Global newly commissioned capacity from Spörk-Dür, op. cit. 

note 2; Chinese newly commissioned capacity from Cheng, op. 
cit. note 5.

14 Figure 35 based on the latest market data available for glazed 
and unglazed water collectors (without concentrating collectors) 
at the time of publication for countries that together represent 
94% of the world total. Data from original country sources include 
gross national additions and were provided to REN21 as follows: 
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https://www.solarthermalworld.org/news/highly-efficient-industrial-solar-heat-showcase-southwest-france
https://www.bluestarindia.com/projects/solar-air-conditioning
http://Solarthermalworld.org
https://www.solarthermalworld.org/news/new-solar-cooling-standard-australia
https://www.solarthermalworld.org/news/new-solar-cooling-standard-australia
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WIND POWER
1 Based on 60.4 GW added in 2019, including 54.2 GW onshore and 

6.1 GW offshore, up from 50.7 GW onshore and 4.4 GW offshore 
in 2018, from Global Wind Energy Council (GWEC), Global Wind 
Report 2019 (Brussels: March 2020), pp. 13, 42, https://gwec.net/
global-wind-report-2019, and from GWEC, “Global Wind Statistics 
2019: Status as End of 2019” (Brussels: March 2020), and on year-
end 2019 total of 650,758 MW and year-end 2018 total of 591,091 
MW, from World Wind Energy Association (WWEA), “Global 
wind installations”, https://library.wwindea.org/global-statistics, 
viewed 16 April 2020. Net additions were 58,884 MW based on 
end-2019 total of 622,704 MW and end-2018 total of 563,820 MW, 
from International Renewable Energy Agency (IRENA), Renewable 
Capacity Statistics 2020 (Abu Dhabi: 2020), https://www.irena.
org/-/media/Files/IRENA/Agency/Publication/2020/Mar/
IRENA_RE_Capacity_Statistics_2020.pdf. 

2 GWEC, Global Wind Report 2019, op. cit. note 1, pp. 10, 42; GWEC, 
“Global Wind Statistics 2019”, op. cit. note 1.

3 GWEC, Global Wind Report 2019, op. cit. note 1 .
4 Increase of 10% and year-end total based on end-2018 capacity 

of 591 GW and end-2019 capacity of 651 GW, from GWEC, Global 
Wind Report 2019, op. cit. note 1, p. 43, and on 650,758 MW at 
end-2019 and 591,091 MW at end-2018, from WWEA, op. cit. note 
1. Year-end capacity was 622,704 MW, including 594,396 MW 
onshore and 28,308 MW offshore, from IRENA, op. cit. note 1. China 
accounts for most of the difference between data from GWEC 
and IRENA. See endnote 24.  Figure 37 based on historical data 
from GWEC, Global Wind Report 2019, op. cit. note 1, pp. 41-42, and 
from GWEC, “Global Wind Statistics 2019”, op. cit. note 1. Note that 
annual additions reported in this section may be gross additions for 
some countries, but net additions (reflecting decommissioning) are 
provided where available.

5 Based on data from GWEC, Global Wind Report 2019, op. cit. 
note 1, pp. 10, 25, 44, from GWEC, “Global Wind Statistics 
2019”, op. cit. note 1, and from J. D. Pitteloud, WWEA, “Webinar: 
Wind power markets around the world”, 16 April 2020, https://
wwindea.org/blog/2020/04/08/webinar-wind-power-markets-
around-the-world. See also S. Campbell, “China and US lead 
rise in global growth”, Windpower Monthly, 28 February 2020, 
https://www.windpowermonthly.com/article/1675010/
signs-improvement-try-harder.

6 Delayed tenders and stop-go tempo of policies from GWEC, 
Global Wind Report 2019, op. cit. note 1, pp. 10, 27; notable growth 
includes Argentina and the Dominican Republic, which both more 
than doubled their installed capacities in 2019, as well as Ethiopia, 
Jordan, Morocco and Vietnam, which all installed more than they 
had in the past few years (if ever) and saw total capacity increase 
by at least 20% in 2019, based on data from GWEC, “Global Wind 
Statistics 2019”, op. cit. note 1.

7 At least 55 countries in 2019 based on data from GWEC, 
Global Wind Statistics 2019, op. cit. note 1, and from F. Zhao, 
GWEC, Copenhagen, personal communication with REN21, 
13 April 2020; at least 47 countries in 2018 based on data from 
GWEC, Global Wind Report 2018 (Brussels: April 2019), https://
gwec.net/wp-content/uploads/2019/04/GWEC-Global-Wind-
Report-2018.pdf. Senegal installed 50 MW, from Zhao, op. cit. 
this note, from C. Richard, “First power from first West African 
wind farm”, Windpower Monthly, 12 December 2019, https://
www.windpowermonthly.com/article/1668654/first-power-first-
west-african-wind-farm, and from A. Frangoul, “West Africa’s first 
large-scale wind farm starts generating power”, CNBC Sustainable 
Energy, 13 December 2019, https://www.cnbc.com/2019/12/13/
west-africas-first-large-scale-wind-farm-starts-generating-power.
html. During 2019, 53 countries or territories added capacity, 
while 6 saw a slight decline (including Denmark, resulting from 
decommissioning), and Mauritania installed commercial capacity 
for the first time, ending the year with 34 MW, from WWEA, op. cit. 
note 1; 53 countries added capacity with only Denmark seeing total 
capacity decline during 2019, and both Senegal (plus 50 MW) and 
Tonga (2 MW) added capacity for the first time, from IRENA, op. 
cit. note 1.

8 Based on data from GWEC, “Global Wind Statistics 2019”, op. cit. 
note 1, and from Zhao, op. cit. note 7. There were 126 countries with 
at least 1 MW of wind power capacity and 36 with at least 1 GW 
of operating capacity in place at the end of 2019, from IRENA, 
op. cit. note 1. Figures for 2018 were at least 103 countries and 
33 countries, based on data from GWEC, op. cit. note 7.

9 B. Eckhouse, “Solar and wind cheapest source of power in most 
of the world”, Bloomberg, 28 April 2020, https://www.bloomberg.
com/news/articles/2020-04-28/solar-and-wind-cheapest-
sources-of-power-in-most-of-the-world; IRENA, Renewable Power 
Generation Costs in 2018 (Abu Dhabi: 2019), pp. 9-11, https://www.
irena.org/-/media/Files/IRENA/Agency/Publication/2019/May/
IRENA_Renewable-Power-Generations-Costs-in-2018.pdf; GWEC 
and MEC Intelligence, India Wind Outlook Towards 2022: Looking 
Beyond Headwinds (Brussels and Gurugram, India: May 2020), 
pp. 9, 13, https://gwec.net/india-wind-outlook-towards-2022-
looking-beyond-headwinds; Frankfurt School-UNEP Centre and 
BloombergNEF, Global Trends in Renewable Energy Investment 
2020 (Frankfurt: 2020), pp. 27-29, https://www.fs-unep-centre.
org. See also, for example: Clean Energy Council, Clean Energy 
Australia Report 2019 (Melbourne: 2019), p. 72, https://assets.
cleanenergycouncil.org.au/documents/resources/reports/clean-
energy-australia/clean-energy-australia-report-2019.pdf; American 
Wind Energy Association (AWEA), “US wind power grew 8 percent 
amid record demand”, press release (Washington, DC: 9 April 
2019), https://www.awea.org/2018-market-report_us-wind-power-
grew-8-percent-in-2018; B. Chapman, “Offshore wind energy 
price plunges 30 per cent to a new record low”, The Independent 
(UK), 20 September 2019, https://www.independent.co.uk/news/
business/news/offshore-wind-power-energy-price-falls-record-
low-renewables-a9113876.html. 

10 S. Sawyer, GWEC, Brussels, personal communication with REN21, 
13 March 2019. See also C. Bogmans, “Falling costs make wind, solar 
more affordable”, IMF, 26 April 2019, https://blogs.imf.org/2019/04/26/
falling-costs-make-wind-solar-more-affordable; Frankfurt School-
UNEP Centre and BloombergNEF, op. cit. note 9, p. 29. 

11 GWEC, Global Wind Market Outlook Update Q3 2019 (Brussels: 
September 2019), p. 2; GWEC, Global Wind Report 2019, op. cit. 
note 1, p. 37; Latin American Energy Organization (OLADE) and 
GWEC, cited in GWEC, “Public tenders and auctions have driven 
80% of current renewable energy capacity in Latin America and 
the Caribbean”, press release (Brussels: 4 March 2020), https://
gwec.net/public-tenders-and-auctions-have-driven-80-of-current-
renewable-energy-capacity-in-latin-america-and-the-caribbean.  

12 Share in North America is an estimate from Zhao, op. cit. note 7; 
up nearly 30% (and totalled 9 GW) from BloombergNEF, cited in 
GWEC, Global Wind Report 2019, op. cit. note 1, pp. 13-14. Note, 
however, that 8.7 GW of new PPAs were signed in the United 
States, from AWEA, U.S. Wind Industry Quarterly Market Report, 
Fourth Quarter 2019 (Washington, DC: January 2020), pp. 3, 4, 
https://www.awea.org/resources/publications-and-reports/
market-reports/2019-u-s-wind-industry-market-reports/4q2019_
marketreport, and 2.1 GW were signed in Europe, from I. 
Komusanac, WindEurope, Brussels, personal communication with 
REN21, 14 April 2020. 

13 EU share and seven member states from WindEurope, Wind Energy 
in Europe in 2019: Trends and Statistics (Brussels: 2020), pp. 17, 18, 
https://windeurope.org/wp-content/uploads/files/about-wind/
statistics/WindEurope-Annual-Statistics-2019.pdf.

14 Denmark’s share of consumption from Energinet, cited in J. 
Gronholt-Pedersen, “Denmark sources record 47% of power from 
wind in 2019”, Reuters, 2 January 2020, https://www.reuters.com/
article/us-climate-change-denmark-windpower-idUSKBN1Z10KE. 
Share of generation based on total of 16,150 GWh from wind energy 
in 2019 and 28,457 GWh of total net generation, from Danish 
Energy Agency, “Monthly energy statistics, https://ens.dk/en/
our-services/statistics-data-key-figures-and-energy-maps/annual-
and-monthly-statistics, viewed 24 April 2020.

15 Ireland based on EIRGRID, “Ireland fuel mix 2019”, http://www.
eirgridgroup.com/site-files/library/EirGrid/Fuel20Mix.jpg, updated 
January 2020; Portugal from Portugal Directorate General for 
Energy and Geology (DGEG), “Renováveis – Estatísticas Rápidas 
– janeiro 2020”, 2 March 2020, http://www.dgeg.gov.pt, viewed 
5 March 2020; Germany from Federal Ministry for Economic 
Affairs and Energy (BMWi) and Arbeitsgruppe Erneuerbare 
Energien-Statistik (AGEE-Stat), Time Series for the Development of 
Renewable Energy Sources in Germany – based on statistical data 
from the Working Group on Renewable Energy-Statistics (AGEE-
Stat) (Status: February 2020) (Dessau-Roßlau: February 2020), p. 
45, https://www.erneuerbare-energien.de/EE/Navigation/DE/
Service/Erneuerbare_Energien_in_Zahlen/Zeitreihen/zeitreihen.
html; Spain based on provisional data from Red Eléctrica de 
España (REE), The Spanish Electricity System – Preliminary 
Report 2019 (Madrid: January 2020), with estimated data as of 
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https://gwec.net/global-wind-report-2019
https://gwec.net/global-wind-report-2019
https://library.wwindea.org/global-statistics
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Mar/IRENA_RE_Capacity_Statistics_2020.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Mar/IRENA_RE_Capacity_Statistics_2020.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Mar/IRENA_RE_Capacity_Statistics_2020.pdf
https://wwindea.org/blog/2020/04/08/webinar-wind-power-markets-around-the-world
https://wwindea.org/blog/2020/04/08/webinar-wind-power-markets-around-the-world
https://wwindea.org/blog/2020/04/08/webinar-wind-power-markets-around-the-world
https://www.windpowermonthly.com/article/1675010/signs-improvement-try-harder
https://www.windpowermonthly.com/article/1675010/signs-improvement-try-harder
https://gwec.net/wp-content/uploads/2019/04/GWEC-Global-Wind-Report-2018.pdf
https://gwec.net/wp-content/uploads/2019/04/GWEC-Global-Wind-Report-2018.pdf
https://gwec.net/wp-content/uploads/2019/04/GWEC-Global-Wind-Report-2018.pdf
https://www.windpowermonthly.com/article/1668654/first-power-first-west-african-wind-farm
https://www.windpowermonthly.com/article/1668654/first-power-first-west-african-wind-farm
https://www.windpowermonthly.com/article/1668654/first-power-first-west-african-wind-farm
https://www.cnbc.com/2019/12/13/west-africas-first-large-scale-wind-farm-starts-generating-power.html
https://www.cnbc.com/2019/12/13/west-africas-first-large-scale-wind-farm-starts-generating-power.html
https://www.cnbc.com/2019/12/13/west-africas-first-large-scale-wind-farm-starts-generating-power.html
https://www.bloomberg.com/news/articles/2020-04-28/solar-and-wind-cheapest-sources-of-power-in-most-of-the-world
https://www.bloomberg.com/news/articles/2020-04-28/solar-and-wind-cheapest-sources-of-power-in-most-of-the-world
https://www.bloomberg.com/news/articles/2020-04-28/solar-and-wind-cheapest-sources-of-power-in-most-of-the-world
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/May/IRENA_Renewable-Power-Generations-Costs-in-2018.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/May/IRENA_Renewable-Power-Generations-Costs-in-2018.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/May/IRENA_Renewable-Power-Generations-Costs-in-2018.pdf
https://gwec.net/india-wind-outlook-towards-2022-looking-beyond-headwinds
https://gwec.net/india-wind-outlook-towards-2022-looking-beyond-headwinds
https://www.fs-unep-centre.org
https://www.fs-unep-centre.org
https://assets.cleanenergycouncil.org.au/documents/resources/reports/clean-energy-australia/clean-energy-australia-report-2019.pdf
https://assets.cleanenergycouncil.org.au/documents/resources/reports/clean-energy-australia/clean-energy-australia-report-2019.pdf
https://assets.cleanenergycouncil.org.au/documents/resources/reports/clean-energy-australia/clean-energy-australia-report-2019.pdf
https://www.awea.org/2018-market-report_us-wind-power-grew-8-percent-in-2018
https://www.awea.org/2018-market-report_us-wind-power-grew-8-percent-in-2018
https://www.independent.co.uk/news/business/news/offshore-wind-power-energy-price-falls-record-low-renewables-a9113876.html
https://www.independent.co.uk/news/business/news/offshore-wind-power-energy-price-falls-record-low-renewables-a9113876.html
https://www.independent.co.uk/news/business/news/offshore-wind-power-energy-price-falls-record-low-renewables-a9113876.html
https://blogs.imf.org/2019/04/26/falling-costs-make-wind-solar-more-affordable
https://blogs.imf.org/2019/04/26/falling-costs-make-wind-solar-more-affordable
https://gwec.net/public-tenders-and-auctions-have-driven-80-of-current-renewable-energy-capacity-in-latin-america-and-the-caribbean
https://gwec.net/public-tenders-and-auctions-have-driven-80-of-current-renewable-energy-capacity-in-latin-america-and-the-caribbean
https://gwec.net/public-tenders-and-auctions-have-driven-80-of-current-renewable-energy-capacity-in-latin-america-and-the-caribbean
https://www.awea.org/resources/publications-and-reports/market-reports/2019-u-s-wind-industry-market-reports/4q2019_marketreport
https://www.awea.org/resources/publications-and-reports/market-reports/2019-u-s-wind-industry-market-reports/4q2019_marketreport
https://www.awea.org/resources/publications-and-reports/market-reports/2019-u-s-wind-industry-market-reports/4q2019_marketreport
https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Statistics-2019.pdf
https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Statistics-2019.pdf
https://www.reuters.com/article/us-climate-change-denmark-windpower-idUSKBN1Z10KE
https://www.reuters.com/article/us-climate-change-denmark-windpower-idUSKBN1Z10KE
https://ens.dk/en/our-services/statistics-data-key-figures-and-energy-maps/annual-and-monthly-statistics
https://ens.dk/en/our-services/statistics-data-key-figures-and-energy-maps/annual-and-monthly-statistics
https://ens.dk/en/our-services/statistics-data-key-figures-and-energy-maps/annual-and-monthly-statistics
http://www.eirgridgroup.com/site-files/library/EirGrid/Fuel20Mix.jpg
http://www.eirgridgroup.com/site-files/library/EirGrid/Fuel20Mix.jpg
http://www.dgeg.gov.pt
https://www.erneuerbare-energien.de/EE/Navigation/DE/Service/Erneuerbare_Energien_in_Zahlen/Zeitreihen/zeitreihen.html
https://www.erneuerbare-energien.de/EE/Navigation/DE/Service/Erneuerbare_Energien_in_Zahlen/Zeitreihen/zeitreihen.html
https://www.erneuerbare-energien.de/EE/Navigation/DE/Service/Erneuerbare_Energien_in_Zahlen/Zeitreihen/zeitreihen.html
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10 January 2020, p. 16, https://www.ree.es/sites/default/files/11_
PUBLICACIONES/Documentos/InformesSistemaElectrico/2020/
avance_ISE_2019_EN.pdf. Other European countries with high 
shares included the United Kingdom (19.8%), based on 9.9% 
onshore wind plus 9.9% offshore wind, from UK Department 
for Business, Energy & Industrial Strategy (BEIS), “Energy 
Trends: Renewables”, Table 6.1. Renewable electricity capacity 
and generation, https://www.gov.uk/government/statistics/
energy-trends-section-6-renewables, updated 26 March 2020; 
Greece (15.2%) from multiple original sources, all in Greek and 
provided by I. Tsipouridis, R.E.D. Pro Consultants, Athens, personal 
communication with REN21, 17 April 2020.

16 Uruguay generated 29.5% of its electricity with wind energy 
in 2019, based on production of 4,752.8 GWh from wind energy 
and 16,088.4 GWh total, from Ministerio de Industria, Energía y 
Minería (MIEM), Balance Energético Nacional Uruguay, “Balance 
preliminar 2019”, https://ben.miem.gub.uy/preliminar.html, 
viewed 15 April 2020. Uruguay’s share of electricity consumption 
from wind power was over 36%, based on generation data and 
on exports of 3,011.0 GWh and imports of 0.2 GWh, from idem. 
Nicaragua generated 17.44% of total net electricity output with 
wind energy, from Instituto Nicaragüense de Energía (INE), 
Ente Regulador, “Generación neta sistema eléctrico nacional 
año 2019”, https://www.ine.gob.ni/DGE/estadisticas/2019/
generacion_neta_dic19_actmar20.pdf, viewed 17 April 2020. 
Another source for Nicaragua has a 17.9% share of its electricity 
with wind power in 2019, from National Cargo Dispatch Center 
(NCDC), SIN (National Interconnected System) Operation Report, 
Centro Nacional de Desapacho de Carga, Nicaragua, http://www.
cndc.org.ni, viewed 11 April 2020, provided by G. Bravo, Fundacion 
Bariloche, personal communication with REN21, 11 April 2020. 
This was down from 18.6% of net generation with wind energy 
in 2018, from INE, Ente Regulador, “Generación neta de energia 
electrica sistema eléctrico nacional año 2018”, https://www.ine.
gob.ni/DGE/estadisticas/2018/generacion_neta_2018_actfeb19.
pdf, viewed 14 April 2019, and 15.1% in 2017, from INE, Ente 
Regulador, “Generación neta sistema eléctrico nacional 
año 2017”, http://www.ine.gob.ni/DGE/estadisticas/2017/
generacion_neta_2017_actmar18.pdf, viewed 12 April 2018. 
Costa Rica based on wind generated 1,796.34 GWh out of a total 
generation of 11,312.85 GWh, providing 15.85% of total generation 
(and 15.8% of total demand (11,334.11 GWh)), from Centro Nacional 
de Control de Energía, Instituto Costarricense de Electricidad, 
Generación y Demanda Informe Anual, 2019 (San José: 2020), p. 4, 
https://apps.grupoice.com/CenceWeb/CenceDescargaArchivos.
jsf?init=true&categoria=3&codigoTipoArchivo=3008. 

17 Share of generation based on the following: total global electricity 
generation in 2019 estimated at 27,011 TWh, based on 26,615 TWh 
in 2018 from BP, Statistical Review of World Energy (London: 2019), 
https://www.bp.com/en/global/corporate/energy-economics/
statistical-review-of-world-energy.html, and on estimated 1.49% 
growth in global electricity generation in 2019. Growth rate in 
2019 is based on the weighted average change in actual total 
generation for the following countries/regions (which together 
accounted for more than two-thirds of global generation in 2018): 
United States (-1.3% net generation), EU-28 (-1.2%), Russian 
Federation (+1.2%), India (+0.0%), China (+4.7%), Canada 
(-0.2%) and Brazil (+2.0%). Generation data for 2018 and 2019 
by country or region from the following: US EIA, Electric Power 
Monthly with Data for December 2019 (Washington, DC: February 
2020), Table 1.1, https://www.eia.gov/electricity/monthly/archive/
february2020.pdf; European Commission, Eurostat database, 
http://ec.europa.eu/eurostat, viewed April 2020; Ministry of Energy 
of the Russian Federation, “Statistics”, https://minenergo.gov.
ru/en/activity/statistic, viewed April 2020, Government of India, 
Ministry of Power, Central Electricity Authority (CEA), “Monthly 
generation report”, http://www.cea.nic.in/monthlyarchive.html,  
viewed April 2020; National Bureau of Statistics of China, 
“Statistical communiqué of the People’s Republic of China on the 
2019 national economic and social development”, press release 
(Beijing: 28 February 2020), http://www.stats.gov.cn/english/
PressRelease/202002/t20200228_1728917.html (using Google 
Translate); Statistics Canada, “Electric power generation, monthly 
generation by type of electricity”, https://www150.statcan.gc.ca/
t1/tbl1/en/tv.action?pid=2510001501, updated 11 May 2020; 
National Electrical System Operator of Brazil (ONS), “Geração de 
energia”, http://www.ons.org.br/Paginas/resultados-da-operacao/
historico-da-operacao/geracao_energia.aspx, viewed April 2020. 
Wind power estimated wind generation of 1,600 TWh, based on 
wind power capacity at end-2019 from the following sources: 

Europe (excluding Turkey) from WindEurope, Wind in Europe in 
2019 (Brussels: 2020), p. 7, https://windeurope.org/about-wind/
statistics/european/wind-energy-in-europe-in-2019/; United 
States from AWEA, op. cit. note 12, p. 3; remaining countries 
and regions from GWEC, "Global Wind Statistics 2019", op. cit. 
note 1; generation estimated with selected weighted average 
capacity factors by region, and for both onshore and offshore 
wind power, from the following sources: Asia and China offshore 
for 2018 (latest data available) from Zhao, op. cit. note 7, 14 
May 2019; Brazil from ONS, Boletim Mensal de Geração Eólica 
Março 2020 (Brasilia: 2020), p. 20, http://www.ons.org.br/
AcervoDigitalDocumentosEPublicacoes/Boletim_Geracao_
Eolica_202003.pdf; China estimated at 0.24 using national average 
productivity of 2082 full-load hours for wind turbines from China 
Energy Portal, "2019 wind power installations and production 
by province", 28 February 2020, https://chinaenergyportal.org/
en/2019-wind-power-installations-and-production-by-province; 
Europe from WindEurope op. cit. this note, p. 18; United States 
for 2018 (latest available) from US Department of Energy (DOE), 
Office of Energy Efficiency & Renewable Energy (EERE), 2018 Wind 
Technologies Market Report (Washington, DC: August 2019),  
p. ix, https://www.energy.gov/sites/prod/files/2019/08/f65/2018%20
Wind%20Technologies%20Market%20Report%20FINAL.pdf; 
remaining countries and regions from A. Whiteman, IRENA, personal 
communications with REN21, May 2020.

18 Share of total in 2019 (50.5%) and in 2018 (51.9%), and total regional 
capacity at end-2019 (all including Turkey), based on data from 
GWEC, “Global Wind Statistics 2019”, op. cit. note 1. The share in 
2017 was 48%, based on data from GWEC, Global Wind Report 
– Annual Market Update 2017 (Brussels: April 2018), p. 17, https://
gwec.net/publications/global-wind-report-2/. 

19 Regional shares based on data from GWEC, “Global Wind 
Statistics 2019”, op. cit. note 1, and from WindEurope, op. cit. note 
13, p. 10. Numbers here are based on regional groupings that 
include Turkey as part of Asia, rather than Europe, and Mexico 
as part of Central America or Latin America, rather than North 
America.

20 GWEC, Global Wind Report 2019, op. cit. note 1, p. 36.
21 Based on data from GWEC, “Global Wind Statistics 2019”, op. cit. 

note 1.
22 Based on data from Ibid. and from WindEurope, op. cit. note 13, p. 10.  

Figure 38 based on country-specific data and sources provided 
throughout this section (see also endnote for Reference Table R19).

23 China’s increase in 2019 relative to 2018  and data for 2019 based 
on data from H. Yu, Chinese Wind Energy Association (CWEA) 
and from GWEC, “Global Wind Statistics 2019”, op. cit. note 1; 
China added 26,785 MW, including 24,292 MW onshore and 2,493 
MW offshore), from Hui, op. cit. this note; and from China added 
23,760 MW onshore and 2,395 MW offshore for a year-end total 
of 236,401.7 MW, from GWEC, “Global Wind Statistics 2019”, op. 
cit. note 1; note that figure of 2.4 GW offshore was preliminary data 
provided to GWEC by the CWEA. China added 27.5 GW in 2019 for 
total of 237,029 MW, from WWEA, op. cit. note 1, and China added 
a net of 25,813 MW for a total of 210,478 MW, based on data from 
IRENA, op. cit. note 1. See also endnote 24.

24 Newly installed grid-connected wind power capacity was 
25.74 GW, including 23.76 GW onshore and 1.98 GW offshore, for 
cumulative total of 210.05 GW (204 GW onshore and 5.93 GW 
offshore), based on 2019 data from China National Energy 
Administration (NEA), “Wind power grid-connected operation 
in 2019”, 28 February 2020, http://www.nea.gov.cn/2020-
02/28/c_138827910.htm (using Google Translate), and from  
China NEA and China Electricity Council (CEC), cited in China 
Energy Portal, op. cit. note 17, and on year-end 2018 data (184 GW  
cumulative), from NEA, “2018 wind power grid operation”, 28 
January 2019, http://www.nea.gov.cn/2019-01/28/c_137780779.
htm (using Google Translate), and from China NEA and CEC, 
cited in China Energy Portal, op. cit. note 17. Additions of 25.74 GW 
were up 21% over the 21.27 GW added in 2018, and cumulative 
capacity increased 14%, from 184.27 GW at end-2018 to 210.05 
GW at end-2019, from CEC, “Statistics of China Power Industry 
2019”, http://english.cec.org.cn/No.110.1941.htm, viewed 13 March 
2020. The difference in statistics among Chinese organisations 
and agencies results from the fact that they count different things: 
installed capacity refers to capacity that is constructed and usually 
has wires carrying electricity from the turbines to a substation 
(i.e., CWEA annual statistics); capacity qualifies as grid-connected 
(i.e., included in CEC statistics) once certification is granted and 
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https://www.ree.es/sites/default/files/11_PUBLICACIONES/Documentos/InformesSistemaElectrico/2020/avance_ISE_2019_EN.pdf
https://www.ree.es/sites/default/files/11_PUBLICACIONES/Documentos/InformesSistemaElectrico/2020/avance_ISE_2019_EN.pdf
https://www.ree.es/sites/default/files/11_PUBLICACIONES/Documentos/InformesSistemaElectrico/2020/avance_ISE_2019_EN.pdf
https://www.gov.uk/government/statistics/energy-trends-section-6-renewables
https://www.gov.uk/government/statistics/energy-trends-section-6-renewables
https://ben.miem.gub.uy/preliminar.html
https://www.ine.gob.ni/DGE/estadisticas/2019/generacion_neta_dic19_actmar20.pdf
https://www.ine.gob.ni/DGE/estadisticas/2019/generacion_neta_dic19_actmar20.pdf
http://www.cndc.org.ni
http://www.cndc.org.ni
https://www.ine.gob.ni/DGE/estadisticas/2018/generacion_neta_2018_actfeb19.pdf
https://www.ine.gob.ni/DGE/estadisticas/2018/generacion_neta_2018_actfeb19.pdf
https://www.ine.gob.ni/DGE/estadisticas/2018/generacion_neta_2018_actfeb19.pdf
http://www.ine.gob.ni/DGE/estadisticas/2017/generacion_neta_2017_actmar18.pdf
http://www.ine.gob.ni/DGE/estadisticas/2017/generacion_neta_2017_actmar18.pdf
https://apps.grupoice.com/CenceWeb/CenceDescargaArchivos.jsf?init=true&categoria=3&codigoTipoArchivo=3008
https://apps.grupoice.com/CenceWeb/CenceDescargaArchivos.jsf?init=true&categoria=3&codigoTipoArchivo=3008
https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://www.eia.gov/electricity/monthly/archive/february2020.pdf
https://www.eia.gov/electricity/monthly/archive/february2020.pdf
http://ec.europa.eu/eurostat
https://minenergo.gov.ru/en/activity/statistic
https://minenergo.gov.ru/en/activity/statistic
http://www.cea.nic.in/monthlyarchive.html
http://www.stats.gov.cn/english/PressRelease/202002/t20200228_1728917.html
http://www.stats.gov.cn/english/PressRelease/202002/t20200228_1728917.html
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=2510001501
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=2510001501
http://www.ons.org.br/Paginas/resultados-da-operacao/historico-da-operacao/geracao_energia.aspx
http://www.ons.org.br/Paginas/resultados-da-operacao/historico-da-operacao/geracao_energia.aspx
https://windeurope.org/about-wind/statistics/european/wind-energy-in-europe-in-2019/
https://windeurope.org/about-wind/statistics/european/wind-energy-in-europe-in-2019/
http://www.ons.org.br/AcervoDigitalDocumentosEPublicacoes/Boletim_Geracao_Eolica_202003.pdf
http://www.ons.org.br/AcervoDigitalDocumentosEPublicacoes/Boletim_Geracao_Eolica_202003.pdf
http://www.ons.org.br/AcervoDigitalDocumentosEPublicacoes/Boletim_Geracao_Eolica_202003.pdf
https://chinaenergyportal.org/en/2019-wind-power-installations-and-production-by-province
https://chinaenergyportal.org/en/2019-wind-power-installations-and-production-by-province
https://www.energy.gov/sites/prod/files/2019/08/f65/2018%20Wind%20Technologies%20Market%20Report%20FINAL.pdf
https://www.energy.gov/sites/prod/files/2019/08/f65/2018%20Wind%20Technologies%20Market%20Report%20FINAL.pdf
https://gwec.net/publications/global-wind-report-2/
https://gwec.net/publications/global-wind-report-2/
http://www.nea.gov.cn/2020-02/28/c_138827910.htm
http://www.nea.gov.cn/2020-02/28/c_138827910.htm
http://www.nea.gov.cn/2019-01/28/c_137780779.htm
http://www.nea.gov.cn/2019-01/28/c_137780779.htm
http://english.cec.org.cn/No.110.1941.htm
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operators begin receiving the feed-in tariff (FIT) premium payment, 
which can take weeks or even months. Due to transmission 
constraints in China, there is still often a several-month lag 
from when turbines are wire-connected to the substation until 
the process of certification and payment of the FIT premium is 
complete. No Chinese statistics provide actual grid-connected 
capacity, and discrepancies among available statistics can be 
large. Data cited by CWEA include some capacity that is not 100% 
grid-connected by year’s end, but they are believed to most closely 
reflect the status of the market in China, from L. Qiao, GWEC, 
personal communication with REN21, 2 May 2018 and confirmed 
by Yu, op. cit. note 23, 19 May 2020. For the year, investment in  
new wind power projects in China was up more than 81%, to RMB 
117.1 billion (USD 16.5 billion), from CEC, op. cit. this note.

25 GWEC, Global Wind Market Outlook Update Q3 2019, op. cit. note 11, 
p. 8; GWEC, Global Wind Report 2019, op. cit. note 1, p. 37.

26 EurObserv’ER, Wind Energy Barometer (Paris: March 2020), p. 3, 
https://www.eurobserv-er.org/wind-energy-barometer-2020.

27 Ibid., p. 3.
28 Ibid., p. 3.
29 Majority based on additions in 2019 as well as on 72% at the end 

of 2018, from the following: share of cumulative based on central 
and eastern share of 27.9% and “three north” region share of 72.1%; 
share of additions based on 47% of total, all from NEA, “2018 added 
solar PV capacities”, Finance World, 28 January 2019, https://
baijiahao.baidu.com/s?id=1623876437525496663&wfr=spider&for
=pc (using Google Translate). Henan added 3,260 MW followed by 
Hebei (2,480 MW), Shanxi and Shandong (both 2,080 MW), based 
on cumulative capacity for end-2018 and end-2019, from China 
Energy Portal, op. cit. note 17; Jiangsu added 1,596 MW, from Yu, op. 
cit. note 24. Also, note that the top installers in 2019 were Shanxi, 
Inner Mongolia, Henan, Hebei and Jiangsu, from idem. Curtailment 
rates from NEA, “Wind power grid-connected operation in 2019”, 
op. cit. note 24. Curtailment rates during 2019 were 0% in Henan, 
4.8% in Hebei, 1.1% in Shanxi and 0.1% in Shandong, compared 
with rates of 7.1% to 14% in the northern and western provinces of 
Inner Mongolia, Gansu and Xinjiang, from idem.

30 Curtailed generation and curtailment rates in 2019 and 2018 based 
on data from NEA, “Wind power grid-connected operation in 
2019”, op. cit. note 24. In late 2018, China re-emphasised its aim to 
keep curtailment of wind generation below 10% in 2019 and 5% in 
2020, from Bloomberg News Editors, “China hopes to lessen solar, 
wind curtailment in 2019”, Renewable Energy World, 3 December 
2018, https://www.renewableenergyworld.com/articles/2018/12/
china-hopes-to-lessen-solar-wind-curtailment-in-2019.html; 
“China targets cut in wind-, solar-power blocked from grid access”, 
Bloomberg, 1 December 2018, https://www.bloomberg.com/
news/articles/2018-12-01/china-targets-cut-in-wind-solar-power-
blocked-from-grid-access. National curtailment in 2017 was 12% 
(41.9 TWh), from China National Energy Board, cited in NEA, 
“Wind grid operation in 2017”, 1 February 2018, http://www.nea.
gov.cn/2018-02/01/c_136942234.htm (using Google Translate); 
national curtailment in 2016 was 17% (49.7 TWh), from NEA and 
CEC, provided by S. Pengfei, CWEA, personal communication 
with REN21, 21 March 2017, and from NEA, “Wind power grid 
operation in 2016”, 26 January 2017, http://www.nea.gov.cn/2017-
01/26/c_136014615.htm (using Google Translate).

31 In Xinjiang, the curtailment rate fell more than 9 percentage points 
relative to 2018, to 14%; Gansu’s declined 11.4 percentage points, 
to 7.6%; Inner Mongolia’s fell nearly 3 percentage points, to 7.1%, 
based on 2019 data from NEA, “Wind power grid-connected 
operation in 2019”, op. cit. note 24, and on 2018 data from NEA, 
“2018 added solar PV capacities”, op. cit. note 29.

32 Generation in 2019 from NEA, “Wind power grid-connected 
operation in 2019”, op. cit. note 24; increase in generation was 
about 10.9%, based on generation of 365.8 TWh in 2018, and 
2019 share of total output based on wind generation relative to 
total generation (405.6 TWh) from CEC, op. cit. note 24. Figure 
of 5.2% in 2018 from China Energy Portal, “2018 wind power 
installations and production by province”, 28 January 2019, 
https://chinaenergyportal.org/en/2018-wind-power-installations-
and-production-by-province, and also based on data from 
China Electricity Council Express, cited in NEA, “National 
Energy Administration released statistics on national power 
industry in 2018”, 18 January 2019, http://www.nea.gov.cn/2019-
01/18/c_137754977.htm (using Google Translate). In 2017, wind 
energy generation was 305.7 TWh and its share of total generation 
was 4.8%, from China National Energy Board, cited in NEA, “Wind 

grid operation in 2017”, 1 February 2018, http://www.nea.gov.
cn/2018-02/01/c_136942234.htm (using Google Translate). 

33 Based on data from GWEC, “Global Wind Statistics 2019”,  
op. cit. note 1.

34 Figure of 8.5% based on 2,377 MW installed in 2019 and 2,191 
MW added in 2018, from GWEC, Global Wind Report 2019, op. cit. 
note 1, p. 44; down nearly 50% in 2018 based on 2018 additions 
from Idem and 4,148 MW added in 2017, from GWEC, op. cit. note 7, 
p. 29. In 2017, India saw a rush to capitalise on national incentives 
before they expired and on FIT-based power purchase agreements 
(PPAs) before a shift to auctions. Reverse auctions from A. Parikh, 
“India’s wind power installations flat in 2019 with 2.4 GW”, Mercom 
India, 20 February 2020, https://mercomindia.com/india-wind-
installations-flat-2019; R. Ranjan, “India’s wind sector failed to 
gain speed in 2019”, Mercom India, 23 December 2019, https://
mercomindia.com/india-wind-failed-gain-speed.

35 Year-end capacity of 37,505.18 MW, from Government of India, 
Ministry of New and Renewable Energy (MNRE), cited in Ministry 
of Power, CEA, “All India installed capacity (in MW) of power 
stations (as on 31.01.2019) (Utilities)”, p. 1, http://www.cea.nic.in/
reports/monthly/installedcapacity/2020/installed_capacity-01.pdf; 
net additions of 2,367.03 based on Idem, and on end-2018 capacity 
of 35,138.15, from Government of India, MNRE, cited in Ministry of 
Power, CEA, “All India installed capacity (in MW) of power stations 
(as on 31.01.2018) (Utilities)”, p. 1, http://www.cea.nic.in/reports/
monthly/installedcapacity/2018/installed_capacity-12.pdf. India 
added 2.4 GW in 2019 for a total of 37.5 GW, from GWEC, Global 
Wind Report 2019, op. cit. note 1, p. 18; added 2.4 GW for a total 
of 37,529 MW, from WWEA, op. cit. note 1; added 2,217 MW for 
a total of 37,505 MW, from IRENA, op. cit. note 1; added 2.9 GW 
for a total of almost 38 GW, from Campbell, op. cit. note 5; and 
ended 2019 with 37,733.16 MW, from J. Hossain, Renewable Energy 
Welfare Society, presentation for WWEA, “Webinar: Wind power 
markets around the world”, 16 April 2020, https://wwindea.org/
blog/2020/04/08/webinar-wind-power-markets-around-the-world.

36 Figure of around 8.6 GW was the total active pipeline as of year-
end 2019, from GWEC and MEC Intelligence, op. cit. note 9, p. 15. 
Of the 8.6 GW, nearly 3 GW was scheduled to be commissioned in 
2020, 5.2 GW in 2021 and the remainder during 2022, from idem. 
Note that 9.355 GW of capacity was under implementation at 
year’s end, from Government of India, MNRE, Annual Report 2019-
20 (New Delhi: 2020), p. 8, https://mnre.gov.in/img/documents/
uploads/file_f-1585710569965.pdf. For delays, see sources for the 
following paragraph.

37 Undersubscribed from, for example, Ranjan, op. cit. note 34, and 
from “Undersubscription becoming a norm”, Bridge to India, 
3 September 2019, https://bridgetoindia.com/undersubscription-
becoming-a-norm; delays and renegotiate tariffs from “Investors 
losing interest in troubled Indian market”, Windpower Monthly, 
7 October 2019, https://www.windpowermonthly.com/
article/1661651/investors-losing-interest-troubled-indian-
market; withdrawal from existing PPAs from A. Parikh, “Even 
with court’s stay order in place, Andhra Pradesh to cancel 21 
wind PPAs”, Mercom India, 30 July 2019, https://mercomindia.
com/stay-order-andhra-pradesh-cancel-wind-ppas. See also 
GWEC and MEC Intelligence, op. cit. note 9, p. 13, and IRENA, 
Renewable Energy Auctions: Status and Trends Beyond Price (Abu 
Dhabi: 2019), p. 14, https://www.irena.org/-/media/Files/IRENA/
Agency/Publication/2019/Dec/IRENA_RE-Auctions_Status-
and-trends_2019.pdf. Over the past three years, more than 17 GW 
of capacity has been auctioned, but more than one-third of this 
has gone unsubscribed or been cancelled after being awarded; 
meanwhile, more than 80% of awarded projects have been delayed 
by 6-12 months, from MEC Intelligence, cited in GWEC, Global Wind 
Report 2019, op. cit. note 1, p. 18. Andhra Pradesh severely curtailed 
wind generation, despite the national government’s “must run” 
status for renewables, shifting from wind to coal generation, from S. 
Prateek, “After high court’s stay, Andhra Pradesh begins curtailing 
wind power severely”, Mercom India, 26 July 2019, https://
mercomindia.com/wind-curtailment-andhra-ppa-revision; the 
state decided to renegotiate PPAs, from Parikh, op. cit. note 34, and 
it withdrew existing PPAs with 21 wind power projects, amounting 
to nearly 0.8 GW of capacity, from Parikh, op. cit. this note. Turbine 
deliveries and domestic manufacturing from S. Tenddulkar, “Indian 
downturn hits manufacturing production”, Windpower Monthly, 26 
April 2019, https://www.windpowermonthly.com/article/1583075/
indian-downturn-hits-manufacturing-production. 
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https://www.eurobserv-er.org/wind-energy-barometer-2020
https://baijiahao.baidu.com/s?id=1623876437525496663&wfr=spider&for=pc
https://baijiahao.baidu.com/s?id=1623876437525496663&wfr=spider&for=pc
https://baijiahao.baidu.com/s?id=1623876437525496663&wfr=spider&for=pc
https://www.renewableenergyworld.com/articles/2018/12/china-hopes-to-lessen-solar-wind-curtailment-in-2019.html
https://www.renewableenergyworld.com/articles/2018/12/china-hopes-to-lessen-solar-wind-curtailment-in-2019.html
https://www.bloomberg.com/news/articles/2018-12-01/china-targets-cut-in-wind-solar-power-blocked-from-grid-access
https://www.bloomberg.com/news/articles/2018-12-01/china-targets-cut-in-wind-solar-power-blocked-from-grid-access
https://www.bloomberg.com/news/articles/2018-12-01/china-targets-cut-in-wind-solar-power-blocked-from-grid-access
http://www.nea.gov.cn/2018-02/01/c_136942234.htm
http://www.nea.gov.cn/2018-02/01/c_136942234.htm
http://www.nea.gov.cn/2017-01/26/c_136014615.htm
http://www.nea.gov.cn/2017-01/26/c_136014615.htm
https://chinaenergyportal.org/en/2018-wind-power-installations-and-production-by-province
https://chinaenergyportal.org/en/2018-wind-power-installations-and-production-by-province
http://www.nea.gov.cn/2019-01/18/c_137754977.htm
http://www.nea.gov.cn/2019-01/18/c_137754977.htm
http://www.nea.gov.cn/2018-02/01/c_136942234.htm
http://www.nea.gov.cn/2018-02/01/c_136942234.htm
https://mercomindia.com/india-wind-installations-flat-2019
https://mercomindia.com/india-wind-installations-flat-2019
https://mercomindia.com/india-wind-failed-gain-speed
https://mercomindia.com/india-wind-failed-gain-speed
http://www.cea.nic.in/reports/monthly/installedcapacity/2020/installed_capacity-01.pdf
http://www.cea.nic.in/reports/monthly/installedcapacity/2020/installed_capacity-01.pdf
http://www.cea.nic.in/reports/monthly/installedcapacity/2018/installed_capacity-12.pdf
http://www.cea.nic.in/reports/monthly/installedcapacity/2018/installed_capacity-12.pdf
https://wwindea.org/blog/2020/04/08/webinar-wind-power-markets-around-the-world
https://wwindea.org/blog/2020/04/08/webinar-wind-power-markets-around-the-world
https://mnre.gov.in/img/documents/uploads/file_f-1585710569965.pdf
https://mnre.gov.in/img/documents/uploads/file_f-1585710569965.pdf
https://bridgetoindia.com/undersubscription-becoming-a-norm
https://bridgetoindia.com/undersubscription-becoming-a-norm
https://www.windpowermonthly.com/article/1661651/investors-losing-interest-troubled-indian-market
https://www.windpowermonthly.com/article/1661651/investors-losing-interest-troubled-indian-market
https://www.windpowermonthly.com/article/1661651/investors-losing-interest-troubled-indian-market
https://mercomindia.com/stay-order-andhra-pradesh-cancel-wind-ppas
https://mercomindia.com/stay-order-andhra-pradesh-cancel-wind-ppas
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Dec/IRENA_RE-Auctions_Status-and-trends_2019.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Dec/IRENA_RE-Auctions_Status-and-trends_2019.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Dec/IRENA_RE-Auctions_Status-and-trends_2019.pdf
https://mercomindia.com/wind-curtailment-andhra-ppa-revision
https://mercomindia.com/wind-curtailment-andhra-ppa-revision
https://www.windpowermonthly.com/article/1583075/indian-downturn-hits-manufacturing-production
https://www.windpowermonthly.com/article/1583075/indian-downturn-hits-manufacturing-production
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38 Challenges from, for example, GWEC and MEC Intelligence, op. cit. 
note 9, p. 9; Ranjan, op. cit. note 34; Parikh, op. cit. note 34; R. K. 
Singh, “Developers struggle to actually build low-cost wind farms 
in India”, Renewable Energy World, 6 December 2019, https://www.
renewableenergyworld.com/2019/12/06/developers-struggle-to-
actually-build-low-cost-wind-farms-in-india; Campbell, op. cit. note 
5; Tenddulkar, op. cit. note 37. Projects have become financially 
unattractive due to low tariff caps, and most of the wind resource-
rich sites are no longer available, making it difficult to acquire land; 
in addition, the windiest states are also those with the highest rates 
of curtailment, from Ranjan, op. cit. note 34. In addition, disputes 
between federal and state governments on the level of support 
needed for older wind farms have stalled India’s repowering 
potential, from Campbell, op. cit. note 5.

39 S. Gsänger, “A dangerous trend is challenging the success of wind 
power around the globe: Concentration and monopolization”, 
WindTech International, 4 February 2020, https://www.
windtech-international.com/view-from-inside/a-dangerous-trend-
is-challenging-the-success-of-wind-power-around-the-globe-
concentration-and-monopolisation; geographically concentrated 
from J. Hossain, WWEA, “Experience with auctions in India”, from 
WWEA, “Webinar: Wind power and renewable energy policies: 
What is best to reach 100% RE”, 14 May 2020, https://wwindea.
org/blog/2020/05/07/wweawebinar-wind-power-and-renewable-
energy-policies-what-is-best-to-reach-100-re-14-may. 

40 Turkey installed 687 MW onshore, for a total of 8,056 MW at end-
2019, and added 497 MW in 2018, all from Turkish Wind Energy 
Association (TWEA), Turkish Wind Energy Statistic Report (Ankara: 
January 2020), p. 9, http://www.tureb.com.tr/files/bilgi_bankasi/
turkiye_res_durumu/istatistik_raporu_ocak_2020.pdf. Turkey 
added 686 MW for a total of 8,056 MW, from WindEurope, op. cit. 
note 13, p. 10; added 687 MW for a total of 8,056 MW, from WWEA, 
op. cit. note 1; and added 586 MW for a total of 7,591 MW, from 
IRENA, op. cit. note 1.op. cit. note 40, p. 11.

41 Fourth and capacity based on data from GWEC, Global Wind 
Report 2019, op. cit. note 1, pp. 44, 53; drop in FIT rates and investor 
confidence, from GWEC, “Market to watch: Thailand”, press release 
(Brussels: 28 February 2020), https://gwec.net/market-to-watch-
thailand. Thailand added 322 MW in 2019, down from 567.5 MW 
in 2018, for a total of 1,532 MW, from idem, both sources; added 
323 MW for a total of 1,538 MW, from WWEA, op. cit. note 1; and 
added 404 MW for a total of 1,507 MW, from IRENA, op. cit. note 1. 

42 Based on data from GWEC, Global Wind Report 2019, op. cit. 
note 1, p. 44. Pakistan added 396.6 MW in 2019 for a total of 
1,185 MW, from I. Mirza, WWEA Pakistan, presentation for 
WWEA, “Webinar: Wind power markets around the world”, 
16 April 2020, https://wwindea.org/blog/2020/04/08/
webinar-wind-power-markets-around-the-world.

43 T. Leonard, “Wind market storming ahead in Vietnam, but possible 
obstacles remain”, DNV GL, 24 June 2019, https://blogs.dnvgl.com/
energy/wind-market-storming-ahead-in-vietnam-but-possible-
obstacles-remain. 

44 Vietnam had a total of 228 MW at the end of 2018; the government 
targets 800 MW by 2020, 2 GW by 2025, and 6 GW by 2030, from 
idem. Vietnam added 160 MW for a total of 388 MW, from GWEC, 
Global Wind Report 2019, op. cit. note 1, pp. 44, 51, and from WWEA, 
op. cit. note 1; and added 138 MW for a total of 375 MW, from 
IRENA, op. cit. note 1.

45 GWEC, “Industry pulse: South East Asia energy transition”, press 
release (Brussels: 28 February 2020), https://gwec.net/industry-
pulse-south-east-asia-energy-transition; GWEC, op. cit. note 42. 

46 All Europe (not including Turkey) added 11,056 MW onshore and 
3,627 MW offshore (14,683 MW total), for a year-end total of 
196,758 MW (174,687 MW onshore and 22,071 MW offshore), based 
on data from WindEurope, op. cit. note 13, p. 10. Europe added 
14,023 MW for a total of 195,908 MW, from IRENA, op. cit. note 1.

47 WindEurope, op. cit. note 13, pp. 8, 10. Based on additions of 
9,552 MW onshore and 3,627 MW offshore (less 178 MW of 
decommissioned capacity), for a year-end total of 192,231 MW, 
of which 170,162 MW was onshore and 22,069 MW was offshore, 
from idem, pp. 8, 10. The EU installed 12,238.3 MW in 2019 
(including 3,050 MW offshore), and decommissioned 208 MW, 
for a year-end total of 191,509.3 MW (including 21,803.6 MW 
offshore), from EurObserv’ER, op. cit. note 26, pp. 4, 10. Figure 
for EU-27 cumulative capacity (168,716 MW) based on data from 
WindEurope, op. cit. note 13, pp. 10, 14. Cumulative capacity for 
EU-27 was 167,578 MW, from EurObserv’ER, op. cit. note 26, p. 4.

48 Up 34% based on net additions of 13,001 MW in 2019, from 
WindEurope, op. cit. note 13, pp. 10, 16, and on net additions in 2018 
of 9,690 MW (7,450 MW added onshore and 2,661 MW offshore, 
less 421 MW decommissioned), from WindEurope, Wind Energy in 
Europe in 2018: Trends and Statistics (Brussels: 2019), p. 10, https://
windeurope.org/wp-content/uploads/files/about-wind/statistics/
WindEurope-Annual-Statistics-2018.pdf.

49 Greece, Spain and Sweden from GWEC, Global Wind Report 2019, 
op. cit. note 1, p. 13. Greece additions of 727 MW, and Sweden 
additions of 1,588 MW and year-end total of 8,985 MW, from 
WindEurope, op. cit. note 13, pp. 10, 11, 13. Wind power installations 
reached a record 727.5 MW in Greece during 2019, more than 
double the previous annual high of 311 MW, from I. Tsipouridis, RED 
PRO Consultants, personal communication with REN21, April 2020. 
Greece added 732 MW and Sweden added 1,579 MW from WWEA, 
op. cit. note 1; and Greece added 670 MW and Sweden added 1,588 
MW from IRENA, op. cit. note 1.

50 Figure of 19 countries in 2019 based on data (9 EU member states 
added no new capacity) from WindEurope, op. cit. note 13, p. 13; 
figure of 16 countries in 2018 based on data from WindEurope, op. 
cit. note 48, p. 10.

51 Top countries in 2019 from WindEurope, op. cit. note 13, p. 12, and 
share of installations based on data from idem., pp. 10, 16. The 
share was down from 80% in 2018, from WindEurope, op. cit. note 
48, p. 10. France contraction from WindEurope, op. cit. note 13; for 
Germany, see text and sources below.

52 WindEurope, op. cit. note 13, pp. 10, 15. Also based on data 
from IRENA, op. cit. note 1. France added 1,336 MW for total of 
16,646 MW (all but 2 MW onshore), and Italy added 456 MW 
for a total of 10,512 MW, from WindEurope, op. cit. note 13, p. 10. 
France added 1,360 MW for a total of 16,494 MW, from Réseau de 
transport d’électricité (RTE), Bilan Électrique 2019 (Paris: 2020), 
p. 27, https://www.rte-france.com/sites/default/files/bilan-
electrique-2019_1.pdf. Italy added 456 MW for a year-end total of 
10,512 MW, from WindEurope, op. cit. this note, and added 450 MW 
for a total of 10,600 MW, from D. A. Garcia, Italian Wind Energy 
Association, presentation for WWEA, “Webinar: Wind power 
markets around the world”, 16 April 2020, https://wwindea.org/
blog/2020/04/08/webinar-wind-power-markets-around-the-world. 

53 The United Kingdom added 629 MW onshore and 1,764 MW 
offshore, and decommissioned 17 MW of capacity, for net additions 
of 2,376 MW and a year-end total of 23,515 MW, based on data 
from WindEurope, op. cit. note 13, pp. 8, 16. The UK ended 2018 
with 21,771 MW (including 8,217 MW offshore) and ended 2019 with 
an estimated 23,975 MW (including 9,792 MW offshore), for total 
additions in 2019 of 2,204 MW, from UK BEIS, op. cit. note 15. The 
UK added 2,358 MW (1,728 MW added offshore) in 2019, for a total 
of 24,128 MW, from IRENA, op. cit. note 1; and added 2,772 MW for 
a total of 23,515 MW, from WWEA, op. cit. note 1.

54 WindEurope, op. cit. note 13, p. 12. 
55 Ibid., p. 12.
56 Lows for coal and rise of wind, from A. Lee, “UK coal power 

hits 19th century lows as offshore wind roars on”, Recharge, 
26 September 2019, https://www.rechargenews.com/
wind/1855732/uk-coal-power-hits-19th-century-lows-as-offshore-
wind-roars-on; share of generation from wind energy was 19.8% 
(half of which was from onshore capacity and half from offshore 
wind power capacity), from UK BEIS, Energy Trends report, cited 
in D. Snieckus, “Wind delivers ‘more than half’ of record UK 
renewables power output”, Recharge, 26 March 2020, https://
www.rechargenews.com/transition/wind-delivers-more-than-half-
of-record-uk-renewables-power-output/2-1-781960.

57 Spain added 2,319 MW for a total of 25,808 MW, from REE, cited 
in WindEurope, op. cit. note 13, pp. 8, 10; more than five times 2018 
installations of 392 MW, from GWEC, “Global Wind Statistics 2019”, 
op. cit. note 1, and from WindEurope, op. cit. note 48, p. 10. Spain 
added 2,243 MW for a total of 25.7 GW, from Spanish wind energy 
association, AEE, cited in D. Weston, “Spain surpasses 25GW after 
‘intense’ 2019”, Windpower Monthly, 25 February 2020, https://www.
windpowermonthly.com/article/1675099/spain-surpasses-25gw-
intense-2019, and added 2,148 MW based on year-end 2019 capacity 
of 25,742 MW and year-end 2018 capacity of 23,594 MW, from REE, 
“Potencia instalada nacional (MW)”, as of 31 December 2019, https://
www.ree.es/es/datos/publicaciones/series-estadisticas-nacionales.

58 WindEurope, op. cit. note 13, p. 8.
59 P. Dorronsoro, “Spain’s new renewable energy ‘reasonable 

return’ law”, Pinsent Masons, 4 December 2019, 
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https://www.pinsentmasons.com/out-law/analysis/
spains-new-renewable-energy-reasonable-return-law. 

60 WindEurope, op. cit. note 13, p. 7; Germany was the leading installer 
in Europe from 2011 through 2018; Spain added slightly more 
capacity than Germany did during 2010, based on data from past 
editions of the REN21 Renewables Global Status Report.

61 Added 2,189 MW (1,078 gross onshore and 1,111 MW offshore) and 
decommissioned 97 MW (onshore), for net additions of 2,092 MW 
(981 MW onshore and 1,111 MW offshore), for a total of 61,357 MW 
(53,912 MW onshore and 7,445 MW offshore) at end-2019, from 
WindEurope, op. cit. note 13, p. 10. Similar numbers for onshore 
and offshore, with the exception of a year-end total of 7,516 MW 
offshore, from Deutsche Windguard, Status of Onshore Wind 
Energy Development in Germany, Year 2019 (Varel, Germany: 
2020), p. 3, https://www.windguard.com/year-2019.html, and from 
Deutsche Windguard, Status of Offshore Wind Energy Development 
in Germany, Year 2019 (Varel, Germany: 2020), p. 3, https://www.
windguard.com/year-2019.html. Also, similar numbers for onshore 
and offshore additions, but 7.77 GW total offshore at end-2019, from 
Windpower Intelligence, cited in Campbell, op. cit. note 5. Official 
data are net additions of 886 MW onshore and 1,111 MW offshore 
for net total additions of 1,997 MW, and cumulative year-end 
capacity of 60.8 GW (including 53.3 GW onshore and 7.5 GW 
offshore), based on data from BMWi and AGEE-Stat, op. cit. note 
15, p. 7. Note that Germany data from WindEurope are used in text, 
figures and reference table for consistent methodology across all 
countries in Europe.

62 WindEurope, op. cit. note 13, p. 13; U. Hessler, “German wind 
energy stalls amid public resistance and regulatory hurdles”, DW, 
4 September 2019, https://www.dw.com/en/german-wind-energy-
stalls-amid-public-resistance-and-regulatory-hurdles/a-50280676; 
D. Weston, “Why Enercon is struggling and Senvion has gone 
under”, Windpower Monthly, 14 November 2019, https://www.
windpowermonthly.com/article/1665862/why-enercon-struggling-
senvion-gone; J. S. Hill, “’Collapse’ of Germany onshore wind is 
‘jeopardizing’ German & EU renewable targets”, CleanTechnica, 
13 May 2020, https://cleantechnica.com/2019/05/13/collapse-of-
german-onshore-wind-is-jeopardizing-german-eu-renewable-
targets; R. Hinrichs-Rahlwes, European Renewable Energies 
Federation and German Renewable Energy Federation (BEE), 
personal communication with REN21, 3 April 2020. Figure of 16% 
of the 2017 volume from GWEC, Global Wind Report 2019, op. cit. 
note 1, p. 24; auction model introduced in 2017, from WWEA and 
Landesverband Erneuerbare Energien Nordrhein-Westfalen (LEE 
NRW), Community Wind Under the Auctions Model: A Critical 
Appraisal (Bonn/Düsseldorf: September 2019), WWEA Policy 
Paper Series, p. 8, https://wwindea.org/download/community-
power-study-september-2019. The downturn results from a number 
of so-called citizen-owned projects that secured contracts in 2017 
without permits and with longer lead times before needing to be 
online, and many of these have been held up by legal proceedings, 
from Weston, op. cit. this note. The onshore market has been 
stalled by permitting, legal and administrative delays as well as 
NIMBY-ism and the rise of a climate-sceptic political party, from 
GWEC op. cit. this note, pp. 24, 25.

63 Figure of more than 10 GW stuck in the permitted process based 
on more than 10 GW from FA Wind, cited in GWEC, Global Wind 
Report 2019, op. cit. note 1, p. 25; an estimated 11 GW from reve, 
“Germany wind power industry in crisis”, 17 December 2019, https://
www.evwind.es/2019/12/17/germany-wind-power-industry-in-
crisis/72559; increase from 10 months to more than two years from 
EurObserv’ER, op. cit. note 26, p. 7. The time required to get through 
the permitting process has nearly tripled since 2010, from GWEC, 
Global Wind Report 2019, op. cit. note 1, p. 25. See also WindEurope, 
“Collapse in wind energy growth jeopardises German and EU 
renewables targets”, press release (Brussels: 10 May 2019), https://
windeurope.org/newsroom/press-releases/collapse-in-wind-
energy-growth-jeopardises-german-and-eu-renewables-targets. 

64 Aviation and military from GWEC, Global Wind Report 2019, op. 
cit. note 1, p. 25; public resistance and setback from idem, p. 25. 
Public resistance also from GWEC, Global Wind Market Outlook 
Update Q3 2019, op. cit. note 11, p. 9., and due to projects believed 
to be too close to residential areas or to concerns about impacts 
on birds and other wildlife, from Hessler, op. cit. note 62; D. Wetzel, 
“Collapse of wind power threatens Germany’s green energy 
transition”, Die Welt, 26 July 2019, https://www.thegwpf.com/
collapse-of-wind-power-threatens-germanys-green-energy-
transition; setback distance also from Campbell, op. cit. note 5. See 
also WWEA and LEE NRW, op. cit. note 62. The proposed setback 

was pending as of early 2020 and the legislative process had 
stalled, but already the proposed setback was having a significant 
impact on development of wind power projects in Germany, from 
Hinrichs-Rahlwes, op. cit. note 62. In May 2020, Germany’s coalition 
government decided to leave the decision on turbine setbacks up 
to individual regions, from J. Parnell, “Onshore wind compromise 
averts German solar market crisis”, GTM, 18 May 2020, https://www.
greentechmedia.com/articles/read/onshore-wind-policy-dispute-
could-decimate-germanys-distributed-solar-industry.

65 Deterrents and impacts on community wind from WWEA, 
“German government clearly misses all three self-imposed goals 
associated with auctions”, press release (Bonn/Düsseldorf/
Berlin: 2 September 2019), https://wwindea.org/blog/2019/09/02/
german-government-clearly-misses-all-three-self-imposed-
goals-associated-with-auctions, and from WWEA and LEE NRW, 
op. cit. note 62; deterring investors also from Wetzel, op. cit. note 
64; privileges for community projects from Institute for Energy 
Research, “Wind power is collapsing in Germany”, 20 August 2019, 
https://www.instituteforenergyresearch.org/international-issues/
wind-power-is-collapsing-in-germany. 

66 WindEurope, op. cit. note 13, pp. 13, 21; GWEC, Global Wind 
Report 2019, op. cit. note 1, p. 25. Five of six onshore wind 
auctions were undersubscribed, from idem, both sources. Volume 
tendered was 3,675 MW and only 1,847 MW was awarded, and 
undersubscription was due to difficulties obtaining necessary 
permits, from Deutsche Windguard, Status of Onshore Wind 
Energy Development in Germany, Year 2019, op. cit. note 61, p. 8. A 
tender held in December was Germany’s first onshore wind power 
tender to be oversubscribed since August 2018, from C. Richard, 
“Oversubscribed tender brings glimmer of hope to beleaguered 
German onshore sector”, Windpower Monthly, 20 December 
2019, https://www.windpowermonthly.com/article/1669738/
oversubscribed-tender-brings-glimmer-hope-beleaguered-
german-onshore-sector. For more on tenders during the year, see 
C. Richard, “German tender undersubscribed again”, Windpower 
Monthly, 9 August 2019, https://www.windpowermonthly.com/
article/1593487/german-tender-undersubscribed-again; reve,  
op. cit. note 63.

67 J. Harper, “German wind power blown off course”, DW, 21 
November 2019, https://www.dw.com/en/german-wind-power- 
blown-off-course/a-51341340; J. Harper, “Winds of change push 
German power grid to brink”, DW, 3 November 2019, https://www.
dw.com/en/winds-of-change-push-german-power-grid-to- 
brink/a-52701005.  

68 Up almost 12% on land and 27% offshore, and total generation in 
2019 was 125,975 GWh (101,270 GWh onshore and 24,705 GWh 
offshore), and share of total gross generation was 21.8% (17.5% 
onshore and 4.3% offshore), all based on data from BMWi and 
AGEE-Stat, op. cit. note 15, pp. 44-45. Net generation was up 13% 
on land (to 106 TWh), from Deutsche Windguard, Status of Onshore 
Wind Energy Development in Germany, op. cit. note 61, p. 11; up 
about 25% offshore (to 25.8 TWh) from Deutsche Windguard, 
Status of Onshore Wind Energy Development in Germany, op. cit. 
note 61, p. 11; 24.8% share of net generation, based on 127.23 TWh 
total net generation from wind energy and 513.76 TWh total 
net generation from all sources, from Fraunhofer ISE, “Annual 
electricity generation in Germany in 2019”, https://www.energy-
charts.de/energy.htm?source=all-sources&period=annual&y
ear=2019, updated 1 February 2020.

69 J. Deign, “Germany’s maxed-out grid is causing trouble across 
Europe”, GTM, 31 March 2020, https://www.greentechmedia.com/
articles/read/germanys-stressed-grid-is-causing-trouble-across-
europe; Harper, “Winds of change push German power grid to 
brink”, op. cit. note 67.

70 Curtailment decline from I. Komusanac, WindEurope, Brussels, 
personal communication with REN21, 29 April 2020; electricity 
exports declined from 48 TWh in 2018 to about 30 TWh in 
2019, and were mostly to Austria and Poland, from Fraunhofer 
ISE, “Public net electricity generation in Germany 2019: Share 
from renewables exceeds fossil fuels”, press release (Freiburg: 
15 January 2020), p. 4, https://www.ise.fraunhofer.de/content/
dam/ise/en/documents/News/0120_e_ISE_News_Electricity%20
Generation_2019.pdf; transmission target and completion 
from Bundesnetzagentur, “Bundesnetzagentur veröffentlicht 
Jahresbericht 2019”, press release (Bonn: 30 April 2020), https://
www.bundesnetzagentur.de/SharedDocs/Pressemitteilungen/
DE/2020/20200429_Jahresbericht.html.

71 Deign, op. cit. note 69; Komusanac, op. cit. note 70. 
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https://www.ise.fraunhofer.de/content/dam/ise/en/documents/News/0120_e_ISE_News_Electricity%20Generation_2019.pdf
https://www.ise.fraunhofer.de/content/dam/ise/en/documents/News/0120_e_ISE_News_Electricity%20Generation_2019.pdf
https://www.bundesnetzagentur.de/SharedDocs/Pressemitteilungen/DE/2020/20200429_Jahresbericht.html
https://www.bundesnetzagentur.de/SharedDocs/Pressemitteilungen/DE/2020/20200429_Jahresbericht.html
https://www.bundesnetzagentur.de/SharedDocs/Pressemitteilungen/DE/2020/20200429_Jahresbericht.html
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72 WindEurope, op. cit. note 13, pp. 18, 19. Wind energy generated an 
estimated 417 TWh in the EU during the year, from idem, p. 8. Wind 
energy generated an estimated 425.984 TWh in the EU-28 during 
2019, from EurObserv’ER, op. cit. note 26, p. 6.

73 WindEurope, op. cit. note 13, p. 17.
74 Norway added 780 MW for a total of 2,444 MW, from WindEurope, 

op. cit. note 13, p. 10; Norway added 769 MW for a total of 
2,444 MW, from WWEA, op. cit. note 1; and Norway added 734 MW 
for a total of 2,444 MW, from IRENA, op. cit. note 1.

75 D. Weston, “Local protests kill Norway's wind plans”, Windpower 
Monthly, 17 October 2019, https://www.windpowermonthly.com/
article/1662940/local-protests-kill-norways-wind-plans.

76 Ukraine added 637.1 MW in 2019, up from 67.8 MW in 2019, for 
a year-end total of 1169.9 MW (including occupied territories in 
the east), and policy transition all from Ukrainian Wind Energy 
Association (UWEA), Wind Power Sector of Ukraine 2019 (Kyiv: 
2020), pp. 8, 9, 21. Wind generation was curtailed for the first time 
in Ukraine in November 2019, due to imports of electricity from the 
Russian Federation and Belarus; also in 2019, Ukraine transitioned 
to a new wholesale electricity market in July, based on bilateral, 
day-ahead, intra-day balancing and ancillary services, compared 
with the previous single buyer model, all from idem, pp. 15, 29. 
Ukraine added 577 MW for a total of 1,170 MW, from WWEA, op. cit. 
note 1; and added 637 MW for a total of 1,258 MW, from IRENA, op. 
cit. note 1.

77 Capacity of PPAs in Europe during 2019 from Komusanac, op. cit. 
note 12; auctions from WindEurope, op. cit. note 13, p. 21.

78 Americas added 13,427 MW for a total exceeding 148 GW, from 
GWEC, “Americas wind installations rise 12% in 2019 to 13.4GW”, 
4 February 2020, https://gwec.net/americas-wind-installations-
rise-12-in-2019-to-13-4gw; regional share of new capacity based on 
idem, and on data for 2018 (11,891 MW added) from GWEC, “Global 
Wind Statistics 2019”, op. cit. note 1. The Americas (including 
North and South America, Central America and Caribbean) added 
13,233 MW for a total of 146,187 MW, based on data from IRENA, 
op. cit. note 1.

79 US share based on total regional additions and US-only 
installations of 9,143 MW, from AWEA, op. cit. note 12, p. 3; third 
biggest year from idem. The top years were 2012 (13 GW added) 
and 2009 (10 GW), from GWEC, op. cit. note 78. 

80 Additions were 9,143 MW for a year-end total of 105,583 MW, 
from AWEA, op. cit. note 12, p. 3; additions were 9,137 MW for a 
year-end total of 105,591, from AWEA, “Wind Powers America 
Annual Report”, press release (Washington, DC: 16 April 2020), 
https://www.awea.org/resources/news/2020/wind-is-now-
america%E2%80%99s-largest-renewable-energy-pro. Total 
US year-end wind power summer capacity at end-2019 was 
103,584.5 MW, including 29.3 MW offshore, not including capacity 
from facilities with a total generator nameplate capacity of less than 
1 MW, from US EIA, op. cit. note 17, Table 6.1; and annual additions 
totalled 7,165 MW for total available installed US generating 
capacity at end-2019 of 101.93 GW, from Federal Energy Regulatory 
Commission, Office of Energy Projects, Energy Infrastructure 
Update for December 2019 (Washington, DC: 2019), https://www.
ferc.gov/legal/staff-reports/2019/dec-energy-infrastructure.pdf. 

81 Figure of 22,115 MW, from AWEA, op. cit. note 12, pp. 3, 4. 
82 GWEC, op. cit. note 78. The USD 0.015 per kWh production tax 

credit (or 18% investment tax credit) is available for wind power 
projects that begin construction during 2020 and come into 
operation before the end of 2023, from GWEC, Global Wind Report 
2019, op. cit. note 1, p. 60.

83 AWEA, Washington, DC, personal communication with REN21, 
8 May 2020. Corporate and utility wind PPAs reached 8,726 MW in 
2019, of which 5,266 MW was with utilities, all from AWEA, op. cit. 
note 12, pp. 3, 4. RPS mandates and corporates also from GWEC, 
Global Wind Report 2019, op. cit. note 1, p. 37.

84 AWEA, op. cit. note 12, pp. 3, 4. Utilities signed 5,085 MW, their 
second highest amount, out of a record total of 8,726 MW of PPAs, 
from AWEA, Wind Powers America – Annual Report 2019, Executive 
Summary (Washington, DC: 2020), p. 5, https://www.awea.org/
resources/publications-and-reports/market-reports/2019-u-s-wind-
industry-market-reports/amr2019_executivesummary. Most of the 
projects under construction were expected to come online in 2020 to 
receive the full PTC value, from AWEA, op. cit. note 12, pp. 3, 4.

85 AWEA, op. cit. note 12, p. 7.
86 The six states were Texas with 28,843 MW, Iowa (10,190 MW), 

Oklahoma (8,172 MW), Kansas (6,128), California (5,973 MW) and 
Illinois (5,350 MW), and cumulative capacity in Texas, all from 
AWEA, op. cit. note 12, pp. 7, 8. Another 13 states had more than 
1 GW at year’s end, from idem.

87 The Southwest Power Pool, the grid throughout much of the US 
Midwest, saw wind’s share of generation reach 66.5% in April 2019, 
from C. Walter, “Wind breaks a new record in Southwest Power 
Pool”, AWEA, 26 April 2019, https://www.aweablog.org/wind-
breaks-new-record-southwest-power-pool. Several other regional 
grids also broke wind output or penetration records in 2018 and 
2019, from idem. See, for example: G. Alvarez, “2018 highlights: Six 
trends shaping the future of wind power”, AWEA, 10 January 2019, 
https://www.aweablog.org/2018-highlights-six-trends-shaping-
future-wind-power; E. Douglas, “Texas wind generation breaks 
record, ERCOT reports”, Houston Chronicle, 20 December 2018, 
https://www.chron.com/business/energy/article/Texas-wind-
generation-breaks-record-ERCOT-13481063.php; R. Druzin, “Texas 
grid operator reports record amount of wind generation”, Houston 
Chronicle, 16 November 2018, https://www.chron.com/business/
energy/article/Texas-grid-operator-reports-record-amount-of-
wind-13398202.php; G. Alvarez, “A huge record in the Southwest 
Power Pool”, AWEA, 22 March 2018, http://www.aweablog.org/
huge-new-record-southwest-power-pool. 

88 K. Balaraman, “Wind plants can provide grid services similar 
to gas, hydro, easing renewables integration: CAISO”, Utility 
Dive, 13 March 2020, https://www.utilitydive.com/news/wind-
plants-can-provide-grid-services-similar-to-gas-hydro-easing-
renewab/574070; C. Loutan et al., Avangrid Renewables Tule Wind 
Farm: Demonstration of Capability to Provide Essential Grid Services 
(Folsom, CA: California ISO, Avangrid Renewables, General 
Electric, 11 March 2020), http://www.caiso.com/Documents/
WindPowerPlantTestResults.pdf. 

89 Based on data from US EIA, op. cit. note 17, Tables 1.14.B and 1.3.B
90 States include Iowa (42%), Kansas (41.4%), Oklahoma (34.6%), 

North Dakota (26.8%), South Dakota (23.9%), Maine (23.8%), 
Nebraska (19.9%), New Mexico (19.5%), Colorado (19.4%), 
Minnesota (19.1%), Vermont (17.6%), Texas (17.5%) and Idaho 
(16.2%), all based on data from US EIA, op. cit. note 17, Tables 1.14.B 
and 1.3.B. Figures of 7.3% in 2019 and 6.5% of US total generation 
in 2018 based on data for utility-scale facilities net generation 
during 2018 from idem, Table ES1.B.

91 US EIA, “Wind has surpassed hydro as most-used renewable 
electricity generation source in U.S.”, 26 February 2020, https://
www.eia.gov/todayinenergy/detail.php?id=42955.

92 The region added 3,686.5 MW in 2019 based on data from GWEC, 
“Global Wind Statistics 2019”, op. cit. note 1. Added 3,470 MW for 
a total of 29,190 MW, based on data for Central America and the 
Caribbean, South America and Mexico, from IRENA, op. cit. note 1.

93 The decline in installations relative to 2018 was about 1.3%, based 
on data from GWEC, “Global Wind Statistics 2019”, op. cit. note 
1; due to decline in Brazil and others made up for Brazil’s decline 
based on data from idem, and from GWEC, Global Wind Report 
2019, op. cit. note 1, p. 39. 

94 Figure of 29.2 GW based on data from GWEC, Global Wind Report 
2019, op. cit. note 1, p. 44; number of countries based on data from 
GWEC, “Global Wind Statistics 2019”, op. cit. note 1.

95 Mexico added 1,284 MW, followed by Argentina (931 MW), Brazil 
(745 MW), and Chile added a record 526 MW, all from GWEC, 
op. cit. note 78. Data align for every country except Chile, which 
added only 170 MW in 2019, from Windpower Intelligence, cited in 
Campbell, op. cit. note 5. Argentina ended the year with a total of 
1,571 MW, Chile with a total of 1,889 MW, and Uruguay added no 
new capacity and ended the year with a total of 1,647 MW, all from 
Windpower Intelligence, op. cit. this note. Mexico added 1,716 MW 
for a total of 6,591 MW, Argentina added 859 MW for a total of 
1,609 MW, Brazil added 531 MW for a total of 15,364 MW, and Chile 
added 96 MW for a total of 1,620 MW, from IRENA, op. cit. note 1; 
and Mexico added 1,280 MW for a total of 6,215 MW, Argentina 
added 882 MW for a total of 1,604 MW, Brazil added 745 MW 
for a total of 15,452 MW, and Chile added 529 MW for a total of 
2,150 MW, from WWEA, op. cit. note 1.

96 GWEC, op. cit. note 78; a total of 1,174 MW of wind power capacity, 
in seven projects, received 15-year PPAs, from GWEC, Global 
Wind Report 2019, op. cit. note 1, p. 46. Ecuador also launched a 
tender for wind power, in July 2019, from G. Fenés, “Exclusivo: los 
pliegos de la subasta de energías renovables que lanzó el Gobierno 
de Ecuador”, 2 August 2019, Energía Estratégica, https://www.

68

https://www.windpowermonthly.com/article/1662940/local-protests-kill-norways-wind-plans
https://www.windpowermonthly.com/article/1662940/local-protests-kill-norways-wind-plans
https://gwec.net/americas-wind-installations-rise-12-in-2019-to-13-4gw
https://gwec.net/americas-wind-installations-rise-12-in-2019-to-13-4gw
https://www.awea.org/resources/news/2020/wind-is-now-america%E2%80%99s-largest-renewable-energy-pro
https://www.awea.org/resources/news/2020/wind-is-now-america%E2%80%99s-largest-renewable-energy-pro
https://www.ferc.gov/legal/staff-reports/2019/dec-energy-infrastructure.pdf
https://www.ferc.gov/legal/staff-reports/2019/dec-energy-infrastructure.pdf
https://www.awea.org/resources/publications-and-reports/market-reports/2019-u-s-wind-industry-market-reports/amr2019_executivesummary
https://www.awea.org/resources/publications-and-reports/market-reports/2019-u-s-wind-industry-market-reports/amr2019_executivesummary
https://www.awea.org/resources/publications-and-reports/market-reports/2019-u-s-wind-industry-market-reports/amr2019_executivesummary
https://www.aweablog.org/wind-breaks-new-record-southwest-power-pool
https://www.aweablog.org/wind-breaks-new-record-southwest-power-pool
https://www.aweablog.org/2018-highlights-six-trends-shaping-future-wind-power
https://www.aweablog.org/2018-highlights-six-trends-shaping-future-wind-power
https://www.chron.com/business/energy/article/Texas-wind-generation-breaks-record-ERCOT-13481063.php
https://www.chron.com/business/energy/article/Texas-wind-generation-breaks-record-ERCOT-13481063.php
https://www.chron.com/business/energy/article/Texas-grid-operator-reports-record-amount-of-wind-13398202.php
https://www.chron.com/business/energy/article/Texas-grid-operator-reports-record-amount-of-wind-13398202.php
https://www.chron.com/business/energy/article/Texas-grid-operator-reports-record-amount-of-wind-13398202.php
http://www.aweablog.org/huge-new-record-southwest-power-pool
http://www.aweablog.org/huge-new-record-southwest-power-pool
https://www.utilitydive.com/news/wind-plants-can-provide-grid-services-similar-to-gas-hydro-easing-renewab/574070
https://www.utilitydive.com/news/wind-plants-can-provide-grid-services-similar-to-gas-hydro-easing-renewab/574070
https://www.utilitydive.com/news/wind-plants-can-provide-grid-services-similar-to-gas-hydro-easing-renewab/574070
http://www.caiso.com/Documents/WindPowerPlantTestResults.pdf
http://www.caiso.com/Documents/WindPowerPlantTestResults.pdf
https://www.eia.gov/todayinenergy/detail.php?id=42955
https://www.eia.gov/todayinenergy/detail.php?id=42955
https://www.energiaestrategica.com/exclusivo-los-pliegos-de-la-subasta-de-energias-renovables-que-lanzo-el-gobierno-de-ecuador
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energiaestrategica.com/exclusivo-los-pliegos-de-la-subasta-de-
energias-renovables-que-lanzo-el-gobierno-de-ecuador (using 
Google Translate).

97 OLADE and GWEC, cited in GWEC, “Public tenders and auctions 
have driven 80% of current renewable energy capacity in Latin 
America and the Caribbean”, op. cit. note 11; OLADE, “Public tenders 
and auctions have boosted 80% of the current renewable energy 
capacity in Latin America and the Caribbean”, 19 March 2020, 
http://www.olade.org/noticias/public-tenders-and-auctions-have-
boosted-80-of-the-current-renewable-energy-capacity-in-latin-
america-and-the-caribbean/?lang=en. Role of auctions also from 
GWEC, Global Wind Report 2019, op. cit. note 1, p. 48. 

98 Rankings, Mexico’s additions (1,281 MW) and cumulative capacity 
of 6,215 MW based on data from GWEC, “Global Wind Statistics 
2019”, op. cit. note 1. Mexico had a total of nearly 6 GW at year’s 
end, from Windpower Intelligence, cited in Campbell, op. cit. note 5. 
Wind power grew 26%, adding a record 1,280 MW, from Mexican 
Association of Wind Energy, cited in “Las energías renovables 
baten su récord en México pese a las tensiones con el Gobierno”, El 
Pais, 26 February 2020, https://elpais.com/economia/2020/02/26/
actualidad/1582694040_481642.html (using Google Translate). 
In 2019, about 65% of production resulted from long-term power 
auction, especially the first and second auctions, in 2015 and 2016; 
the third auction was in 2017, and about half of contracted capacity 
was under construction as of early 2020, from idem. Note that 
Mexico had 6,590 MW of wind power capacity at the end of 2019, 
up from 4,875 MW (net additions of 1,715 MW), and wind energy 
accounted for 8% of Mexico’s electricity generation during the year, 
from “Sector eólico alerta: riesgo en empleos”, Heraldo de México, 
12 March 2020, https://heraldodemexico.com.mx/mer-k-2/sector-
eolico-alerta-riesgo-en-empleos (using Google Translate).

99 GWEC, Global Wind Market Outlook Update Q3 2019, op. cit. note 11, 
p. 4; GWEC, op. cit. note 78. 

100 On-off policies and auctions, from GWEC, Global Wind Report 
2019, op. cit. note 1, and from Zhao, op. cit. note 7, 4 May 2020. 
Doubling and year-end capacity based on data from GWEC, 
“Global Wind Statistics 2019”, op. cit. note 1. Argentina added 
931 MW in 2019 for a year-end total of nearly 1,604 MW, from 
idem. See also S. Marcacci, “Argentina may be the hottest 
renewable energy market you haven’t heard of. Can it spur a global 
boom?” Forbes, 15 October 2019, https://www.forbes.com/sites/
energyinnovation/2019/10/15/argentina-may-be-the-hottest-
renewable-energy-market-you-havent-heard-of-can-it-spur-a-
global-boom.

101 Reve, “Wind energy in Argentina: The largest wind farm begins 
to operate”, EV Wind, 26 September 2019, https://www.evwind.
es/2019/09/26/wind-energy-in-argentina-the-largest-wind-farm-
begins-to-operate/71068. It has been estimated that the project 
will generate some 987 GWh annually, from idem.

102 Lowest since 2011 based on data from GWEC, “Global Wind 
Statistics 2019”, op. cit. note 1, and from Windpower Intelligence, 
cited in Campbell, op. cit. note 5; break in auction schedule from 
Zhao, op. cit. note 7; Brazil added more wind (971 MW) than thermal 
(776 MW) power capacity in 2019, from reve, “75% of Brazil’s new 
power comes from hydroelectric, wind energy and solar power”, 
19 January 2020, https://www.evwind.es/2020/01/19/75-of-brazils-
new-power-comes-from-hydroelectric-wind-energy-and-solar-
power/73131. Note, however, that GWEC data provide a lower 
number for wind power additions in 2019, of 745 MW, from GWEC, 
op. cit. this note.

103 GWEC, Global Wind Report 2019, op. cit. note 1, p. 23. About 
70% has been sold for private PPAs compared with 30% for 
private auctions, from E. Feitosa, Eólica Tecnologia, Brazil, 
presentation for WWEA, “Webinar: Wind power markets around 
the world”, 16 April 2020, https://wwindea.org/blog/2020/04/08/
webinar-wind-power-markets-around-the-world. 

104 Brazil added 745 MW to end 2019 with 15,452.4 MW of wind power 
capacity, compared with a regional total (including Mexico) of 
29,223 MW, based on data from GWEC, “Global Wind Statistics 
2019”, op. cit. note 1. Brazil had a total of 15,418 GW of wind power 
capacity in place as of mid-December 2019, up from 14,704 MW 
at the end of 2018, from Associaҫão Brasileira de Energia Eólica 
(ABEEólica), Infowind Brazil (No. 14, 13 December 2019), http://
abeeolica.org.br/wp-content/uploads/2020/02/Infovento-14_
ENG.pdf. Brazil added a net of 855 MW in 2019, based on 
year-end capacity of 6,385 MW, from ONS, “Geração de energia 
– composição”, for period 1 January 2019 to 31 December 2019,  
http://www.ons.org.br/Paginas/resultados-da-operacao/

historico-da-operacao/geracao_energia.aspx; and on end-
2018 capacity of 5,530 MW, from ONS, “Geração de energia 
– composição”, for period 1 January 2018 to 31 December 2018, 
http://www.ons.org.br/Paginas/resultados-da-operacao/historico-
da-operacao/geracao_energia.aspx. Brazil added 971 MW in 2019, 
from reve, “75% of Brazil’s new power comes from hydroelectric, 
wind energy and solar power”, 19 January 2020, https://www.
evwind.es/2020/01/19/75-of-brazils-new-power-comes-from-
hydroelectric-wind-energy-and-solar-power/73131. 

105 Data for 2019 based on total annual generation of 593,591 GWh and 
annual wind energy generation of 55,932 GWh, and 2018 based on 
total annual generation of 581,923 GWh and annual wind energy 
generation of 48,443 GWh, all from ONS, “Geração de energia – 
composição”, for period 1 January 2019 to 31 December 2019, op. cit. 
note 104. 

106 Figures of 597 MW added and year-end total of 13,413 MW, from 
Canadian Wind Energy Association (CanWEA), “Installed capacity”, 
December 2019”, https://canwea.ca/wind-energy/installed-
capacity, viewed 5 March 2020. Canada added a modest 537 MW 
for total of about 13.5 GW, Campbell, op. cit. note 5.

107 CanWEA, “National”, https://canwea.ca/wind-energy/national, 
viewed 25 March 2020; drivers from P. McKay, CanWEA, cited 
in N. Hendley, “Windfall in wind energy?” Canadian Metal 
Working, 1 April 2020, https://www.canadianmetalworking.
com/canadianmetalworking/article/metalworking/
windfall-in-wind-energy. 

108 Ontario ended the year with 5,436 MW, followed by Quebec 
(3,882 MW) and Alberta (1,685 MW), from CanWEA, op. cit. note 106.

109 Zhao, op. cit. note 7.
110 Clean Energy Council, Clean Energy Australia Report 

2020 (Melbourne: 8 April 2020), pp. 78-82, https://assets.
cleanenergycouncil.org.au/documents/resources/reports/clean-
energy-australia/clean-energy-australia-report-2020.pdf.

111 Australia added 837.1 MW across eight projects for a total of 
6,279.4 MW, from Ibid., pp. 9, 78, 79, 82. Australia added 837 MW 
for a total of 6,199 MW, from GWEC, Global Wind Report 2019, op. 
cit. note 1, p. 44. 

112 Wind power generated 19.487 TWh in 2019, accounting for 8.5% 
of Australia’s total generation, followed (among renewables) by 
hydropower (14.166 TWh) and large-scale solar power (5.141 TWh), 
from Clean Energy Council, op. cit. note 110, pp. 6, 9, 79, 81. 

113 Based on data for South Australia (29.2%), Victoria (27.8%) and 
New South Wales (22.9%), from Green Energy Markets, cited in 
Clean Energy Council, op. cit. note 110, p. 80; shares in 2018 were 
South Australia (35%), Victoria (28%) and New South Wales (19%), 
from Clean Energy Council, op. cit. note 9, pp. 72-76.

114 Clean Energy Council, op. cit. note 110, pp. 4, 7. See also Solar PV 
section in this chapter for more on challenges in Australia, and 
S. Paul, “Australia’s solar, wind boom to power past grid woes in 
2019”, Reuters, 20 January 2019, https://www.reuters.com/article/
us-australia-renewables-idUSKCN1PE0V8. Australia is seeing an 
increasing number of large-scale projects (both wind and solar) 
that need connection to a 5,000-kilometre transmission line that 
was built to carry electricity from coal plants near three large 
mining areas, and not designed to carry electricity from variability 
and remote wind and solar projects. Delays in project approvals 
and grid connections are causing project delays and unanticipated 
costs for developers who fail to account for grid-related issues (e.g., 
congestion, curtailment), all from Paul, op. cit. this note.

115 Clean Energy Council, op. cit. note 110, p. 78.
116 Based on data from GWEC, “Global Wind Statistics 2019”, op. cit. note 1.
117 Figure of 2.6% from GWEC, “Over 60GW of wind energy 

capacity installed in 2019, the second-biggest year in history”, 
25 March 2020, https://gwec.net/gwec-over-60gw-of-wind-
energy-capacity-installed-in-2019-the-second-biggest-year-in-
history. An estimated 894 MW was added in 2019, from GWEC, 
“Africa and Middle East add 894MW of wind energy capacity 
in 2019, market expected to grow by over 10GW by 2024”, 
12 February 2020, https://gwec.net/africa-and-middle-east-add-
894mw-of-wind-energy-capacity-in-2019-market-expected-to-
grow-by-over-10gw-by-2024. All Africa added 300 MW and the 
Middle East added 109 MW, for total additions of 409 MW in 2019, 
bringing the year-end totals for 5,765 MW in Africa and 723 MW 
in the Middle East, for combined cumulative capacity of 6,488 
MW at end-2019, based on data from IRENA, op. cit. note 1.

118 Numbers of countries by region from Zhao, op. cit. note 7, and 
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https://www.energiaestrategica.com/exclusivo-los-pliegos-de-la-subasta-de-energias-renovables-que-lanzo-el-gobierno-de-ecuador
https://www.energiaestrategica.com/exclusivo-los-pliegos-de-la-subasta-de-energias-renovables-que-lanzo-el-gobierno-de-ecuador
http://www.olade.org/noticias/public-tenders-and-auctions-have-boosted-80-of-the-current-renewable-energy-capacity-in-latin-america-and-the-caribbean/?lang=en
http://www.olade.org/noticias/public-tenders-and-auctions-have-boosted-80-of-the-current-renewable-energy-capacity-in-latin-america-and-the-caribbean/?lang=en
http://www.olade.org/noticias/public-tenders-and-auctions-have-boosted-80-of-the-current-renewable-energy-capacity-in-latin-america-and-the-caribbean/?lang=en
https://elpais.com/economia/2020/02/26/actualidad/1582694040_481642.html
https://elpais.com/economia/2020/02/26/actualidad/1582694040_481642.html
https://heraldodemexico.com.mx/mer-k-2/sector-eolico-alerta-riesgo-en-empleos
https://heraldodemexico.com.mx/mer-k-2/sector-eolico-alerta-riesgo-en-empleos
https://www.forbes.com/sites/energyinnovation/2019/10/15/argentina-may-be-the-hottest-renewable-energy-market-you-havent-heard-of-can-it-spur-a-global-boom
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capacities based on data from GWEC, Global Wind Report 2019, 
op. cit. note 1, p. 44, and GWEC, “Global Wind Statistics 2019”, op. 
cit. note 1. Similar year-end capacities for these countries (2,094 
MW in South Africa, 1,220 MW in Morocco, and 1,375 MW in Egypt) 
from IRENA, op. cit. note 1. Capacity also was added during 2019 in 
Israel (89 MW for a total of 374 MW) and Iran (20 MW for a total of 
302 MW), with a total of 19 countries in Africa and 9 in the Middle 
East having wind capacity in operation (although many of the 
additional countries have fewer than 5 MW), all from idem.

119 GWEC, “Africa and Middle East add 894MW of wind energy 
capacity in 2019”, op. cit. note 117.

120 GWEC, “Global Wind Statistics 2019”, op. cit. note 1; GWEC, “Africa 
and Middle East add 894MW of wind energy capacity in 2019”, 
op. cit. note 117. All of Ethiopia’s new capacity was in the Aysha II 
Wind Farm project. Data were supplied by Chinese Dongfang to 
GWEC, from Zhao, op. cit. note 7. Egypt added 363 MW for a total of 
1,573 MW, from Campbell, op. cit. note 5. Note that several sources 
say the Lake Turkana wind project in Kenya commenced operations 
during 2019. See, for example, “Kenya launches largest wind power 
plant in Africa”, CNN Marketplace Africa, 20 July 2019, https://
edition.cnn.com/2019/07/20/africa/africas-largest-wind-farm-intl. 
However, the project was announced by Vestas (Denmark) in 2018, 
so was included in GWEC’s data for 2018, from Zhao, op. cit. note 7, 
and was reported as connected to the national grid as of December 
2018, from Lake Turkana Wind Power, “Lake Turkana wind power 
connected to the national grid”, 9 December 2018, https://ltwp.
co.ke/ltwp-connected-to-grid. As a result, the project was included 
as newly installed capacity in GSR 2019. Data also conflict for South 
Africa, probably due to differences in timing of reporting: the local 
wind energy association in South Africa reported to GWEC that 
no new capacity came online in 2019, from Zhao, op. cit. note 7, 
whereas the country added 120 MW in 2019, from Campbell, op. cit. 
note 5. Per IRENA, Africa added capacity during 2019 only in Egypt 
(250 MW) and Senegal (50 MW), from IRENA, op. cit. note 1.

121 R. Ranjan, “ENGIE Africa commissions Egypt’s largest wind farm”, 
Mercom India, 12 November 2019, https://mercomindia.com/
engie-africa-commissions-egypt-largest-wind-farm.

122 Egypt’s target from Campbell, op. cit. note 5; pipeline from 
K. Benhamou, Sahara Wind, presentation for WWEA, 
“Webinar: Wind power markets around the world”, 
16 April 2020, https://wwindea.org/blog/2020/04/08/
webinar-wind-power-markets-around-the-world. 

123 C. Richard, “First power from first West African wind farm”, 
Windpower Monthly, 12 December 2019, https://www.
windpowermonthly.com/article/1668654/first-power-first-west-
african-wind-farm; A. Frangoul, “West Africa’s first large-scale 
wind farm starts generating power”, CNBC Sustainable Energy, 
13 December 2019, https://www.cnbc.com/2019/12/13/west-
africas-first-large-scale-wind-farm-starts-generating-power.html; 
A. O. Diallo, “Sénégal: le plus grand parc éolien d’Afrique de l’Ouest 
prend forme à Taiba Ndiaye”, Jeune Afrique, 27 May 2019, https://
www.jeuneafrique.com/780416/economie/senegal-le-plus-grand-
parc-eolien-dafrique-de-louest-prend-forme-a-taiba-ndiaye. 

124 Jordan added 190 MW and Iran added 50 MW, from GWEC, “Africa 
and Middle East add 894MW of wind energy capacity in 2019”, op. 
cit. note 117.

125 “Oil giant Saudi Arabia set to build first wind-power plant”, 
Bloomberg, 26 July 2019, https://www.bloomberg.com/
professional/blog/oil-giant-saudi-arabia.

126 Ibid.
127 GWEC, Global Wind Report 2019, op. cit. note 1, p. 13, GWEC, 

“Record 6.1 GW of new offshore wind capacity installed globally 
in 2019”, 19 March 2019, https://gwec.net/record-6-1-gw-of-new-
offshore-wind-capacity-installed-globally-in-2019; Europe data 
also from WindEurope, op. cit. note 13, p. 10. Note that 16 new 
offshore windfarms went into operation (meaning all turbines in 
the project were installed and first electricity had been generated 
by end-2019) in six countries (China, United Kingdom, Germany, 
Denmark, Belgium and Chinese Taipei) for record annual additions 
of 5,194 GW in 2019, bringing total capacity to 27,213 MW, from 
World Forum Offshore Wind, Global Offshore Wind Report 2019 
(Hamburg: February 2020), pp. 3, 4, https://x6a3i7a8.stackpathcdn.
com/wp-content/uploads/2020/02/WFO_WindReport2019.pdf. 
This compares with 2018, when seven countries in Europe and two 
in Asia connected 4.5 GW (same capacity as in 2017), increasing 
cumulative global capacity by 24% to 23.1 GW, based on data from 
GWEC, op. cit. note 7. Note that offshore capacity increased by 

4,679 MW in 2019, to a total of 28,308 MW, based on data from 
IRENA, op. cit. note 1. 

128 Figure of less than 5% of capacity based on data from GWEC, 
“Global Wind Statistics 2019”, op. cit. note 1; figures of 10% of 
global installations in 2019, up from 5% in 2015, from GWEC, op. 
cit. note 127. Offshore accounted for 12% of commissioned wind 
power capacity in 2019, up from 8% in 2018, from C. Richard, 
“Vestas leads the pack with squeezed market share”, Windpower 
Monthly, 18 February 2020, https://www.windpowermonthly.
com/article/1674420/vestas-leads-pack-squeezed-market-share. 
Investment from C. Richard, “Offshore wind spending reaches 
record high in 2019”, Windpower Monthly, 16 January 2020,   
https://www.windpowermonthly.com/article/1671093/offshore-
wind-spending-reaches-record-high-2019; “Late surge in offshore 
wind financings helps 2019 renewables investment to overtake 
2018”, BloombergNEF, 16 January 2020, https://about.bnef.
com/blog/late-surge-in-offshore-wind-financings-helps-2019-
renewables-investment-to-overtake-2018.

129 GWEC, op. cit. note 127.
130 China completed 2,395 MW of capacity in 2019, from GWEC, op. 

cit. note 127; total of 6,838 MW, from GWEC, Global Wind Report 
2019, op. cit. note 1, pp. 44, 61. China completed nine projects for a 
total of 2,450 MW, from Campbell, op. cit. note 5. National target 
from GWEC, Global Wind Report 2019, op. cit. note 1, p. 61.

131 Record installations and policy drivers from GWEC, “Webcast 
on wind: Market update and outlook for global offshore wind”, 
19 March 2020; reductions in the FIT from L. Yuanyuan, “China 
drops electricity subsidy price for offshore wind power”, Renewable 
Energy World, 1 July 2019, https://www.renewableenergyworld.
com/articles/2019/07/china-drops-electricity-subsidy-price-for-
offshore-wind-power.html; take advantage before it expires from 
Richard, “Offshore wind spending reaches record high in 2019”, op. 
cit. note 128. 

132 GWEC, Global Wind Report 2019, op. cit. note 1, p. 61.
133 Ibid., p. 63. More than 40 GW of projects had been approved by 

national or provincial governments by year’s end, with half located 
in Guangdong, from idem, p. 62.

134 Commissioned 120 MW and 2025 target, from Campbell, op. cit. 
note 5; figure of 120 MW and first utility-scale offshore project from 
GWEC, op. cit. note 131; further 10 GW target from “Taiwan plans 
additional 10GW offshore”, reNEWS, 12 November 2019, https://
renews.biz/56366/taiwan-plans-additional-10gw-offshore, and 
from GWEC, “Market to watch: Taiwan offshore wind”, 16 January 
2020, https://gwec.net/market-to-watch-taiwan-offshore-wind. 

135 Japan’s 3 MW of floating capacity from GWEC, op. cit. note 127; 
Japan had 65.6 MW of offshore capacity including 19 MW of floating 
capacity in five turbines, from B. Backwell, GWEC, “Take offshore 
wind global”, presentation for Renewable Energy Institute, REvision 
– Webinar, 4 March 2020, Slide 16, https://www.renewable-ei.org/
pdfdownload/activities/11_BenBackwell.pdf; capacity in the pipeline 
(14 GW) from Japan Wind Power Association, “Total capacity of wind 
in Japan by end of 2019” (Japanese only), provided by H. Matsubara, 
Institute for Sustainable Energy Policies, personal communication 
with REN21, April 2020. Capacity in pipeline was 13 GW, from Japan’s 
Ministry of Economy, Trade and Industry, cited in O. Tsukimori, 
“With coal under fire, 2020 could be a big year for wind power in 
Japan”, Japan Times, 2 January 2020, https://www.japantimes.co.jp/
news/2020/01/02/business/wind-power-2020-japan. Getting 
through Japan’s environmental assessment process takes 4-5 years; 
as of January 2020, there was 14.8 GW of offshore wind capacity in 
the pipeline, from GWEC, Global Wind Report 2019, op. cit. note 1, p. 
64. Vietnam from GWEC, op. cit. note 131, and from GWEC, Global 
Wind Report 2019, op. cit. note 1, p. 50; India from GWEC, Global 
Offshore Wind Report 2019 (Brussels: 2019), p. 9.

136 Europe added 3,627 MW for total of 22,069 MW, and national data 
all from WindEurope, op. cit. note 13, pp. 8, 10. Up 36% based on 
2,661 MW added in 2018, from Komusanac, op. cit. note 12, and 
increase of 36.5% over 2018, from Zhao, op. cit. note 7. Europe 
added a gross capacity of 3,627 MW (3,623 MW net), and two 
turbines of 2 MW each were decommissioned in the United 
Kingdom, for a cumulative total of 22,072 MW offshore, from 
WindEurope, Offshore Wind in Europe: Key Trends and Statistics 
2019 (Brussels: February 2020), pp. 7, 8, https://windeurope.org/
wp-content/uploads/files/about-wind/statistics/WindEurope-
Annual-Offshore-Statistics-2019.pdf. 

137 WindEurope, op. cit. note 13, pp. 8, 10. Denmark’s 407 MW Horns 
Rev 3, completed in 2019, is reportedly the country’s largest wind 

70

https://edition.cnn.com/2019/07/20/africa/africas-largest-wind-farm-intl
https://edition.cnn.com/2019/07/20/africa/africas-largest-wind-farm-intl
https://ltwp.co.ke/ltwp-connected-to-grid
https://ltwp.co.ke/ltwp-connected-to-grid
https://mercomindia.com/engie-africa-commissions-egypt-largest-wind-farm
https://mercomindia.com/engie-africa-commissions-egypt-largest-wind-farm
https://wwindea.org/blog/2020/04/08/webinar-wind-power-markets-around-the-world
https://wwindea.org/blog/2020/04/08/webinar-wind-power-markets-around-the-world
https://www.windpowermonthly.com/article/1668654/first-power-first-west-african-wind-farm
https://www.windpowermonthly.com/article/1668654/first-power-first-west-african-wind-farm
https://www.windpowermonthly.com/article/1668654/first-power-first-west-african-wind-farm
https://www.cnbc.com/2019/12/13/west-africas-first-large-scale-wind-farm-starts-generating-power.html
https://www.cnbc.com/2019/12/13/west-africas-first-large-scale-wind-farm-starts-generating-power.html
https://www.jeuneafrique.com/780416/economie/senegal-le-plus-grand-parc-eolien-dafrique-de-louest-prend-forme-a-taiba-ndiaye
https://www.jeuneafrique.com/780416/economie/senegal-le-plus-grand-parc-eolien-dafrique-de-louest-prend-forme-a-taiba-ndiaye
https://www.jeuneafrique.com/780416/economie/senegal-le-plus-grand-parc-eolien-dafrique-de-louest-prend-forme-a-taiba-ndiaye
https://www.bloomberg.com/professional/blog/oil-giant-saudi-arabia
https://www.bloomberg.com/professional/blog/oil-giant-saudi-arabia
https://gwec.net/record-6-1-gw-of-new-offshore-wind-capacity-installed-globally-in-2019
https://gwec.net/record-6-1-gw-of-new-offshore-wind-capacity-installed-globally-in-2019
https://x6a3i7a8.stackpathcdn.com/wp-content/uploads/2020/02/WFO_WindReport2019.pdf
https://x6a3i7a8.stackpathcdn.com/wp-content/uploads/2020/02/WFO_WindReport2019.pdf
https://www.windpowermonthly.com/article/1674420/vestas-leads-pack-squeezed-market-share
https://www.windpowermonthly.com/article/1674420/vestas-leads-pack-squeezed-market-share
https://www.windpowermonthly.com/article/1671093/offshore-wind-spending-reaches-record-high-2019
https://www.windpowermonthly.com/article/1671093/offshore-wind-spending-reaches-record-high-2019
https://about.bnef.com/blog/late-surge-in-offshore-wind-financings-helps-2019-renewables-investment-to-overtake-2018
https://about.bnef.com/blog/late-surge-in-offshore-wind-financings-helps-2019-renewables-investment-to-overtake-2018
https://about.bnef.com/blog/late-surge-in-offshore-wind-financings-helps-2019-renewables-investment-to-overtake-2018
https://www.renewableenergyworld.com/articles/2019/07/china-drops-electricity-subsidy-price-for-offshore-wind-power.html
https://www.renewableenergyworld.com/articles/2019/07/china-drops-electricity-subsidy-price-for-offshore-wind-power.html
https://www.renewableenergyworld.com/articles/2019/07/china-drops-electricity-subsidy-price-for-offshore-wind-power.html
https://renews.biz/56366/taiwan-plans-additional-10gw-offshore
https://renews.biz/56366/taiwan-plans-additional-10gw-offshore
https://gwec.net/market-to-watch-taiwan-offshore-wind
https://www.renewable-ei.org/pdfdownload/activities/11_BenBackwell.pdf
https://www.renewable-ei.org/pdfdownload/activities/11_BenBackwell.pdf
https://www.japantimes.co.jp/news/2020/01/02/business/wind-power-2020-japan
https://www.japantimes.co.jp/news/2020/01/02/business/wind-power-2020-japan
https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Offshore-Statistics-2019.pdf
https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Offshore-Statistics-2019.pdf
https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Offshore-Statistics-2019.pdf
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farm and was expected to increase wind generation in Denmark by 
12%, from “Denmark opens country’s largest wind farm with royal 
inauguration”, Smart Energy International, 23 August 2019, https://
www.smart-energy.com/renewable-energy/denmark-opens-
countrys-largest-wind-farm-with-royal-inauguration, and from A. 
Frangoul, “Scandinavia’s biggest offshore wind farm is officially 
open”, CNBC, 23 August 2019, https://www.cnbc.com/2019/08/23/
scandinavias-biggest-offshore-wind-farm-is-officially-open.html.  

138 The United Kingdom added 1,764 MW for total of 9,945 GW, and 
about half of Europe’s total installations, all from WindEurope, op. 
cit. note 13, pp. 10, 12.

139 World’s largest (at 1,218 MW) from WindEurope, op. cit. note 13, 
p. 12; first to exceed 1 GW and farthest from shore (120 kilometres 
from the Yorkshire coast) from I. Shumkov, “Hornsea One begins 
commercial operations ahead of full completion”, Renewables Now, 
3 June 2019, https://renewablesnow.com/news/hornsea-one-
begins-commercial-operations-ahead-of-full-completion-656423. 

140 For first time from B. Radowitz, “Germany adds more new wind 
offshore than on land for first time”, Recharge, 23 January 2020, 
https://www.rechargenews.com/wind/germany-adds-more-
new-wind-offshore-than-on-land-for-first-time/2-1-743221; 
overachieved 2020 target, and approaching national cap of 
7.7 GW for that year from S. Knight, “Is Germany's offshore sector 
about to hit the buffers too?” Windpower Monthly, 23 January 
2020, https://www.windpowermonthly.com/article/1671820/
germanys-offshore-sector-hit-buffers-too.

141 Falling prices from EurObserv’ER, op. cit. note 26, p. 9. Increased 
targets and targeted capacity for 2030 from WindEurope, “Europe 
installs a record 3.6 GW of offshore wind in 2019”, press release 
(Brussels: 6 February 2020), https://windeurope.org/newsroom/
press-releases/europe-installs-a-record-3-6-gw-of-offshore-
wind-in-2019. For example, the United Kingdom increased its target 
to 40 GW by 2030 and Germany raised its target to 20 GW by 2030, 
from GWEC, op. cit. note 131. The United Kingdom also from J. 
Parnell, “The U.K. offshore wind industry wants annual tenders and 
faster permits to fulfill its role in delivering the country’s net-zero 
target”, GTM, 3 February 2020, https://www.greentechmedia.com/
articles/read/the-uks-offshore-wind-program-is-working-well-is-
it-time-for-an-overhaul. Germany’s previous target was for 15 GW 
by 2030, from EurObserv’ER, op. cit. this note. The Netherlands 
agreed on a climate deal in 2019 that foresees a total of 11.5 GW 
of wind power capacity in the North Sea, from A. Lee, “Vattenfall 
winds 760MW of Dutch zero-subsidy offshore wind”, Recharge, 
10 July 2019, https://www.rechargenews.com/wind/vattenfall-
wins-760mw-of-dutch-zero-subsidy-offshore-wind/2-1-636547. 

142 WindEurope, op. cit. note 136, p. 37.
143 Ibid., p. 36.
144 “Vattenfall and Wallenstam cancel major offshore wind park plan in 

Sweden”, Reuters, 21 October 2019, https://af.reuters.com/article/
commoditiesNews/idAFL5N2763XU.

145 Remained at 30 MW from GWEC, “Global Wind Statistics 
2019”, op. cit. note 1; procurement targets from GWEC Market 
Intelligence, cited in GWEC, op. cit. note 131. During the year, 
six east coast states announced 16.3 GW of new offshore 
wind power targets, during 2019, from C. Wanner, “Put it 
in the books: Final 2019 numbers show wind power on the 
rise”, 30 January 2020, AWEA, https://www.aweablog.org/
put-books-final-2019-numbers-show-wind-power-rise.

146 J. A. Dlouhy, “Why it’s so hard to build offshore wind power in the 
U.S.”, Bloomberg, 1 October 2019, https://www.bloomberg.com/
news/articles/2019-10-01/why-it-s-so-hard-to-build-offshore-
wind-farms-in-the-u-s. See also B. Storrow, “Interior delays finding 
on large offshore wind project”, E&E News, 9 August 2019, https://
www.eenews.net/stories/1060898805; N. Groom, “Exclusive: First 
big U.S. offshore wind project hits snag due to fishing-industry 
concerns”, Reuters, 29 July 2019, https://www.reuters.com/article/
us-usa-wind-fishing-exclusive/exclusive-first-big-u-s-offshore-
wind-project-hits-snag-due-to-fishing-industry-concerns-
idUSKCN1UO0EK; E. Knickmeyer and R. Ngowi, “Things are 
going quite well for Trump’s nemesis industry”, Associated Press, 
30 September 2019, https://www.mercurynews.com/2019/09/30/
things-are-going-quite-well-for-trumps-nemesis-industry; R. 
Davidson, “New schedule for delayed Vineyard site”, Windpower 
Monthly, 12 February 2020, https://www.windpowermonthly.com/
article/1673761/new-schedule-delayed-vineyard-site.

147 Storrow, op. cit. note 146; K.-E. Stromsta, “Two months later, 
Vineyard Wind’s delay still clouds US offshore picture”, GTM, 

23 October 2019, https://www.greentechmedia.com/articles/read/
vineyard-wind-delay-still-clouds-us-offshore-market.

148 Construction off Virginia coast from E. Ingram, “Dominion 
Energy begins construction on Coastal Virginia Offshore 
Wind project”, Renewable Energy World, 3 July 2019, https://
www.renewableenergyworld.com/articles/2019/07/dominion-
energy-begins-construction-on-coastal-virginia-offshore-
wind-project.html; an estimated 7,483 MW, 17% of the US 
total, was under construction or advanced development, 
from Wanner, op. cit. note 145; AWEA’s definition of advanced 
development from K.-E. Stromsta, “The hot new US wind 
market: Crowded east coast states”, GTM, 29 January 
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com/2019/10/23/colombias-first-solar-and-wind-power-auction-
brings-average-price-of-0-027-kwh. See also S. Djunisic, 
“Colombian renewables auction closes with 1,298 MW of wind, 
solar”, Renewables Now, 23 October 2019, https://renewablesnow.
com/news/colombian-renewables-auction-closes-with-1298-mw-
of-wind-solar-673555. 

171 Based on 15.4 GW (8.6 GW onshore and 6.8 GW offshore) reported 
less 1 GW onshore in Turkey, which the GSR does not include as 
part of Europe, from WindEurope, op. cit. note 13, pp. 8, 21.

172 WindEurope, op. cit. note 13, p. 21.
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in Lithuania, where a zero-subsidy bid won, or in Denmark, where 
a fixed feed-in premium was awarded at EUR 1.34 per MWh, but 
these are not comparable to other winning projects, from idem.

174 Bid prices based on data from WindEurope, op. cit. note 48, p. 21, 
and from WindEurope, op. cit. note 13, p. 21; five of six onshore 
auctions undersubscribed, from idem, p. 21; and Germany also 
from WindEurope, “Permitting issues behind yet another under-
subscribed German onshore wind auction round”, 9 August 2019, 
https://windeurope.org/newsroom/news/permitting-issues-
behind-yet-another-under-subscribed-german-onshore-wind-
auction-round, and from WWEA and LEE NRW, op. cit. note 62. 
Awarded bid prices fell significantly in first year of auctions in 
Germany, but increased in 2018 and 2019, to above the statutory 
tariffs of the old EEG, or Germany’s FIT, from idem, pp. 7, 11, and 
from Gsänger, op. cit. note 166.

175 Auctions in France, the Netherlands and the United Kingdom from 
WindEurope, op. cit. note 13, p. 21; prices continued to fall, from 
GWEC, Global Wind Report 2019, op. cit. note 1, p. 38. Offshore 
wind is already cost-competitive in Europe, with a levelised cost 
of electricity in Northwest Europe below the averages for natural 
gas, coal and nuclear power, from S. H. Buhl, Ørsted, “Global 
offshore wind growth and Japan outlook”, presentation for 
Renewable Energy Institute, REvision – Webinar, 4 March 2020, 
slide 9, https://www.renewable-ei.org/pdfdownload/activities/13_
SebastianHaldBuhl.pdf. France held a tender in June (Dunkirk) that 
resulted in 44 EUR per MWh, from GWEC, op. cit. note 135, p. 31.

176 The United Kingdom awarded 5.5 GW at price of EUR 43.8-46 per 
MWh, from WindEurope, op. cit. note 13, p. 21; Chapman, op. cit. 
note 9. According to the UK BEIS, prices for the third round fell by 
around 30% compared to the second round, held in 2017, and have 
fallen by as much as 66% compared to the first round, held in 2015. 
The lowest price awarded – GBP 39.65 per MWh (in 2012 prices) – 
was awarded for several different projects, all from BEIS, cited in  
J. S. Hill, "UK offshore wind prices reach new record low in 
latest CfD auction", CleanTechnica, 23 September 2019, https://
cleantechnica.com/2019/09/23/uk-offshore-wind-prices-reach-
new-record-low-in-latest-cfd-auction. The UK’s CfD3 resulted in 
record low price of GBP 39.65 per MWh for delivery years 2023-24 
and GBP 41.611 per MWh for 2024-25 (in 2012 prices), from S. 
Virley, “Blown away, CfD Round 3 delivers record low price for 
offshore wind”, KPMG, 20 September 2019, https://home.kpmg/
uk/en/home/insights/2019/09/contract-for-difference-subsidiary-
auction.html.

177 GWEC, Global Wind Report 2019, op. cit. note 1, p. 38; A. Lee, 
“Vattenfall wins 760MW of Dutch zero-subsidy offshore wind”, 
Recharge, 10 July 2019, https://www.rechargenews.com/
wind/vattenfall-wins-760mw-of-dutch-zero-subsidy-offshore-
wind/2-1-636547. The first such tender was held in 2018, from 
WindEurope, “World’s first offshore wind farm without subsidies 
to be built in the Netherlands”, press release (Brussels: 20 March 
2018), https://windeurope.org/newsroom/press-releases/worlds-
first-offshore-wind-farm-without-subsidies-to-be-built-in-the-
netherlands. 

178 B. Lillian, “Report: Wind PPA prices are on the rise”, North 
American Wind Power, 17 October 2019, https://nawindpower.com/
report-wind-ppa-prices-are-on-the-rise; E. Holbrook, “Majority 
of wind developers feel PPA prices will stay the same in 2020: 
Report”, Environmental Leader, 22 January 2020, https://www.
environmentalleader.com/2020/01/majority-of-wind-developers-
feel-ppa-prices-will-stay-the-same-in-2020-report; LevelTen 
Energy, “LevelTen Q4 2019 PPA Price Index reveals increasing 
wind, decreasing solar PPA offer prices”, 22 January 2020, https://
leveltenenergy.com/blog/ppa-price-index/q4-2019; historic 
lows in 2018, PTC phase-out and tariffs, from AWEA, personal 
communication with REN21, 8 May 2020. 

179 C. Richard, “Trade wars hit Vestas’ profit margin in ‘busy 
2019’”, Windpower Monthly, 5 February 2020, https://www.
windpowermonthly.com/article/1673055/trade-wars-hit-vestas-
profit-margin-busy-2019; United States is the most important 
market for Vestas and cascading effect, from K.-E. Stromsta, 
“Vestas profit falls as trade tariffs bite wind supply chain”, GTM, 
15 August 2019, https://www.greentechmedia.com/articles/read/
vestas-profit-falls-as-trade-tariffs-bite-wind-supply-chain. 

180 Figure of 90% from B. Lillian, “Report: Wind PPA prices are on 
the rise”, North American Wind Power, 17 October 2019, https://
nawindpower.com/report-wind-ppa-prices-are-on-the-rise; steel 
makes up 71-79% and aluminum 0-2%, from US Geological Survey, 
“What materials are used to make wind turbines?” https://www.
usgs.gov/faqs/what-materials-are-used-make-wind-turbines, 
viewed 24 March 2020; permanent magnets from R. Davidson, 
“China trade deal no help for rising US wind costs”, Windpower 
Monthly, 20 January 2020, https://www.windpowermonthly.com/
article/1671264/china-trade-deal-no-help-rising-us-wind-costs; 
pressure on supply chain from B. Backwell, CEO of GWEC, cited 
in GWEC, op. cit. note 78; R. Davidson, “China trade deal no help 
for rising US wind costs”, Windpower Monthly, 20 January 2020, 
https://www.windpowermonthly.com/article/1671264/china-trade-
deal-no-help-rising-us-wind-costs. For more on tariffs on steel and 
aluminium, and impacts on the US wind industry, see J. Jackson, 
“How to develop the US offshore wind supply chain”, Maritime 
Executive, 10 March 2020, https://maritime-executive.com/
features/how-to-develop-the-us-offshore-wind-supply-chain-1.

181 R. Davidson, “China trade deal no help for rising US 
wind costs”, Windpower Monthly, 20 January 2020, 
https://www.windpowermonthly.com/article/1671264/
china-trade-deal-no-help-rising-us-wind-costs.

182 Other countries have introduced, from “Trade barriers ‘hitting wind 
industry’”, reNEWS, 21 October 2019, https://renews.biz/55928/
trade-barriers-hitting-wind-industry; impacts on wind industry 
from Vestas senior vice president Morten Dyrholm, cited in idem. 

183 GWEC, Global Wind Report 2019, op. cit. note 1, p. 11. 
184 Ibid., p. 11; “Wind margin pressures shift from turbines 

to service market”, New Energy Update, 7 March 2019, 
http://www.newenergyupdate.com/wind-energy-update/
wind-margin-pressures-shift-turbines-service-market.  

185 Windtech International, “A dangerous trend is challenging the 
success of wind power around the globe: Concentration and 
monopolisation”, 4 February 2020, https://www.windtech-
international.com/view-from-inside/a-dangerous-trend-is-
challenging-the-success-of-wind-power-around-the-globe-
concentration-and-monopolisation. Low and zero-subsidy bids 
have largely reduced the number of industry players, favouring 
larger companies, from IRENA, op. cit. note 37; number and 
diversity from Gsänger, op. cit. note 166, and from WWEA and LEE 
NRW, op. cit. note 62; K. E. Stromsta, “WoodMac: ‘Final wave’ of 
consolidation hits onshore wind as market approaches maturity”, 
GTM, 5 February 2020, https://www.greentechmedia.com/articles/
read/woodmac-wind. Also see J. Hossain, WWEA & R. Kannan, 
OGPL, “Experience with auctions in India”, from WWEA, “Webinar: 
Wind power and renewable energy policies: What is best to reach 
100% RE”, 14 May 2020, https://wwindea.org/blog/2020/05/07/
wweawebinar-wind-power-and-renewable-energy-policies-what-
is-best-to-reach-100-re-14-may. 

186 Zhao, op. cit. note 7, 15 May 2020; figure of more than 100 suppliers 
from GWEC, Global Wind Report, op. cit. note 1, p. 18.

187 Figure of 85.5% share from Zhao, op. cit. note 7, 15 May 2020, 
and from GWEC, Global Wind Market Development – Supply 
Side Data 2019 (Brussels: May 2020); data for 2018 from GWEC 
Market Intelligence, op. cit. note 164, p. 3; 80% for 2017 from FTI 
Consulting, Global Wind Market Update – Demand & Supply 
2017, Part One – Supply Side Analysis (London: April 2018), pp. 
6, 10, 11, https://fti-intelligenceresearch.com/gwmu2017-supply-
side-analysis, viewed April 2018; 75% in 2016 based on data 
from FTI Consulting, Global Wind Market Update – Demand & 
Supply 2016, Part One – Supply Side Analysis (London: 2017), 
p. 10, https://fti-intelligenceresearch.com/global-wind-market-
update-2016-supply-side-analysis. The market share of the top 
10 manufacturers increased from 70% in 2015 to 85% in 2018, 
from BloombergNEF, cited in “Wind margin pressures shift from 
turbines to service market”, New Energy Update, 7 March 2019, 
http://www.newenergyupdate.com/wind-energy-update/wind-
margin-pressures-shift-turbines-service-market. The number of 
wind turbine manufacturers declined from around 100 a few years 
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ago, from Zhao, op. cit. note 7, May 2019, and from GWEC, Global 
Wind Report 2019, op. cit. note 1, p. 18; and declined from 200 a few 
years ago to 37 in 2018, according to Intelstor, a market intelligence 
platform for renewable energy, in its report Global Wind Energy 
Innovation Trend – 2019, cited in EurObserv’ER, op. cit. note 26, p. 11. 

188 BloombergNEF, “Vestas still rules turbine market, but challengers 
are closing in”, 18 February 2020, https://about.bnef.com/blog/
vestas-still-rules-turbine-market-but-challengers-are-closing-in; 
GWEC, op. cit. note 187; Richard, “Vestas leads the pack with 
squeezed market share”, op. cit. note 128. The top five (Vestas, 
Siemens Gamesa, Goldwind, GE Renewable Energy and China’s 
Envision), accounted for two-thirds of new global installations 
in 2019, from S. Campbell, “Vestas holds first as leading OEM as 
China challenges for top spots”, Windpower Monthly, 1 April 2020, 
https://www.windpowermonthly.com/article/1678247/vestas-
holds-firm-leading-oem-china-challenges-top-spots; and the 
top five were Vestas, Siemens Gamesa, GE, Goldwind and 
Envision, from Wood Mackenzie, cited in “Vestas ‘tops 2019 
turbine charts’”, ReNEWS, 11 May 2020, https://renews.biz/60186/
vestas-tops-2019-turbine-charts.  

189 GWEC, op. cit. note 187; BloombergNEF, op. cit. note 188; Richard, 
“Vestas leads the pack with squeezed market share”, op. cit. note 
128; GE and Goldwind specifics from Campbell, op. cit. note 188. 

190 GWEC, op. cit. note 187; BloombergNEF, op. cit. note 188.
191 GWEC, op. cit. note 187, and Zhao, GWEC, personal communication 

with REN21, 18 May 2020. Nordex-Acciona took the eighth spot, 
and the remaining companies among the top 10 (all Chinese – Ming 
Yang, Windey, Shanghai Electric and CSIC) moved up in ranking 
thanks to a strong domestic market, from BloombergNEF, op. cit. 
note 188, and from Richard, “Vestas leads the pack with squeezed 
market share”, op. cit. note 128.  

192 Top 10 in 2017 based on data from FTI Consulting, Global Wind 
Market Update – Demand & Supply 2017, Part One – Supply Side 
Analysis, op. cit. note 187, pp. 6, 10, 11. Declining home markets 
from, for example, BloombergNEF, op. cit. note 188; Richard, 
“Vestas leads the pack with squeezed market share”, op. cit. note 
128; Weston, op. cit. note 62. Enercon’s installations in 2019 were 
mostly outside of Germany, and the company, which used to be 
the largest supplier in Germany, lost market share domestically to 
Vestas and Siemens Gamesa, from GWEC, op. cit. note 187, and 
Zhao, op. cit. note 7, 18 May 2020.

193 S. Knight, “Enercon troubled by second year of losses”, Windpower 
Monthly, 28 January 2020, https://www.windpowermonthly.
com/article/1672237/enercon-troubled-second-year-losses; 
S. Knight, “Enercon braced for change following dramatic 
German collapse”, Windpower Monthly, 12 April 2019, https://
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com/wind/second-chinese-oem-unveils-10mw-offshore-wind-
turbine/2-1-695389; B. Radowitz, “Cost drops to ‘open space’ in 
Chinese offshore wind for global firms”, Recharge, 15 November 
2019, https://www.rechargenews.com/wind/1877663/cost-drops-
to-open-space-in-chinese-offshore-wind-for-global-firms; Y. Yu, 
“China’s Dongfang poised to launch 10MW offshore wind turbine”, 
Recharge, 22 August 2019, https://www.rechargenews.com/
wind/chinas-dongfang-poised-to-launch-10mw-offshore-wind-
turbine/2-1-659264. Dongfang released a prototype and CSIC 
unveiled only a plan, from Zhao, op. cit. note 7.
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articles/read/ge-wins-lands-first-big-deals-for-12mw-offshore-
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Mitigating the challenges of ever-growing wind turbines”, North 
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234 SeaTwirl, “SeaTwirl launches EU project”, press release 
(Gothenberg, Sweden: 2 September 2019), https://seatwirl.com/
news/seatwirl-launches-eu-project. 

76

https://www.renewablesnow.com/news/ges-haliade-x-generates-record-breaking-288-mwh-in-24-hours-686457
https://www.renewablesnow.com/news/ges-haliade-x-generates-record-breaking-288-mwh-in-24-hours-686457
https://nawindpower.com/lm-wind-claims-worlds-longest-turbine-blade
https://nawindpower.com/lm-wind-claims-worlds-longest-turbine-blade
https://www.bluebulbprojects.com/measureofthings/results.php?comp=distance&unit=m&amt=100&sort=pr&p=1
https://www.bluebulbprojects.com/measureofthings/results.php?comp=distance&unit=m&amt=100&sort=pr&p=1
https://www.rechargenews.com/wind/offshore-wind-turbine-20mw-generator-ready-within-three-years/2-1-711845
https://www.rechargenews.com/wind/offshore-wind-turbine-20mw-generator-ready-within-three-years/2-1-711845
https://www.rechargenews.com/wind/offshore-wind-turbine-20mw-generator-ready-within-three-years/2-1-711845
https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Statistics-2017.pdf
https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Statistics-2017.pdf
https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Statistics-2017.pdf
https://www.windpowermonthly.com/article/1666881/windeurope-offshore-2019-sgre-flexes-offshore-turbine-11mw
https://www.windpowermonthly.com/article/1666881/windeurope-offshore-2019-sgre-flexes-offshore-turbine-11mw
https://www.windpowermonthly.com/article/1666881/windeurope-offshore-2019-sgre-flexes-offshore-turbine-11mw
https://www.rechargenews.com/wind/siemens-gamesas-1-000th-offshore-wind-turbine-up-as-10mw-era-dawns/2-1-719148
https://www.rechargenews.com/wind/siemens-gamesas-1-000th-offshore-wind-turbine-up-as-10mw-era-dawns/2-1-719148
https://www.greentechmedia.com/articles/read/ge-wins-lands-first-big-deals-for-12mw-offshore-wind-turbine
https://www.greentechmedia.com/articles/read/ge-wins-lands-first-big-deals-for-12mw-offshore-wind-turbine
https://www.greentechmedia.com/articles/read/ge-wins-lands-first-big-deals-for-12mw-offshore-wind-turbine
https://www.forbes.com/sites/mikescott/2019/10/04/ges-offshore-giants-set-to-take-centre-stage-in-power-markets
https://www.forbes.com/sites/mikescott/2019/10/04/ges-offshore-giants-set-to-take-centre-stage-in-power-markets
http://theswitch.com/2018/02/28/offshore-wind-big-beautiful
http://theswitch.com/2018/02/28/offshore-wind-big-beautiful
http://www.newenergyupdate.com/wind-energy-update/offshore-wind-operators-use-scale-analytics-cut-vessel-trips
http://www.newenergyupdate.com/wind-energy-update/offshore-wind-operators-use-scale-analytics-cut-vessel-trips
http://www.newenergyupdate.com/wind-energy-update/offshore-wind-operators-use-scale-analytics-cut-vessel-trips
https://www.genewsroom.com/press-releases/ges-largest-onshore-wind-turbine-prototype-installed-and-operating-netherlands
https://www.genewsroom.com/press-releases/ges-largest-onshore-wind-turbine-prototype-installed-and-operating-netherlands
https://www.genewsroom.com/press-releases/ges-largest-onshore-wind-turbine-prototype-installed-and-operating-netherlands
http://www.newenergyupdate.com/wind-energy-update/us-wind-suppliers-transport-grab-bottleneck-looms
http://www.newenergyupdate.com/wind-energy-update/us-wind-suppliers-transport-grab-bottleneck-looms
http://www.newenergyupdate.com/wind-energy-update/us-wind-suppliers-transport-grab-bottleneck-looms
https://www.renewableenergyworld.com/2019/10/09/ge-scores-132-5-mw-onshore-wind-win-in-brazil-with-edf
https://www.renewableenergyworld.com/2019/10/09/ge-scores-132-5-mw-onshore-wind-win-in-brazil-with-edf
https://www.renewableenergyworld.com/2019/10/09/ge-scores-132-5-mw-onshore-wind-win-in-brazil-with-edf
https://nawindpower.com/study-mitigating-the-challenges-of-ever-growing-wind-turbines
https://nawindpower.com/study-mitigating-the-challenges-of-ever-growing-wind-turbines
https://www.windpowermonthly.com/article/1580016/vestas-unveils-drone-technology-partnership-aid-blade-installation
https://www.windpowermonthly.com/article/1580016/vestas-unveils-drone-technology-partnership-aid-blade-installation
https://www.windpowermonthly.com/article/1580016/vestas-unveils-drone-technology-partnership-aid-blade-installation
https://www.windpowermonthly.com/article/1671982/using-drones-offshore-spare-parts-delivery
https://www.windpowermonthly.com/article/1671982/using-drones-offshore-spare-parts-delivery
http://www.newenergyupdate.com/wind-energy-update/offshore-wind-leaders-expand-land-sea-hubs-future-proof-operations
http://www.newenergyupdate.com/wind-energy-update/offshore-wind-leaders-expand-land-sea-hubs-future-proof-operations
http://www.newenergyupdate.com/wind-energy-update/offshore-wind-leaders-expand-land-sea-hubs-future-proof-operations
https://qz.com/1650433/hywind-scotland-makes-floating-wind-farms-a-serious-business
https://qz.com/1650433/hywind-scotland-makes-floating-wind-farms-a-serious-business
https://windeurope.org/wp-content/uploads/files/about-wind/reports/Floating-offshore-statement.pdf
https://windeurope.org/wp-content/uploads/files/about-wind/reports/Floating-offshore-statement.pdf
https://windeurope.org/wp-content/uploads/files/about-wind/reports/Floating-offshore-statement.pdf
https://www.statoil.com/en/news/15feb2018-world-class-performance.html
https://www.statoil.com/en/news/15feb2018-world-class-performance.html
https://gwec.net/the-growth-of-the-global-offshore-wind-market-will-be-driven-by-asia
https://gwec.net/the-growth-of-the-global-offshore-wind-market-will-be-driven-by-asia
http://flotantproject.eu/overview/shedule
http://flotantproject.eu/overview/objectives
http://flotantproject.eu/overview/objectives
https://www.renewableenergyworld.com/2020/01/03/edp-reports-first-windfloat-atlantic-wind-turbine-connected-to-grid
https://www.renewableenergyworld.com/2020/01/03/edp-reports-first-windfloat-atlantic-wind-turbine-connected-to-grid
https://www.edpr.com/en/news/2019/10/21/windfloat-atlantic-begins-installation-first-floating-wind-farm
https://www.edpr.com/en/news/2019/10/21/windfloat-atlantic-begins-installation-first-floating-wind-farm
https://www.edpr.com/en/news/2019/10/21/windfloat-atlantic-begins-installation-first-floating-wind-farm
https://news.innogy.com/shell-innogy-and-stiesdal-offshore-technologies-to-build-new-floating-wind-demonstration-project#
https://news.innogy.com/shell-innogy-and-stiesdal-offshore-technologies-to-build-new-floating-wind-demonstration-project#
https://news.innogy.com/shell-innogy-and-stiesdal-offshore-technologies-to-build-new-floating-wind-demonstration-project#
https://www.stiesdal.com/material/2019/02/Stiesdal-Tetra-01.02.19.pdf
https://www.stiesdal.com/material/2019/02/Stiesdal-Tetra-01.02.19.pdf
https://www.modernpowersystems.com/features/featurewhatever-became-of-the-vertical-axis-wind-turbine-7183833
https://www.modernpowersystems.com/features/featurewhatever-became-of-the-vertical-axis-wind-turbine-7183833
https://www.modernpowersystems.com/features/featurewhatever-became-of-the-vertical-axis-wind-turbine-7183833
https://dredgingandports.com/news/2019/vertical-axis-turbines-could-change-floating-offshore-market
https://dredgingandports.com/news/2019/vertical-axis-turbines-could-change-floating-offshore-market
https://seatwirl.com/news/seatwirl-is-granted-a-chinese-patent-on-divisible-wind-turbine
https://seatwirl.com/news/seatwirl-is-granted-a-chinese-patent-on-divisible-wind-turbine
https://seatwirl.com/news/seatwirl-is-granted-a-european-patent
https://seatwirl.com/news/seatwirl-is-granted-a-european-patent
https://seatwirl.com/news/seatwirl-to-be-granted-patent-in-the-usa
https://seatwirl.com/news/seatwirl-to-be-granted-patent-in-the-usa
https://seatwirl.com/news/seatwirl-launches-eu-project
https://seatwirl.com/news/seatwirl-launches-eu-project


03

EN
DN

OT
ES

 I 
M

AR
KE

T  
AN

D 
IN

DU
ST

RY
 TR

EN
DS

ENDNOTES · MARKET AND INDUSTRY TRENDS · WIND POWER

235 J. Deign, “Floating offshore wind holds promise for vertical-axis 
turbines”, GTM, 10 May 2019, https://www.greentechmedia.com/
articles/read/floating-offshore-wind-holds-promise-for-vertical-
axis-turbines; Sandia National Laboratories, “Offshore wind”, 
https://energy.sandia.gov/programs/renewable-energy/wind-
power/offshore-wind/#float-vawt, viewed 22 March 2020; M. Fowler, 
D. Bull and A. Goupee, A Comparison of Platform Options for 
Deep-water Floating Offshore Vertical Axis Wind Turbines: An Initial 
Study (Albuquerque, NM: Sandia National Laboratories, 2014),  
https://prod-ng.sandia.gov/techlib-noauth/access-control.
cgi/2014/1416800.pdf; US DOE, EERE, “Offshore floating vertical-
axis wind turbine project identifies promising platform design”,  
17 October 2017, https://www.energy.gov/eere/wind/articles/offshore-
floating-vertical-axis-wind-turbine-project-identifies-promising.  

236 P. Fairley, “Europe stores electricity in gas pipes”, Scientific 
American, 1 April 2019, https://www.scientificamerican.com/
article/europe-stores-electricity-in-gas-pipes. See also D. Thomas, 
“Hydrogen production from offshore wind power”, presentation 
for MHI Vestas Thought Leaders Forum, WindEurope Exhibition, 
Bilbao, Spain, 2 April 2019, https://windeurope.org/confex2019/
wp-content/uploads/files/networking/tlf/day-1/13.30-14.00-
Denis-Thomas-Hydrogenics.pdf; C. Richard, “Offshore wind-to-
hydrogen plant plans revealed”, Windpower Monthly, 27 January 
2020, https://www.windpowermonthly.com/article/1672014/
offshore-wind-to-hydrogen-plant-plans-revealed.  

237 “Shell aims to be world’s largest power company; Orsted 
bundles hydrogen sales into offshore bid”, New Energy Update, 
20 March 2019, http://newenergyupdate.com/wind-energy-
update/shell-aims-be-worlds-largest-power-company-orsted-
bundles-hydrogen-sales-offshore; B. Bedeschi, “Offshore wind 
hydrogen could be subsidy-free within 10 years”, New Energy 
Update, 1 May 2019, https://analysis.newenergyupdate.com/
wind-energy-update/offshore-wind-hydrogen-could-be-subsidy-
free-within-10-years; Ørsted, “Ørsted and partners secure funding 
for renewable hydrogen project”, press release (Fredericia, 
Denmark: 20 December 2019), https://orsted.com/en/media/
newsroom/news/2019/12/945369984118407. 

238 Siemens in Australia from J. Deign, “10 countries moving toward 
a green hydrogen economy”, GTM, 14 October 2019, https://
www.greentechmedia.com/articles/read/10-countries-moving-
towards-a-green-hydrogen-economy; Siemens with Shell and 
TenneT from Bedeschi, op. cit. note 237. For more on Shell, see 
also “Shell consortium eyes 10GW offshore wind-hydrogen 
giant”, reNEWS, 27 February 2020, https://renews.biz/58847/
dutch-unveil-green-hydrogen-offshore-wind-mega-project. 

239 GWEC, op. cit. note 131. See also Equinor, “The future of offshore 
wind is afloat”, 20 March 2020, https://www.equinor.com/en/
what-we-do/floating-wind.html; Equinor, “Floating offshore 
wind project in South Korea“, 11 July 2019, https://www.equinor.
com/en/news/2019-07-11-floating-offshore-wind-project-in-
south-korea.html; J. Parnell, “Equinor: Floating wind farms a 
natural fit for oil and gas companies”, 6 February 2020, https://
www.greentechmedia.com/articles/read/floating-wind-is-
cutting-costs-faster-than-regular-offshore-wind; B. Magill, “Oil 
industry eyed as catalyst for floating offshore wind”, Bloomberg 
Environment, 13 June 2019, https://news.bloombergenvironment.
com/environment-and-energy/oil-industry-eyed-as-catalyst-for-
floating-offshore-wind; “Aker Solutions brings its oil and gas skills 
into offshore floating wind”, Offshore Energy Today, 7 February 
2018, https://www.offshoreenergytoday.com/aker-solutions-
brings-its-oil-and-gas-skills-into-offshore-floating-wind; L. Gilpin, 
“Oil giants see a future in offshore wind power. Their suppliers 
are investing, too”, Inside Climate News, 11 January 2018, https://
insideclimatenews.org/news/11012018/offshore-wind-turbines-
oil-gas-industry-renewable-energy-investment-shell-statoil-
block-island. 

240 Saipem from J. Deign, “Revealed: Saipem’s floating offshore 
wind bet”, GTM, 3 April 2019, https://www.greentechmedia.
com/articles/read/revealed-saipems-floating-offshore-
wind-platform-bet; ExxonMobil from Magill, op. cit. note 239; 
Chinese market from D. Weston, “Equinor enters Chinese 
offshore wind”, Windpower Monthly, 25 September 2019, 
https://www.windpoweroffshore.com/article/1660579/
equinor-enters-chinese-offshore-wind; construct by 2022 and 
reduce costs from “Equinor cuts floating wind costs by 40% 
in design revamp”, New Energy Update, 4 December 2019, 
https://analysis.newenergyupdate.com/wind-energy-update/
equinor-cuts-floating-wind-costs-40-design-revamp. 

241 GWEC, Global Wind Report 2019, op. cit. note 1, p. 60; S. 
Sawyer, “Global wind energy insight: Offshore breakthrough”, 
Renewable Energy World, 21 June 2017, http://www.
renewableenergyworld.com/ugc/articles/2017/06/20/
offshore-breakthrough.html; R. Shrestha, “Elemental forces 
at play in APAC wind and solar markets”, Wood Mackenzie, 
26 October 2018, https://www.woodmac.com/news/
editorial/understanding-forces-in-asia-pacific-wind-and-
solar-markets; N. Ford, “Orsted deal with US utility sets up 
offshore growth surge”, New Energy Update, 20 February 2019, 
http://www.newenergyupdate.com/wind-energy-update/
orsted-deal-us-utility-sets-offshore-growth-surge.

242 GWEC, op. cit. note 135, p. 9. 
243 S. Dutta, “India and Denmark to work together in the offshore wind 

sector”, Mercom India, 16 April 2019, https://mercomindia.com/
india-and-denmark-offshore-wind-sector; “Turkey, Denmark work 
closely on offshore wind growth”, Daily Sabah, 13 November 2019, 
https://www.dailysabah.com/energy/2019/11/13/turkey-
denmark-work-closely-on-offshore-wind-growth; Power 
Insider, “Denmark to assist Vietnam with offshore wind”, press 
release, 16 October 2019, https://www.pimagazine-asia.com/
denmark-to-assist-vietnam-with-offshore-wind.

244 GWEC, op. cit. note 135, p. 11. For more on the US offshore 
supply chain, see, for example, J. Jackson, “How to develop 
the US offshore wind supply chain”, Maritime Executive, 
10 March 2020, https://maritime-executive.com/features/
how-to-develop-the-us-offshore-wind-supply-chain-1. 

245 Partnering with European developers from “Orsted deal with 
US utility sets up offshore growth surge”, New Energy Update, 
20 February 2019, http://www.newenergyupdate.com/wind-
energy-update/orsted-deal-us-utility-sets-offshore-growth-
surge; C. Papavizas, “Forming joint ventures to construct US 
offshore wind farms”, Renewable Energy World, 21 March 
2019, https://www.renewableenergyworld.com/2019/03/21/
forming-joint-ventures-to-construct-us-offshore-wind-farms; D. 
Weston, “US offshore wind: Pipeline or pipe dream?” Windpower 
Monthly, 22 October 2019, https://www.windpowermonthly.
com/article/1663260/us-offshore-wind-pipeline-pipe-dream; for 
example, in 2019, Denmark’s Ørsted and a German steelmaker 
reached an agreement to establish a facility in New Jersey to finish 
turbine foundation, from K. Moore, “Offshore wind developers 
building Northeast supply chain”, WorkBoat, 26 September 2019, 
https://www.workboat.com/news/offshore/offshore-wind-
developers-building-northeast-supply-chain. In early 2020, 
Ørsted and utility Eversource announced an agreement to 
establish an industry hub in New London, Connecticut, from K.-E. 
Stromsta, “Vineyard Wind’s timeline slips as Trump administration 
further delays permits”, GTM, 11 February 2020, https://www.
greentechmedia.com/articles/read/vineyard-winds-timeline-
slips-as-trump-administration-further-delays-permits. Also in 
2019, the site of a former coal-fired power plant in Massachusetts 
was being redeveloped for offshore turbine assembly, from S. 
Mizes-Tan, “Former coal powerplant Brayton Point to make 
way for renewable energy”, WCAI, 23 April 2019, https://www.
capeandislands.org/post/former-coal-powerplant-brayton-point-
make-way-renewable-energy. Working with agencies and others 
to address impacts from B. Lillian, “Equinor Wind US joins effort to 
protect whales In New York bight”, North American Wind Power, 
9 April 2019, https://nawindpower.com/equinor-wind-us-joins-
effort-to-protect-whales-in-new-york-bight; B. Lillian, “Responsible 
offshore science alliance launches”, North American Wind Power, 
8 April 2019, https://nawindpower.com/responsible-offshore-
science-alliance-launches; “Major developers bid to build offshore 
wind farm for Connecticut”, Renewable Energy World, 1 October 
2019, https://www.renewableenergyworld.com/2019/10/01/
major-developers-bid-to-build-offshore-wind-farm-for-connecticut.

246 See other endnotes for this paragraph.
247 See, for example, CanWEA, “Decommissioning/

Repowering a wind farm”, https://canwea.ca/communities/
decommissioningrepowering-wind-farm, viewed 9 May 
2020; GE Renewable Energy, “Upgrades and refurbishment 
for your onshore wind assets: repowering and life extension 
for older onshore wind turbines”, https://www.ge.com/
renewableenergy/wind-energy/onshore-wind/services/
upgrades-refurbishment, viewed 9 May 2020; K. Centera, “Six 
factors to consider before repowering a wind site”, Windpower 
Engineering & Development, 25 February 2019, https://
www.windpowerengineering.com/business-news-projects/

77

https://www.greentechmedia.com/articles/read/floating-offshore-wind-holds-promise-for-vertical-axis-turbines
https://www.greentechmedia.com/articles/read/floating-offshore-wind-holds-promise-for-vertical-axis-turbines
https://www.greentechmedia.com/articles/read/floating-offshore-wind-holds-promise-for-vertical-axis-turbines
https://energy.sandia.gov/programs/renewable-energy/wind-power/offshore-wind/#float-vawt
https://energy.sandia.gov/programs/renewable-energy/wind-power/offshore-wind/#float-vawt
https://prod-ng.sandia.gov/techlib-noauth/access-control.cgi/2014/1416800.pdf
https://prod-ng.sandia.gov/techlib-noauth/access-control.cgi/2014/1416800.pdf
https://www.energy.gov/eere/wind/articles/offshore-floating-vertical-axis-wind-turbine-project-identifies-promising
https://www.energy.gov/eere/wind/articles/offshore-floating-vertical-axis-wind-turbine-project-identifies-promising
https://www.scientificamerican.com/article/europe-stores-electricity-in-gas-pipes
https://www.scientificamerican.com/article/europe-stores-electricity-in-gas-pipes
https://windeurope.org/confex2019/wp-content/uploads/files/networking/tlf/day-1/13.30-14.00-Denis-Thomas-Hydrogenics.pdf
https://windeurope.org/confex2019/wp-content/uploads/files/networking/tlf/day-1/13.30-14.00-Denis-Thomas-Hydrogenics.pdf
https://windeurope.org/confex2019/wp-content/uploads/files/networking/tlf/day-1/13.30-14.00-Denis-Thomas-Hydrogenics.pdf
https://www.windpowermonthly.com/article/1672014/offshore-wind-to-hydrogen-plant-plans-revealed
https://www.windpowermonthly.com/article/1672014/offshore-wind-to-hydrogen-plant-plans-revealed
http://newenergyupdate.com/wind-energy-update/shell-aims-be-worlds-largest-power-company-orsted-bundles-hydrogen-sales-offshore
http://newenergyupdate.com/wind-energy-update/shell-aims-be-worlds-largest-power-company-orsted-bundles-hydrogen-sales-offshore
http://newenergyupdate.com/wind-energy-update/shell-aims-be-worlds-largest-power-company-orsted-bundles-hydrogen-sales-offshore
https://analysis.newenergyupdate.com/wind-energy-update/offshore-wind-hydrogen-could-be-subsidy-free-within-10-years
https://analysis.newenergyupdate.com/wind-energy-update/offshore-wind-hydrogen-could-be-subsidy-free-within-10-years
https://analysis.newenergyupdate.com/wind-energy-update/offshore-wind-hydrogen-could-be-subsidy-free-within-10-years
https://orsted.com/en/media/newsroom/news/2019/12/945369984118407
https://orsted.com/en/media/newsroom/news/2019/12/945369984118407
https://www.greentechmedia.com/articles/read/10-countries-moving-towards-a-green-hydrogen-economy
https://www.greentechmedia.com/articles/read/10-countries-moving-towards-a-green-hydrogen-economy
https://www.greentechmedia.com/articles/read/10-countries-moving-towards-a-green-hydrogen-economy
https://renews.biz/58847/dutch-unveil-green-hydrogen-offshore-wind-mega-project
https://renews.biz/58847/dutch-unveil-green-hydrogen-offshore-wind-mega-project
https://www.equinor.com/en/what-we-do/floating-wind.html
https://www.equinor.com/en/what-we-do/floating-wind.html
https://www.equinor.com/en/news/2019-07-11-floating-offshore-wind-project-in-south-korea.html
https://www.equinor.com/en/news/2019-07-11-floating-offshore-wind-project-in-south-korea.html
https://www.equinor.com/en/news/2019-07-11-floating-offshore-wind-project-in-south-korea.html
https://www.greentechmedia.com/articles/read/floating-wind-is-cutting-costs-faster-than-regular-offshore-wind
https://www.greentechmedia.com/articles/read/floating-wind-is-cutting-costs-faster-than-regular-offshore-wind
https://www.greentechmedia.com/articles/read/floating-wind-is-cutting-costs-faster-than-regular-offshore-wind
https://news.bloombergenvironment.com/environment-and-energy/oil-industry-eyed-as-catalyst-for-floating-offshore-wind
https://news.bloombergenvironment.com/environment-and-energy/oil-industry-eyed-as-catalyst-for-floating-offshore-wind
https://news.bloombergenvironment.com/environment-and-energy/oil-industry-eyed-as-catalyst-for-floating-offshore-wind
https://www.offshoreenergytoday.com/aker-solutions-brings-its-oil-and-gas-skills-into-offshore-floating-wind
https://www.offshoreenergytoday.com/aker-solutions-brings-its-oil-and-gas-skills-into-offshore-floating-wind
https://insideclimatenews.org/news/11012018/offshore-wind-turbines-oil-gas-industry-renewable-energy-investment-shell-statoil-block-island
https://insideclimatenews.org/news/11012018/offshore-wind-turbines-oil-gas-industry-renewable-energy-investment-shell-statoil-block-island
https://insideclimatenews.org/news/11012018/offshore-wind-turbines-oil-gas-industry-renewable-energy-investment-shell-statoil-block-island
https://insideclimatenews.org/news/11012018/offshore-wind-turbines-oil-gas-industry-renewable-energy-investment-shell-statoil-block-island
https://www.greentechmedia.com/articles/read/revealed-saipems-floating-offshore-wind-platform-bet
https://www.greentechmedia.com/articles/read/revealed-saipems-floating-offshore-wind-platform-bet
https://www.greentechmedia.com/articles/read/revealed-saipems-floating-offshore-wind-platform-bet
https://www.windpoweroffshore.com/article/1660579/equinor-enters-chinese-offshore-wind
https://www.windpoweroffshore.com/article/1660579/equinor-enters-chinese-offshore-wind
https://analysis.newenergyupdate.com/wind-energy-update/equinor-cuts-floating-wind-costs-40-design-revamp
https://analysis.newenergyupdate.com/wind-energy-update/equinor-cuts-floating-wind-costs-40-design-revamp
http://www.renewableenergyworld.com/ugc/articles/2017/06/20/offshore-breakthrough.html
http://www.renewableenergyworld.com/ugc/articles/2017/06/20/offshore-breakthrough.html
http://www.renewableenergyworld.com/ugc/articles/2017/06/20/offshore-breakthrough.html
https://www.woodmac.com/news/editorial/understanding-forces-in-asia-pacific-wind-and-solar-markets
https://www.woodmac.com/news/editorial/understanding-forces-in-asia-pacific-wind-and-solar-markets
https://www.woodmac.com/news/editorial/understanding-forces-in-asia-pacific-wind-and-solar-markets
http://www.newenergyupdate.com/wind-energy-update/orsted-deal-us-utility-sets-offshore-growth-surge
http://www.newenergyupdate.com/wind-energy-update/orsted-deal-us-utility-sets-offshore-growth-surge
https://mercomindia.com/india-and-denmark-offshore-wind-sector
https://mercomindia.com/india-and-denmark-offshore-wind-sector
https://www.dailysabah.com/energy/2019/11/13/turkey-denmark-work-closely-on-offshore-wind-growth
https://www.dailysabah.com/energy/2019/11/13/turkey-denmark-work-closely-on-offshore-wind-growth
https://www.pimagazine-asia.com/denmark-to-assist-vietnam-with-offshore-wind
https://www.pimagazine-asia.com/denmark-to-assist-vietnam-with-offshore-wind
https://maritime-executive.com/features/how-to-develop-the-us-offshore-wind-supply-chain-1
https://maritime-executive.com/features/how-to-develop-the-us-offshore-wind-supply-chain-1
http://www.newenergyupdate.com/wind-energy-update/orsted-deal-us-utility-sets-offshore-growth-surge
http://www.newenergyupdate.com/wind-energy-update/orsted-deal-us-utility-sets-offshore-growth-surge
http://www.newenergyupdate.com/wind-energy-update/orsted-deal-us-utility-sets-offshore-growth-surge
https://www.renewableenergyworld.com/2019/03/21/forming-joint-ventures-to-construct-us-offshore-wind-farms
https://www.renewableenergyworld.com/2019/03/21/forming-joint-ventures-to-construct-us-offshore-wind-farms
https://www.windpowermonthly.com/article/1663260/us-offshore-wind-pipeline-pipe-dream
https://www.windpowermonthly.com/article/1663260/us-offshore-wind-pipeline-pipe-dream
https://www.workboat.com/news/offshore/offshore-wind-developers-building-northeast-supply-chain
https://www.workboat.com/news/offshore/offshore-wind-developers-building-northeast-supply-chain
https://www.greentechmedia.com/articles/read/vineyard-winds-timeline-slips-as-trump-administration-further-delays-permits
https://www.greentechmedia.com/articles/read/vineyard-winds-timeline-slips-as-trump-administration-further-delays-permits
https://www.greentechmedia.com/articles/read/vineyard-winds-timeline-slips-as-trump-administration-further-delays-permits
https://www.capeandislands.org/post/former-coal-powerplant-brayton-point-make-way-renewable-energy
https://www.capeandislands.org/post/former-coal-powerplant-brayton-point-make-way-renewable-energy
https://www.capeandislands.org/post/former-coal-powerplant-brayton-point-make-way-renewable-energy
https://nawindpower.com/equinor-wind-us-joins-effort-to-protect-whales-in-new-york-bight
https://nawindpower.com/equinor-wind-us-joins-effort-to-protect-whales-in-new-york-bight
https://nawindpower.com/responsible-offshore-science-alliance-launches
https://nawindpower.com/responsible-offshore-science-alliance-launches
https://www.renewableenergyworld.com/2019/10/01/major-developers-bid-to-build-offshore-wind-farm-for-connecticut
https://www.renewableenergyworld.com/2019/10/01/major-developers-bid-to-build-offshore-wind-farm-for-connecticut
https://canwea.ca/communities/decommissioningrepowering-wind-farm
https://canwea.ca/communities/decommissioningrepowering-wind-farm
https://www.ge.com/renewableenergy/wind-energy/onshore-wind/services/upgrades-refurbishment
https://www.ge.com/renewableenergy/wind-energy/onshore-wind/services/upgrades-refurbishment
https://www.ge.com/renewableenergy/wind-energy/onshore-wind/services/upgrades-refurbishment
https://www.windpowerengineering.com/business-news-projects/six-factors-to-consider-before-repowering-a-wind-site
https://www.windpowerengineering.com/business-news-projects/six-factors-to-consider-before-repowering-a-wind-site


03

EN
DN

OT
ES

 I 
M

AR
KE

T  
AN

D 
IN

DU
ST

RY
 TR

EN
DS

ENDNOTES · MARKET AND INDUSTRY TRENDS · WIND POWER

six-factors-to-consider-before-repowering-a-wind-site. 
248 See, for example, GE Renewable Energy, “Digital optimization 

and analytics for your wind assets”, https://www.ge.com/
renewableenergy/wind-energy/onshore-wind/services/digital-
optimization, viewed 9 May 2020; “Vestas wins repowering 
order with Danish auction win”, Energy Northern Perspective, 
6 March 2020, https://energynorthern.com/2020/03/06/vestas-
wins-repowering-order-with-danish-auction-win; L. Gilpin, 
“Aging wind farms are repowering with longer blades, more 
efficient turbines”, Inside Climate News, 28 March 2018, https://
insideclimatenews.org/news/27032018/wind-power-blades-
capacity-clean-energy-technology-jobs-ge-siemens-leeward-
midamerican-repowering; M. Motyka, A. Slaughter and C. Amon, 
“Global renewable energy trends: solar and wind move from 
mainstream to preferred”, Deloitte Insights, 13 September 2018, 
https://www2.deloitte.com/insights/us/en/industry/power-and-
utilities/global-renewable-energy-trends.html; GE estimates that 
repowering can increase fleet output by up to 25%, from GE, 
“GE adds value to the US wind turbine industry with its repower 
offering”, press release (Anaheim, CA: 23 May 2017), https://www.
genewsroom.com/press-releases/ge-adds-value-us-wind-turbine-
industry-its-repower-offering-283781.

249 B. Zeller, Vestas, personal communication with REN21, 12 April 2019. 
See, for example, Vestas, “Fleet optimization”, https://www.vestas.
com/en/services/fleet%20optimisation, viewed 9 May 2020; 
Siemens Gamesa, “Life extension: Lifetime upgrade”, https://
www.siemensgamesa.com/en-int/products-and-services/
service-wind/life-extension, viewed 9 May 2020; GE Renewable 
Energy, “Upgrades and refurbishment for your onshore wind assets: 
repowering and life extension for older onshore wind turbines”, 
https://www.ge.com/renewableenergy/wind-energy/onshore-
wind/services/upgrades-refurbishment, viewed 9 May 2020.

250 Project owners partially repowered a combined 2,803 MW 
of existing wind projects in 2019, up 129% from the 1,226 MW 
repowered in 2018, from AWEA, personal communication with 
REN21, 8 May 2020. Examples of specific projects include: 
Mortenson, “Clearway completes its first wind repowering project 
in Texas”, press release (San Francisco: 4 December 2019), https://
www.mortenson.com/company/news-and-insights/2019/elbow-
creek-repowering-complete; Kallanish Energy, “E.ON secures 
financing for Texas wind repowering project”, 27 September 2019, 
https://www.kallanishenergy.com/2019/09/27/e-on-secures-
financing-for-texas-wind-repowering-project; “Siemens Gamesa 
wins largest wind farm repowering order in US history”, Smart 
Energy International, 4 July 2019, https://www.smart-energy.
com/industry-sectors/business-finance-regulation/siemens-
gamesa-wins-largest-wind-farm-repowering-order-in-us-history; 
GE Reports, GE Renewable Energy has repowered more than 
4 GWs of wind turbines in the US“, 21 May 2019, https://www.
genewsroom.com/press-releases/ge-renewable-energy-has-
repowered-more-4-gws-wind-turbines-us.

251 WindEurope, op. cit. note 13, p. 16; B. Bedeschi, “Europe’s new 
permit, grid rules set to hike wind repowering spending”, New 
Energy Update, 23 January 2019, http://newenergyupdate.com/
wind-energy-update/europes-new-permit-grid-rules-set-hike-
wind-repowering-spending; Komusanac, op. cit. note 70.

252 WindEurope, op. cit. note 13, p. 16. In late December 2019, Vestas 
received an order for 38 MW to repower a project in Norway, 
from reve, “Wind power in Norway: Vestas’ wind turbines for 
repowering”, Evwind, 21 December 2019, https://www.evwind.
es/2019/12/23/wind-power-in-norway-vestas-wind-turbines-for-
repowering/72716. 

253 Reve, “Wind energy in China, repowering with larger wind 
turbines”, Evwind, 17 December 2019, https://www.evwind.
es/2019/12/17/wind-energy-in-china-repowering-with-larger-wind-
turbines/72555.

254 Most blades are made of resin and fiberglass from C. Stella, “As 
wind energy thrives, so does its waste problem”, NET News and 
Harvest Public Media, 31 August 2019, http://netnebraska.org/
article/news/1188411/wind-energy-thrives-so-does-its-waste-
problem; difficult and expensive from US National Renewable 
Energy Laboratory (NREL), “Greening industry: Building recyclable, 
next-generation turbine blades”, 21 April 2020, https://www.nrel.
gov/news/program/2020/greening-industry.html.  

255 Partnership from S. Francis, “Decommissioned wind turbine 
blades used for cement co-processing”, CompositesWorld, 
18 July 2019, https://www.compositesworld.com/blog/post/
recycled-composites-from-wind-turbine-blades-used-for-cement-

co-processing; P. Shrestha, “New cross-sector project targets 
wind turbine blades recycling”, Energy Live News, 3 July 2019, 
https://www.energylivenews.com/2019/07/03/new-cross-sector-
project-targets-wind-turbine-blades-recycling. The European 
initiative proposes grinding glass fiber composite blades for use 
as filler in the manufacture of cement, but is exploring alternative 
technologies for materials other than glass-reinforced composites, 
from M. Donlon, “Initiative proposes turning old wind turbine 
blades into composite for cement”, GlobalSpec, 18 July 2019, 
https://insights.globalspec.com/article/12274/initiative-proposes-
turning-old-wind-tubine-blades-into-composite-for-cement. 
Miljoskarm from L. M. Lombrana, “A recycling plan to clear wind 
turbine blades from graveyards”, Bloomberg, 9 March 2020, https://
www.bloomberg.com/news/articles/2020-03-09/a-recycling-
plan-to-clear-wind-turbine-blades-from-graveyards; M. Donlon, 
“Startup to turn decommissioned wind turbines into noise pollution 
barriers”, GlobalSpec, 9 March 2020, https://insights.globalspec.
com/article/13688/startup-to-turn-decommissioned-wind-
turbines-into-noise-pollution-barriers. Markets Insider, “Global 
Fiberglass Solutions becomes the first US-based company to 
commercially recycle wind turbine blades into viable products”, 
press release (Sweetwater, TX: 29 January 2019), https://markets.
businessinsider.com/news/stocks/global-fiberglass-solutions-
becomes-the-first-us-based-company-to-commercially-recycle-
wind-turbine-blades-into-viable-products-1027906087; C. Martin, 
“Wind turbine blades can’t be recycled, so they’re piling up in 
landfills”, Bloomberg, 5 February 2020, https://www.bloomberg.
com/news/features/2020-02-05/wind-turbine-blades-can-t-be-
recycled-so-they-re-piling-up-in-landfills.

256 NREL, “Greening industry: Building recyclable, next-generation 
turbine blades”, 21 April 2020, https://www.nrel.gov/news/
program/2020/greening-industry.html; NREL, “New materials 
could lead to recyclable blades”, 19 March 2019, https://www.nrel.
gov/news/program/2019/new-materials-could-lead-to-recyclable-
wind-blades.html. 

257 GE will achieve this goal by reducing emissions through improved 
operational efficiency, securing renewable electricity to supply all 
operations, and purchasing carbon offsets to cover any remaining 
emissions, from GE Reports, “GE Renewable Energy announces 
its plan to become carbon neutral In 2020”, press release (Paris: 
24 September 2019), https://www.genewsroom.com/press-
releases/ge-renewable-energy-announces-its-plan-become-
carbon-neutral-2020. 

258 Siemens Gamesa Renewable Energy (SGRE), “Achieving a better 
future – committed to sustainable development”, https://www.
siemensgamesa.com/sustainability, viewed 4 May 2020; SGRE, 
Consolidated Non-Financial Statement 2019 (former Sustainability 
Report) (Vizcaya, Spain: 2019), p. 3, https://www.siemensgamesa.
com/-/media/siemensgamesa/downloads/en/sustainability/
siemens-gamesa-consolidated-non-financial-statement-2019-en.
pdf. See also D. Snieckus, “Siemens Gamesa tackles wind 
supply chain emissions in net-zero strategy step-up”, Recharge, 
23 April 2020, https://www.rechargenews.com/transition/
siemens-gamesa-tackles-wind-supply-chain-emissions-in-net-
zero-strategy-step-up/2-1-796565. 

259 RE100, “Vestas”, http://there100.org/vestas, viewed 13 May 
2020; A. Lee, “Wind power giant Vestas sets 2030 carbon-
neutral goal”, Recharge, 6 January 2020, https://www.
rechargenews.com/wind/wind-power-giant-vestas-sets-
2030-carbon-neutral-goal/2-1-732261; WindEurope, “Circular 
economy: Blade recycling is a top priority for the wind industry” 
12 February 2020, https://windeurope.org/newsroom/news/
blade-recycling-a-top-priority-for-the-wind-industry; C. Richard, 
“Vestas plans ‘zero-waste turbines’ by 2040”, 20 January 2020, 
https://www.windpowermonthly.com/article/1671285/
vestas-plans-zero-waste-turbines-2040.

260 Note that longer wind turbine blades have helped to reduce wind 
energy costs, from M. Bolinger, Lawrence Berkeley National 
Laboratory, cited in Iaconangelo, op. cit. note 207. Box 1 from 
the following sources: uses of small-scale turbines from WWEA, 
2017 Small Wind World Report Summary (Bonn: June 2017), 
p. 5, https://wwindea.org/blog/2017/06/02/wwea-released-
latest-global-small-wind-statistics/, from A. Orrell et al., 2016 
Distributed Wind Market Report (Richland, WA: Pacific Northwest 
National Laboratory, August 2017), p. i, https://energy.gov/sites/
prod/files/2017/08/f35/2016-Distributed-Wind-Market-Report.
pdf, and from SWIP Project, “SWIP objectives and summary”, 
http://swipproject.eu/?page_id=12146, viewed 11 March 2018. 
Small-scale wind power and capacity limits in footnote from 

78

https://www.windpowerengineering.com/business-news-projects/six-factors-to-consider-before-repowering-a-wind-site
https://www.ge.com/renewableenergy/wind-energy/onshore-wind/services/digital-optimization
https://www.ge.com/renewableenergy/wind-energy/onshore-wind/services/digital-optimization
https://www.ge.com/renewableenergy/wind-energy/onshore-wind/services/digital-optimization
https://energynorthern.com/2020/03/06/vestas-wins-repowering-order-with-danish-auction-win
https://energynorthern.com/2020/03/06/vestas-wins-repowering-order-with-danish-auction-win
https://insideclimatenews.org/news/27032018/wind-power-blades-capacity-clean-energy-technology-jobs-ge-siemens-leeward-midamerican-repowering
https://insideclimatenews.org/news/27032018/wind-power-blades-capacity-clean-energy-technology-jobs-ge-siemens-leeward-midamerican-repowering
https://insideclimatenews.org/news/27032018/wind-power-blades-capacity-clean-energy-technology-jobs-ge-siemens-leeward-midamerican-repowering
https://insideclimatenews.org/news/27032018/wind-power-blades-capacity-clean-energy-technology-jobs-ge-siemens-leeward-midamerican-repowering
https://www2.deloitte.com/insights/us/en/industry/power-and-utilities/global-renewable-energy-trends.html
https://www2.deloitte.com/insights/us/en/industry/power-and-utilities/global-renewable-energy-trends.html
https://www.genewsroom.com/press-releases/ge-adds-value-us-wind-turbine-industry-its-repower-offering-283781
https://www.genewsroom.com/press-releases/ge-adds-value-us-wind-turbine-industry-its-repower-offering-283781
https://www.genewsroom.com/press-releases/ge-adds-value-us-wind-turbine-industry-its-repower-offering-283781
https://www.vestas.com/en/services/fleet%20optimisation
https://www.vestas.com/en/services/fleet%20optimisation
https://www.siemensgamesa.com/en-int/products-and-services/service-wind/life-extension
https://www.siemensgamesa.com/en-int/products-and-services/service-wind/life-extension
https://www.siemensgamesa.com/en-int/products-and-services/service-wind/life-extension
https://www.ge.com/renewableenergy/wind-energy/onshore-wind/services/upgrades-refurbishment
https://www.ge.com/renewableenergy/wind-energy/onshore-wind/services/upgrades-refurbishment
https://www.mortenson.com/company/news-and-insights/2019/elbow-creek-repowering-complete
https://www.mortenson.com/company/news-and-insights/2019/elbow-creek-repowering-complete
https://www.mortenson.com/company/news-and-insights/2019/elbow-creek-repowering-complete
http://E.ON
https://www.kallanishenergy.com/2019/09/27/e-on-secures-financing-for-texas-wind-repowering-project
https://www.kallanishenergy.com/2019/09/27/e-on-secures-financing-for-texas-wind-repowering-project
https://www.smart-energy.com/industry-sectors/business-finance-regulation/siemens-gamesa-wins-largest-wind-farm-repowering-order-in-us-history
https://www.smart-energy.com/industry-sectors/business-finance-regulation/siemens-gamesa-wins-largest-wind-farm-repowering-order-in-us-history
https://www.smart-energy.com/industry-sectors/business-finance-regulation/siemens-gamesa-wins-largest-wind-farm-repowering-order-in-us-history
https://www.genewsroom.com/press-releases/ge-renewable-energy-has-repowered-more-4-gws-wind-turbines-us
https://www.genewsroom.com/press-releases/ge-renewable-energy-has-repowered-more-4-gws-wind-turbines-us
https://www.genewsroom.com/press-releases/ge-renewable-energy-has-repowered-more-4-gws-wind-turbines-us
http://newenergyupdate.com/wind-energy-update/europes-new-permit-grid-rules-set-hike-wind-repowering-spending
http://newenergyupdate.com/wind-energy-update/europes-new-permit-grid-rules-set-hike-wind-repowering-spending
http://newenergyupdate.com/wind-energy-update/europes-new-permit-grid-rules-set-hike-wind-repowering-spending
https://www.evwind.es/2019/12/23/wind-power-in-norway-vestas-wind-turbines-for-repowering/72716
https://www.evwind.es/2019/12/23/wind-power-in-norway-vestas-wind-turbines-for-repowering/72716
https://www.evwind.es/2019/12/23/wind-power-in-norway-vestas-wind-turbines-for-repowering/72716
https://www.evwind.es/2019/12/17/wind-energy-in-china-repowering-with-larger-wind-turbines/72555
https://www.evwind.es/2019/12/17/wind-energy-in-china-repowering-with-larger-wind-turbines/72555
https://www.evwind.es/2019/12/17/wind-energy-in-china-repowering-with-larger-wind-turbines/72555
http://netnebraska.org/article/news/1188411/wind-energy-thrives-so-does-its-waste-problem
http://netnebraska.org/article/news/1188411/wind-energy-thrives-so-does-its-waste-problem
http://netnebraska.org/article/news/1188411/wind-energy-thrives-so-does-its-waste-problem
https://www.nrel.gov/news/program/2020/greening-industry.html
https://www.nrel.gov/news/program/2020/greening-industry.html
https://www.compositesworld.com/blog/post/recycled-composites-from-wind-turbine-blades-used-for-cement-co-processing
https://www.compositesworld.com/blog/post/recycled-composites-from-wind-turbine-blades-used-for-cement-co-processing
https://www.compositesworld.com/blog/post/recycled-composites-from-wind-turbine-blades-used-for-cement-co-processing
https://www.energylivenews.com/2019/07/03/new-cross-sector-project-targets-wind-turbine-blades-recycling
https://www.energylivenews.com/2019/07/03/new-cross-sector-project-targets-wind-turbine-blades-recycling
https://insights.globalspec.com/article/12274/initiative-proposes-turning-old-wind-tubine-blades-into-composite-for-cement
https://insights.globalspec.com/article/12274/initiative-proposes-turning-old-wind-tubine-blades-into-composite-for-cement
https://www.bloomberg.com/news/articles/2020-03-09/a-recycling-plan-to-clear-wind-turbine-blades-from-graveyards
https://www.bloomberg.com/news/articles/2020-03-09/a-recycling-plan-to-clear-wind-turbine-blades-from-graveyards
https://www.bloomberg.com/news/articles/2020-03-09/a-recycling-plan-to-clear-wind-turbine-blades-from-graveyards
https://insights.globalspec.com/article/13688/startup-to-turn-decommissioned-wind-turbines-into-noise-pollution-barriers
https://insights.globalspec.com/article/13688/startup-to-turn-decommissioned-wind-turbines-into-noise-pollution-barriers
https://insights.globalspec.com/article/13688/startup-to-turn-decommissioned-wind-turbines-into-noise-pollution-barriers
https://markets.businessinsider.com/news/stocks/global-fiberglass-solutions-becomes-the-first-us-based-company-to-commercially-recycle-wind-turbine-blades-into-viable-products-1027906087
https://markets.businessinsider.com/news/stocks/global-fiberglass-solutions-becomes-the-first-us-based-company-to-commercially-recycle-wind-turbine-blades-into-viable-products-1027906087
https://markets.businessinsider.com/news/stocks/global-fiberglass-solutions-becomes-the-first-us-based-company-to-commercially-recycle-wind-turbine-blades-into-viable-products-1027906087
https://markets.businessinsider.com/news/stocks/global-fiberglass-solutions-becomes-the-first-us-based-company-to-commercially-recycle-wind-turbine-blades-into-viable-products-1027906087
https://www.bloomberg.com/news/features/2020-02-05/wind-turbine-blades-can-t-be-recycled-so-they-re-piling-up-in-landfills
https://www.bloomberg.com/news/features/2020-02-05/wind-turbine-blades-can-t-be-recycled-so-they-re-piling-up-in-landfills
https://www.bloomberg.com/news/features/2020-02-05/wind-turbine-blades-can-t-be-recycled-so-they-re-piling-up-in-landfills
https://www.nrel.gov/news/program/2020/greening-industry.html
https://www.nrel.gov/news/program/2020/greening-industry.html
https://www.nrel.gov/news/program/2019/new-materials-could-lead-to-recyclable-wind-blades.html
https://www.nrel.gov/news/program/2019/new-materials-could-lead-to-recyclable-wind-blades.html
https://www.nrel.gov/news/program/2019/new-materials-could-lead-to-recyclable-wind-blades.html
https://www.genewsroom.com/press-releases/ge-renewable-energy-announces-its-plan-become-carbon-neutral-2020
https://www.genewsroom.com/press-releases/ge-renewable-energy-announces-its-plan-become-carbon-neutral-2020
https://www.genewsroom.com/press-releases/ge-renewable-energy-announces-its-plan-become-carbon-neutral-2020
https://www.siemensgamesa.com/sustainability
https://www.siemensgamesa.com/sustainability
https://www.siemensgamesa.com/-/media/siemensgamesa/downloads/en/sustainability/siemens-gamesa-consolidated-non-financial-statement-2019-en.pdf
https://www.siemensgamesa.com/-/media/siemensgamesa/downloads/en/sustainability/siemens-gamesa-consolidated-non-financial-statement-2019-en.pdf
https://www.siemensgamesa.com/-/media/siemensgamesa/downloads/en/sustainability/siemens-gamesa-consolidated-non-financial-statement-2019-en.pdf
https://www.siemensgamesa.com/-/media/siemensgamesa/downloads/en/sustainability/siemens-gamesa-consolidated-non-financial-statement-2019-en.pdf
https://www.rechargenews.com/transition/siemens-gamesa-tackles-wind-supply-chain-emissions-in-net-zero-strategy-step-up/2-1-796565
https://www.rechargenews.com/transition/siemens-gamesa-tackles-wind-supply-chain-emissions-in-net-zero-strategy-step-up/2-1-796565
https://www.rechargenews.com/transition/siemens-gamesa-tackles-wind-supply-chain-emissions-in-net-zero-strategy-step-up/2-1-796565
http://there100.org/vestas
https://www.rechargenews.com/wind/wind-power-giant-vestas-sets-2030-carbon-neutral-goal/2-1-732261
https://www.rechargenews.com/wind/wind-power-giant-vestas-sets-2030-carbon-neutral-goal/2-1-732261
https://www.rechargenews.com/wind/wind-power-giant-vestas-sets-2030-carbon-neutral-goal/2-1-732261
https://windeurope.org/newsroom/news/blade-recycling-a-top-priority-for-the-wind-industry
https://windeurope.org/newsroom/news/blade-recycling-a-top-priority-for-the-wind-industry
https://www.windpowermonthly.com/article/1671285/vestas-plans-zero-waste-turbines-2040
https://www.windpowermonthly.com/article/1671285/vestas-plans-zero-waste-turbines-2040
https://wwindea.org/blog/2017/06/02/wwea-released-latest-global-small-wind-statistics/
https://wwindea.org/blog/2017/06/02/wwea-released-latest-global-small-wind-statistics/
https://energy.gov/sites/prod/files/2017/08/f35/2016-Distributed-Wind-Market-Report.pdf
https://energy.gov/sites/prod/files/2017/08/f35/2016-Distributed-Wind-Market-Report.pdf
https://energy.gov/sites/prod/files/2017/08/f35/2016-Distributed-Wind-Market-Report.pdf
http://swipproject.eu/?page_id=12146


03

EN
DN

OT
ES

 I 
M

AR
KE

T  
AN

D 
IN

DU
ST

RY
 TR

EN
DS

ENDNOTES · MARKET AND INDUSTRY TRENDS · WIND POWER

WWEA, op. cit. this note, and from US DOE, EERE, op. cit. note 
213, p. 1. Market shrinkage from US DOE, EERE, 2018 Distributed 
Wind Market Report (Washington, DC: 2019), pp. iv, v, 10, https://
www.energy.gov/sites/prod/files/2019/08/f65/2018%20
Distributed%20Wind%20Market%20Report.pdf; 47 MW from 
idem., p. iv. The 114 MW in 2017 was installed in a documented 
10 countries, from US DOE, EERE, 2017 Distributed Wind Market 
Report (Washington, DC: 2018), p. 9, https://www.energy.gov/
sites/prod/files/2018/09/f55/2017-DWMR-091918-final.pdf; 
China from CWEA, cited in US DOE, EERE, 2018 Distributed 
Wind Market Report, op. cit. this note, p. 13. United States from 
idem, p. iv. Installations in 2018 were down from 1.7 MW (3,269 
units) in 2017, 2.4 MW in 2016, and 4.3 MW in 2015, from idem, 
pp. iv, 8. However, per unit sales of units <1 kW again increased 
during the year. The states of New York, which has a small-scale 
turbine incentive programme, and Alaska were the leaders for 
newly installed capacity in 2018, while Iowa, Nevada and Alaska 
were the top three for cumulative capacity, from idem, pp. v, 4, 
5. United Kingdom, Japan and Denmark from idem, pp. 11, 12. 
Japan also from Japan Small Wind Turbines Association, cited 
in idem, pp. 12, 13. Total global small-scale wind power capacity 
was estimated to be at least 1.7 GW at end-2018, from idem, 
p. 12; approximately 1 million turbines and more than 1 GW in 
operation based on data as of end-2016, from WWEA, personal 
communications with REN21, April-May 2018. CWEA, “The 
development of Chinese small wind generators”, WWEA Wind 
Bulletin, no. 2 (September 2016), pp. 6-7, http://www.wwindea.
org/wwea-bulletin-issue-2-2016-small-wind-special; Orrell et 
al., 2016 Distributed Wind Market Report, op. cit. this note, p. 
i; Navigant Research, “Market data: Small and medium wind 
turbines: demand drivers, market trends and challenges, and 
global market forecasts”, 2017, http://www.navigantresearch.
com/research/market-data-small-and-medium-wind-turbines, 
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reported sales in 2012, 16 companies in 2013, 11 in 2014 and 10 
(8 domestic manufacturers and 2 importers) in 2015; in addition, 
foreign manufacturers have lost interest in the United States due 
to the expiration of important federal incentives, all from A. C. 
Orrell et al., 2015 Distributed Wind Market Report (Richland, WA: 
Pacific Northwest National Laboratory, August 2016), p. ii, https://
energy.gov/sites/prod/files/2016/08/f33/2015-Distributed-
Wind-Market-Report-08162016_0.pdf. Exports from US-based 
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(USD 42 million) in 2017, from US DOE, EERE, 2017 Distributed 
Wind Market Report, op. cit. this note, p. v; US exports and 
manufacturers from US DOE, EERE, 2018 Distributed Wind Market 
Report, op. cit. this note, pp. v, 8, 9; role of tax credit, and US R&D 
efforts, from J. Gerdes, “Struggling distributed wind sector eyes 
role in microgrids market”, GTM, 28 April 2020, https://www.
greentechmedia.com/articles/read/distributed-wind, and from US 
DOE, EERE, “Microgrids, Infrastructure Resilience, and Advanced 
Controls Launchpad”, February 2020, https://www.energy.gov/
sites/prod/files/2020/03/f72/miracl-fact-sheet-v2.pdf. “First vertical 
axis wind turbine awarded certification”, Wind Systems, 5 August 
2019, http://www.windsystemsmag.com/news/first-vertical-axis-
wind-turbine-awarded-certification. Sidebar 5 and Figure 40 
based on IRENA, Renewable Power Generation Costs in 2019 (Abu 
Dhabi: 2020), https://www.irena.org/costs.
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SFEATURE: PUBLIC SUPPORT FOR RENEWABLES
1 Figure 61 adapted from R. Wüstenhagen, M. Wolsink and M. J. 
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abs/pii/S0301421512005174; G. Ellis, J. Barry and C. Robinson, 
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pp. 426-41, https://onlinelibrary.wiley.com/doi/abs/10.1002/
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S1364032118302454.
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education, from Edelman Intelligence, Green Energy Barometer 
(Fredericia, Denmark: Ørsted, 2017), https://orstedcdn.azureedge.
net/-/media/WWW/Docs/Corp/COM/Campaigns/Barometer-
campaign/Green-Energy-Barometer-2017_with-appendix.ashx.  
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“green” behaviour (e.g., recycling, buying eco-labelled products, 
etc.) was an important predictor of acceptance of wind energy, 
and that both everyday “green” behaviour and the acceptance 
of wind power were rooted in environmental concern, from J. 
Thøgersen and C. Noblet, “Does green consumerism increase 
the acceptance of wind power?” Energy Policy, vol. 51 (December 
2012), pp. 854-62, https://www.sciencedirect.com/science/
article/abs/pii/S0301421512008191.  

5 US Environmental Protection Agency, Quantifying the Multiple 
Benefits of Energy Efficiency and Renewable Energy – Full Report 
(Washington, DC: 2018), https://www.epa.gov/statelocalenergy/
quantifying-multiple-benefits-energy-efficiency-and-renewable-
energy-guide-state.

6 See, for example: J. Moyo, “Solar cures energy ills at Zimbabwe’s 
power-short clinics”, Reuters, 21 December 2018, https://
www.reuters.com/article/us-zimbabwe-health-energy-solar/
solar-cures-energy-ills-at-zimbabwes-power-short-clinics-
idUSKCN1OK0QV; J. J. Buonocore et al., “Health and climate 
benefits of different energy-efficiency and renewable energy 
choices”, Nature Climate Change, vol. 6, no. 1 (2016), pp. 100-05, 
https://www.nature.com/articles/nclimate2771; S. V. Valentine, 
“Emerging symbiosis: Renewable energy and energy security”, 
Renewable and Sustainable Energy Reviews, vol. 15, no. 9 (2011), 
pp. 4572-78, https://www.sciencedirect.com/science/article/
abs/pii/S1364032111003406; Intergovernmental Panel on 
Climate Change, Special Report: Renewable Energy Sources 
and Climate Change Mitigation Summary for Policy Makers 

and Technical Summary (New York and Geneva: Cambridge 
University Press, 2011), https://www.ipcc.ch/site/assets/
uploads/2018/03/SRREN_FD_SPM_final-1.pdf; S. Szabó et al., 
“Sustainable energy planning: Leapfrogging the energy poverty 
gap in Africa”, Renewable and Sustainable Energy Reviews, vol. 28 
(December 2013), pp. 500-09, https://www.sciencedirect.com/
science/article/abs/pii/S1364032113005844.

7 A. L. Berka and E. Creamer, “Taking stock of the local impacts 
of community owned renewable energy: A review and research 
agenda”, Renewable and Sustainable Energy Reviews, vol. 82, pt. 
3 (February 2018), pp. 3400-19, https://www.sciencedirect.com/
science/article/abs/pii/S1364032117314247.

8 European Commission, Europeans’ Attitudes on EU Energy Policy 
(Brussels: September 2019), https://op.europa.eu/en/publication-
detail/-/publication/b891cfb7-d50f-11e9-b4bf-01aa75ed71a1. In 
total, 80% of Europeans were in favour of the use of solar energy, 
71% for wind energy, 65% for hydroelectric and 60% for marine 
energy, with only a small number of respondents opposing these 
energy sources. In contrast, only 27% and 26% favoured the use 
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9 E3G, “Polling finds citizens in six belt and road countries want 
clean energy, not coal”, press release (London/Brussels/Berlin/
Washington: 24 April 2019), https://www.e3g.org/news/media-
room/polling-citizens-six-belt-and-road-countries-want-clean-
energy-not-coal.
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back shift to renewable energy: Poll”, The Star, 22 January 
2018, https://www.thestar.com/news/canada/2018/01/22/
canadians-back-shift-to-renewable-energy-poll.html; ADEME, 
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Cousse, M. Kubli and R. Wüstenhagen, 10th Consumer Barometer 
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climate-crisis-6-million-people-join-latest-wave-of-worldwide-
protests. Similar social movements have emerged in recent years 
that push for government action against climate change; see, 
for example: “Extinction Rebellion”, The Guardian (UK), https://
www.theguardian.com/environment/extinction-rebellion, viewed 
27 March 2020.

15 London School of Economics, Global institute on Climate 
Change and the Environment, Global Trends in Climate Change 
Litigation: 2019 Snapshot (London: 4 July 2019), http://www.
lse.ac.uk/GranthamInstitute/publication/global-trends-in-
climate-change-litigation-2019-snapshot. For example, in 
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SLes Échos, 9 October 2018, https://www.lesechos.fr/monde/
enjeux-internationaux/climat-les-pays-bas-epingles-par-la-
justice-pour-leur-manque-dambition-141333. In France, four 
non-governmental organisations filed a lawsuit against the state 
for neglecting its duties against global warming and doing too 
little to fight climate change. The lawsuit, nicknamed “L’Affaire 
du siècle” (The case of the century), was supported by a petition 
signed by more than 2 million people and received considerable 
media attention. The complainants ask for a moral and ecological 
prejudice to be recognised and intend for the action to push 
towards a recognition of the duties of the state in the fight 
against climate change. See Cimatecasechart.org, “Database 
of climate change caselaw: Notre Affaire à Tous and Others 
v. France”, 2018, http://climatecasechart.com/non-us-case/
notre-affaire-a-tous-and-others-v-france.

16 For example, in late 2019, a legal commission in the Philippines 
concluded that 47 corporations including BP, Total, Shell 
and ExxonMobil were found to have played a clear role in 
anthropogenic climate change and could be held legally and 
morally liable for human rights violations to Filipinos as a result 
of climate change impacts. While the Commission’s findings 
have no legal weight, they could lead to stricter regulations, 
increased pressure on companies and even encourage countries 
to establish legal liability in their courts and hold these companies 
civilly and/or criminally accountable. I. Kaminski, “Carbon 
majors can be held liable for human rights violations, Philippines 
commission rules”, Climate Liability News, 9 December 2019, 
https://www.climateliabilitynews.org/2019/12/09/philippines-
human-rights-climate-change-2. In the United Kingdom, Friends 
of the Earth brought a case against the proposed expansion of 
Heathrow Airport, from T. Espiner, “Climate campaigners win 
Heathrow expansion case”, BBC, 27 February 2020,  https://www.
bbc.co.uk/news/business-51658693.

17 B. Quinn and J. Henley, “Yellow vests: protesters fight for 
ideological ownership”, The Guardian (UK), 13 January 2019, 
https://www.theguardian.com/world/2019/jan/13/yellow-
vests-protesters-fight-for-ideological-ownership; A. Abu Omar, 
“Protests erupt across Iran after gasoline-price increase”, 
Bloomberg, 16 November 2019, https://www.bloomberg.
com/news/articles/2019-11-16/protests-erupt-in-iranian-
cities-after-fuel-price-hike-irna; J. Gambrell, “AP explains: 
Iran gas price protests quickly turn violent”, ABC News, 18 
November 2019, https://abcnews.go.com/Politics/wireStory/
ap-explains-iran-gas-price-protests-quickly-turn-67101344.

18 Although ultimately growing to encompass more than 
one singular issue, the protests in France arose from the 
implementation of a fuel tax as part of France’s “ecological 
transition” to move away from fossil fuels by making them more 
expensive, and to encourage the use of renewable sources; see 
A. Gopnik, “The yellow vests and why there are so many street 
protests in France”, New Yorker, 6 December 2018, https://www.
newyorker.com/news/daily-comment/the-yellow-vests-and-why-
there-are-so-many-street-protests-in-france.

19 “Ontario government cancels 758 renewable energy contracts, 
says it will save millions”, CBC, 13 July 2018, https://www.
cbc.ca/news/canada/toronto/758-renewable-energy-
cancelled-1.4746293; “Doug Ford’s vow to fight federal carbon 
tax part of concerted effort, prof says”, CBC Radio, 20 June 2018, 
http://www.cbc.ca/radio/thecurrent/the-current-for-
june-20-2018-1.4713749/doug-ford-s-vow-to-fight-federal-carbon-
tax-part-of-concerted-effort-prof-says-1.4713865; B. Labby, 
“Industry worries new Alberta government will cancel solar-power 
rebates”, CBC, 13 May 2019, https://www.cbc.ca/news/canada/
calgary/alberta-solar-energy-rebates-uncertainty-1.5131001.

20 S. Nazalya and O. Dobson, “Human rights challenges flying 
below radar for renewables”, GTM, 16 October 2019, https://www.
greentechmedia.com/articles/read/human-rights-challenges-
flying-under-radar-for-renewables-industry. 

21 According to a 2019 industry report, less than half of 109 
surveyed renewable energy companies had enacted human 
rights policies, from Columbia Center on Sustainable Investment, 
“Renewable energy poses a serious threat to human rights — but 
it doesn’t have to”, 5 September 2019, https://blogs.ei.columbia.
edu/2019/09/05/renewable-energy-human-rights.

22 Transition Network, “Transition near me”, https://
transitionnetwork.org/transition-near-me, viewed 29 April 
2020. The Transition Town movement began in 2005 in Kinsale 
(Ireland) when permaculture students decided to design an 

Energy Descent Action Plan to reduce their dependency on fossil 
fuels and overall consumption of energy. Kinsale’s Energy Action 
Plan, designed in 2005, included elements such as: increased 
self-reliance for food production; carbon neutrality with energy 
use reduction and total reliance on renewable energy sources 
and especially wind; sustainable and energy-efficient housing; 
and eco-friendly transport systems, from Transition Town Kinsale, 
“Summary of the Kinsale Energy Descent Action Plan” (Kinsale, 
Ireland: 2012), http://www.transitiontownkinsale.org/wp-content/
uploads/2012/07/TTK-booklet-for-website-2012.pdf.

23 On Samsø, 5 of 10 offshore turbines are owned by the 
municipality, 3 by private investors and 2 by several small 
shareholders, while 9 of the onshore wind turbines are owned by 
local farmers and 2 by local co-operatives. The island has been 
“energy positive” since 2000, and in 2019 its inhabitants had a 
negative carbon footprint. Rapid Transition Alliance, “Stories: The 
world’s first renewable island – when a community embraces 
wind power”, 4 February 2019, https://www.rapidtransition.org/
stories/the-worlds-first-renewable-island-when-a-community-
embraces-wind-power. 

24 Devine‐Wright, op. cit. note 2.
25 S. Batel et al., “Developing a critical agenda to understand pro-

environmental actions: Contributions from social representations 
and social practices theories”, Climate Change, vol. 7, no. (2016), 
pp. 727-45, http://eprints.lse.ac.uk/67289.

26 S. Derya, “Jeotermalin etkileri uluslararasi raporlarla aydinlanacak”, 
Jesder, 7 July 2019, https://jesder.org/jeotermalin-etkileri-
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1 Table R1 from the following sources: Bio-power based on the 

following: US Federal Energy Regulatory Commission, “Office 
of Energy Projects Energy Infrastructure Update for December 
2019” (Washington, DC: 2019), https://www.ferc.gov/legal/staff-
reports/2018/dec-energy-infrastructure.pdf; Federal Ministry for 
Economic Affairs and Energy (BMWi), “Zeitreihen zur Entwicklung 
der erneuerbaren Energien in Deutschland, 1990-2019”, Table 
5, https://www.erneuerbare-energien.de/EE/Navigation/DE/
Service/Erneuerbare_Energien_in_Zahlen/Zeitreihen/zeitreihen.
html, updated March 2020; UK Department for Business, Energy 
and Industrial Strategy (BEIS), “Energy Trends: Renewables”, 
Table 6.1, https://www.gov.uk/government/statistics/energy-
trends-section-6-renewables, updated 26 March 2020; 
Government of India, Ministry of New and Renewable Energy 
(MNRE), “Physical progress (achievements) for 2018 and 2019”, 
https://mnre.gov.in/physical-progress-achievements, viewed 
23 February 2020; data for other countries based on forecast 
2019 capacity figures from International Energy Agency (IEA), 
Renewables 2019 (Paris: 2019), https://www.iea.org/reports/
renewables-2019, datafiles. Geothermal power from sources 
in endnote 1 of Geothermal section in Market and Industry 
chapter, and from country-specific sources noted elsewhere 
in that section. Hydropower from sources in endnotes 1 and 2 
of Hydropower section in Market and Industry chapter. Ocean 
power from International Renewable Energy Agency (IRENA), 
Renewable Capacity Statistics 2020 (Abu Dhabi: March 2020), 
https://www.irena.org/publications/2020/Mar/Renewable-
Capacity-Statistics-2020. Solar PV from sources in endnote 16 of 
this section. CSP from sources in endnote 17 of this section. Wind 
power from sources in endnote 19 of this section. Modern bio-
heat consumption based on the following: Estimate for modern 
bio-heat in 2018 of 13.2 EJ direct heat and 0.7 EJ from district 
heating and an anticipated annual growth rate of 1.8% and 4.0% 
respectively from IEA, op. cit. this note, making it 14.1 EJ total in 
2018. Geothermal heat from estimates of annual growth is based 
on a survey report published in early 2020. The annual growth 
estimate for 2019 is based the annualised growth rate in the five-
year period since 2014. See endnote 64 in Geothermal section 
of Market and Industry chapter. Solar collectors for water 
heating from sources in endnote 18 of this section. Ethanol from 
US Energy Information Administration (EIA), Monthly Energy 
Review, March 2020, Table 10.3, https://www.eia.gov/totalenergy/
data/monthly/#renewable, and from Brazil Agencia Nacional 
do Petroleo, Gas Natural e Biocombustiveis (ANP), “Dados 
estatísticos”, http://www.anp.gov.br/dados-estatisticos, viewed 
24 February 2019. Biodiesel from EIA, op. cit. this note, Table 
10.4, from ANP, op. cit. this note and from Argentine Ministry of 
Energy and Mines, “Energy Market Statistics”, resumen biodiesel, 
http://datos.minem.gob.ar/dataset/estadisticas-de-biodiesel-
y-bioetanol. Other ethanol and biodiesel data based on biofuels 
data in IEA, Oil 2020 (Paris: 2020), https://www.iea.org/reports/
oil-2020. HVO production is estimated based on a review of the 
production of the major producers.

2 Table R2 from the following sources: For all global data, see 
endnote 1 for this section and other relevant reference tables. For 
more-specific data and sources, see Global Overview and Market 
and Industry chapters and related endnotes. For sources for 
BRICS, EU and individual countries, see endnote 5 in Global 
Overview chapter. Per capita data are based on capacity data 
provided in Reference Table R2 and on 2018 country population 
data from World Bank, “Population, total”, World Development 
Indicators, http://data.worldbank.org/indicator/SP.POP.TOTL, 
updated 19 May 2020.

3 Table R3 from sources in REN21 GSR 2020 data pack, available 
online at www.ren21.net/GSR.

4 Table R4 from Ibid.
5 Table R5 from Ibid.
6 Table R6 from Ibid.
7 Table R7 from Ibid.
8 Table R8 from Ibid.
9 Table R9 from Ibid.
10 Table R10 from Ibid.
11 Table R11 from Ibid.
12 Table R12 from Ibid.
13 Table R13 from sources in endnote 1 of this section.

14 Table R14 from sources in endnote 1 of this section.
15 Table R15 from sources in endnote 1 of this section.
16 Table R16 from the following sources: Unless noted otherwise, 

data for end-2018 from the following: IEA Photovoltaic Power 
Systems Programme (PVPS), Trends 2019 in Photovoltaic 
Applications: Survey Report of Selected IEA Countries Between 
1992 and 2018 (Paris: 2019), pp. 96, 97, http://www.iea-pvps.
org/fileadmin/dam/public/report/statistics/5319_iea-pvps_
report_2019_08_lr.pdf; Becquerel Institute, Brussels, personal 
communication with REN21, February-May 2020; SolarPower 
Europe, EU Market Outlook for Solar Power, 2019-2023 (Brussels: 
December 2019), https://www.solarpowereurope.org/wp-content/
uploads/2019/12/SolarPower-Europe_EU-Market-Outlook-for-
Solar-Power-2019-2023_.pdf; SolarPower Europe, Global Market 
Outlook for Solar Power, 2019-2023 (Brussels: 2019), p. 22, https://
www.solarpowereurope.org/global-market-outlook-2019-2023. 
Data for 2019 from the following: IEA PVPS, Snapshot of Global PV 
Markets 2020 (Paris: April 2020), https://iea-pvps.org/wp-content/
uploads/2020/04/IEA_PVPS_Snapshot_2020.pdf; Becquerel 
Institute, op. cit. this note; SolarPower Europe, EU Market Outlook 
for Solar Power, 2019-2023, op. cit. this note; and sources provided 
below. This report aims to provide all solar PV data in direct current 
(DC) units. Note that some countries (for example, Canada, Chile, 
India, Japan, Malaysia, Sweden and the United States) report 
data officially in alternating current (AC); for consistency across 
countries, AC data were converted to DC by the relevant sources 
listed. Additional country sources are as follows: China: Total 
end-2018 from the following: Becquerel Institute, op. cit. this note; 
China’s National Energy Administration (NEA), “2018 added solar 
PV capacities,” Finance World, 28 January 2019, https://baijiahao.
baidu.com/s?id=1623876437525496663&wfr=spider&for=pc 
(using Google Translate); NEA, “Photovoltaic power generation 
statistics for 2018,” 19 March 2019, http://www.nea.gov.cn/2019-
03/19/c_137907428.htm (using Google Translate); China Electricity 
Council (CEC), cited in China Energy Portal, “2018 electricity & 
other energy statistics,” 25 January 2019, https://chinaenergyportal.
org/en/2018-electricity-other-energy-statistics. Additions and 
total in 2018 from NEA, “PV grid-connected operation in 2019”, 28 
February 2020, http://www.nea.gov.cn/2020-02/28/c_138827923.
htm (using Google Translate), and from IEA PVPS, Snapshot of 
Global PV Markets 2020, op. cit. this note, p. 10. United States: 
Solar Energy Industries Association and Wood Mackenzie, U.S. 
Solar Market Insight, 2019 Year in Review – Executive Summary 
(Washington, DC: March 2020), p. 5, https://www.woodmac.com/
research/products/power-and-renewables/us-solar-market-
insight; US EIA, Electric Power Monthly with Data for December 
2019 (Washington, DC: February 2020), Table 6.1, https://www.
eia.gov/electricity/monthly/archive/february2020.pdf. India: IEA 
PVPS, Snapshot of Global PV Markets 2020, op. cit. this note, p. 10; 
Government of India, MNRE, “Physical progress (achievements)”, 
http://mnre.gov.in/mission-and-vision-2/achievements, viewed  
30 January 2019; MNRE, “Physical progress (achievements)”, 
https://mnre.gov.in/the-ministry/physical-progress, viewed 9 
January 2020. Japan: IEA PVPS, Snapshot of Global PV Markets 
2020, op. cit. this note; RTS Corp, cited in T. Ohigashi and I. 
Kaizuka, “The beginnings of a post FIT-market”, pv magazine, 25 
February 2020, https://www.pv-magazine.com/2020/02/25/
the-beginnings-of-a-post-fit-market; data in AC, based on 
grid-connected capacity of utilities, provided by H. Matsubara, 
Institute for Sustainable Energy Policies, Tokyo, personal 
communication with REN21, 14 April 2020. Vietnam: IEA PVPS, 
Snapshot of Global PV Markets 2020, op. cit. this note; Becquerel 
Institute, provided by A. Detollenaere, Becquerel Institute, 
personal communication with REN21, 10 April 2020. Spain: Carlos 
De Sande, Unión Española Fotovoltaica (UNEF), Madrid, personal 
communication with REN21, 28 May 2020. UNEF numbers are 
based on data from the Spanish system operator RED Eléctrica 
de España, which are in DC and for utility-scale plants only, plus 
UNEF’s estimates of solar PV capacity for self-consumption. 
See also RED Eléctrica de España, “Potencia instalada nacional 
(MW) – nacional”, data as of April 2020, https://www.ree.es/es/
datos/publicaciones/series-estadisticas-nacionales. Germany: 
German Federal Ministry for Economic Affairs and Energy 
and Arbeitsgruppe Erneuerbare Energien-Statistik (AGEE-
Stat), Time Series for the Development of Renewable Energy 
Sources in Germany, Based on Statistical Data from the Working 
Group on Renewable Energy Statistics (AGEE-Stat)(Status: 
February 2020) (Dessau-Roßlau: February 2020), p. 7, https://
www.erneuerbare-energien.de/EE/Navigation/DE/Service/
Erneuerbare_Energien_in_Zahlen/Zeitreihen/zeitreihen.html. 
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op. cit. this note, p. 25; Australian Photovoltaic Institute, personal 
communication with REN21, 12 May 2020; IEA PVPS, Snapshot 
of Global PV Markets 2020, op. cit. this note; Clean Energy 
Council, Clean Energy Australia Report 2020 (Melbourne: 8 April 
2020), pp. 4, 6, 18, 69, 72, 76, https://assets.cleanenergycouncil.
org.au/documents/resources/reports/clean-energy-australia/
clean-energy-australia-report-2020.pdf. Ukraine: IEA PVPS, 
Snapshot of Global PV Markets 2020, op. cit. this note, pp. 6, 12, 
Becquerel Institute, provided by Detollenaere, op. cit. this note; 
Ukrainian Wind Energy Association, Wind Power Sector of Ukraine 
2019 (Kyiv: February 2020), p. 18. Republic of Korea: IEA PVPS, 
Snapshot of Global PV Markets 2020, op. cit. this note; Becquerel 
Institute, provided by Detollenaere, op. cit. this note. Italy: IEA 
PVPS, Snapshot of Global PV Markets 2020, op. cit. this note, pp. 
8, 10; Becquerel Institute, provided by Detollenaere, op. cit. this 
note; Italian renewables association Anie Rinnovabili and grid 
operator Terna, cited in E. Bellini, “Italy deployed 737 MW of solar 
in 2019”, pv magazine, 21 April 2020, https://www.pv-magazine.
com/2020/04/21/italy-deployed-737-mw-of-solar-in-2019. United 
Kingdom: UK BEIS, “Solar photovoltaics deployment in the UK”, 
https://www.gov.uk/government/statistics/solar-photovoltaics-
deployment, updated 27 February 2020. See Solar PV section in 
Market and Industry chapter and related endnotes for additional 
statistics and details.

17 Table R17 from the following sources: New Energy Update, “CSP 
Today global tracker”, http://tracker.newenergyupdate.com/
tracker/projects, viewed on numerous dates leading up to 27 April 
2020; US National Renewable Energy Laboratory, “Concentrating 
solar power projects”, https://solarpaces.nrel.gov, with the 
page and its subpages viewed on numerous dates leading up 
to 27 April 2020 (some subpages are referenced individually 
throughout the CSP section) and references cited in the CSP 
section of Renewable Energy Policy Network for the 21st Century 
(REN21), Renewables 2019 Global Status Report (Paris: 2019), pp. 
107-09, https://www.ren21.net/wp-content/uploads/2019/05/
gsr_2019_full_report_en.pdf. In some cases, information from the 
above sources was verified against additional country specific 
sources, as cited in the endnotes for the CSP section. Global CSP 
data are based on commercial facilities only; demonstration and 
pilot facilities are excluded, with the exception of certain plants 
in China that are described as “demonstration” plants by the 
government but are nonetheless large- (utility-) scale, grid-
connected plants that are operating or will operate commercially. 
Data discrepancies between REN21 and other reference sources 
are due primarily to differences in categorisation and thresholds 
for inclusion of specific CSP facilities in overall global totals.

18 Table R18 from the following sources: cumulative solar thermal 
capacity in operation nationally and globally at end-2018 from 
M. Spörk-Dür, AEE-Institute for Sustainable Technologies (AEE 
INTEC), Gleisdorf, Austria, personal communications with 
REN21, March-May 2020; W. Weiss and M. Spörk-Dür, Solar 
Heat Worldwide. Global Market Development and Trends in 
2019, Detailed Market Figures 2018 (Gleisdorf, Austria: IEA Solar 
Heating and Cooling Programme, 2020), https://www.iea-shc.
org/solar-heat-worldwide. Gross additions on a national level 
from the following associations and experts: David Ferrari, 
Sustainability Victoria, Melbourne, Australia; Werner Weiss, AEE 
INTEC, Vienna, Austria; Danielle Johann, Brazilian Solar Thermal 
Energy Association (ABRASOL), São Paulo, Brazil; Hongzhi 
Cheng, Shandong SunVision Management Consulting, Dezhou, 
China; Panayiotis Kastanias, Cyprus Union of Solar Thermal 
Industrialists (EBHEK), Nicosia, Cyprus; Daniel Trier and Jan Erik 
Nielson, PlanEnergi, Skørping, Denmark; Andrea Liesen, BSW 
Solar, Berlin, Germany; Costas Travasaros, Greek Solar Industry 
Association (EBHE), Piraeus, Greece; Jaideep Malaviya, Solar 
Thermal Federation of India (STFI), Pune, India; Eli Shilton, Elsol, 
Kohar-yair, Israel; Federico Musazzi, ANIMA, the Federation of 
Italian Associations in the Mechanical and Engineering Industries, 
Milan, Italy; Daniel Garcia, Solar Thermal Manufacturers 
Organisation (FAMERAC), Mexico City, Mexico; Janusz Staroscik, 
Association of Manufacturers and Importers of Heating 
Appliances (SPIUG), Warsaw, Poland; Karin Kritzinger, Centre 
for Renewable and Sustainable Energy Studies, University of 
Stellenbosch, Stellenbosch, South Africa; Pascual Polo, Spanish 
Solar Thermal Association (ASIT), Madrid, Spain; Abdullah 
Azzam, Palestinian Central Bureau of Statistics, Ramallah, State 
of Palestine; David Stickelberger, Swissolar, Zurich, Switzerland; 
Abdelkader Baccouche, ANME, Tunis, Tunisia; Kutay Ülke, Bural 
Heating, Kayseri, Turkey; Les Nelson, Solar Heating & Cooling 

Programs at the International Association of Plumbing and 
Mechanical Officials (IAPMO), Ontario, California, United States, 
all personal communications with REN21, February-April 2020. 
Data for China and World Total assume that systems in China 
have a 10-year operational lifetime; national data for all other 
countries reflect a 25-year lifetime, with the exceptions of Turkey 
(14 years prior to 2018, and 15 years starting with 2018) and 
Germany (20 years). Total gross additions worldwide for 2018 are 
based on estimates from Spörk-Dür, op. cit. this note.

19 Table R19 from the following sources: Unless noted otherwise, 
data are from the following: Global Wind Energy Council (GWEC), 
Global Wind Report 2019 (Brussels: March 2020), pp. 13, 42, 43, 
https://gwec.net/global-wind-report-2019; GWEC, “Global Wind 
Statistics 2019: Status as End of 2019” (Brussels: March 2020); 
WindEurope, Wind Energy in Europe in 2019: Trends and Statistics 
(Brussels: 2020), pp. 8, 10, 13, 15, 16, https://windeurope.org/
wp-content/uploads/files/about-wind/statistics/WindEurope-
Annual-Statistics-2019.pdf; World Wind Energy Association 
(WWEA), “Global wind installations”, https://library.wwindea.org/
global-statistics, viewed 16 April 2020. China: Official total for 
end-2018 from NEA, “2018 wind power grid operation”, 28 January 
2019, http://www.nea.gov.cn/2019-01/28/c_137780779.htm 
(using Google Translate), and from NEA and CEC, cited in China 
Energy Portal, “2018 wind power installations and production 
by province”, 28 January 2019, https://chinaenergyportal.org/
en/2018-wind-power-installations-and-production-by-province, 
viewed 30 April 2020; official data for 2019 additions and total 
from NEA, cited in National Energy Board, “2019 wind power grid 
operation”, 28 February 2020, http://www.nea.gov.cn/2020-
02/28/c_138827910.htm (using Google Translate), and from 
NEA and CEC, cited in China Energy Portal, “2019 wind power 
installations and production by province”, 28 February 2020, 
https://chinaenergyportal.org/en/2019-wind-power-installations-
and-production-by-province. Unofficial data from H. Yu, Chinese 
Wind Energy Association, personal communication with REN21, 
18 May 2020, and from GWEC, “Global Wind Statistics 2019”, 
op. cit. this note; unofficial data for 2019 additions and total 
from GWEC, idem. United States: American Wind Energy 
Association (AWEA), U.S. Wind Industry Quarterly Market Report, 
Fourth Quarter 2019 (Washington, DC: January 2020), p. 3, 
https://www.awea.org/resources/publications-and-reports/
market-reports/2019-u-s-wind-industry-market-reports/4q2019_
marketreport; AWEA, “Wind Powers America Annual Report”, 
press release (Washington, DC: 16 April 2020), https://www.awea.
org/resources/news/2020/wind-is-now-america%E2%80%99s-
largest-renewable-energy-pro. United Kingdom: WindEurope, 
op. cit. this note, pp. 8, 16. Also based on data from UK BEIS, op. 
cit. note 1, viewed 29 April 2020. India: Government of India, 
MNRE, cited in Ministry of Power, Central Electricity Authority 
(CEA), “All India installed capacity (in MW) of power stations 
(as on 31.01.2019) (utilities)”, p. 1, http://www.cea.nic.in/reports/
monthly/installedcapacity/2020/installed_capacity-01.pdf; 
Government of India, MNRE, cited in Ministry of Power, CEA, 
“All India installed capacity (in MW) of power stations (as on 
31.01.2018) (utilities)”, p. 1, http://www.cea.nic.in/reports/monthly/
installedcapacity/2018/installed_capacity-12.pdf; GWEC, Global 
Wind Report 2019, op. cit. this note. Spain: WindEurope, op. cit. 
this note, pp. 8, 10; Red Eléctrica de España, “Potencia instalada 
nacional (MW)”, as of 31 December 2019, https://www.ree.es/es/
datos/publicaciones/series-estadisticas-nacionales. Germany: 
WindEurope, op. cit. this note, pp. 10, 16; Federal Ministry for 
Economic Affairs and AGEE-Stat, op. cit. note 16, p. 7; Deutsche 
Windguard, Status of Offshore Wind Energy Development in 
Germany, Year 2019 (Varel, Germany: 2020), p. 3, https://www.
windguard.com/year-2019.html; Deutsche Windguard, Status 
of Offshore Wind Energy Development in Germany, Year 2019 
(Varel, Germany: 2020), p. 3, https://www.windguard.com/
year-2019.html. Sweden: WindEurope, op. cit. this note, pp. 10, 
11, 13. France: WindEurope, idem, p. 10. Also based on data from 
Réseau de transport d’électricité (RTE), Bilan Électrique 2019 
(Paris: 2020), p. 27, https://www.rte-france.com/sites/default/
files/bilan-electrique-2019_1.pdf. Mexico: GWEC, “Global 
Wind Statistics 2019”, op. cit. this note; Mexican Association 
of Wind Energy, cited in “Las energías renovables baten su 
récord en México pese a las tensiones con el Gobierno”, El Pais, 
26 February 2020, https://elpais.com/economia/2020/02/26/
actualidad/1582694040_481642.html (using Google Translate). 
Argentina: GWEC, “Global Wind Statistics 2019”, op. cit. this 
note. Brazil: GWEC, idem. Also based on data from Associação 
Brasileira de Energia Eólica (ABEEólica), Infowind Brazil, no. 14 
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https://assets.cleanenergycouncil.org.au/documents/resources/reports/clean-energy-australia/clean-energy-australia-report-2020.pdf
https://assets.cleanenergycouncil.org.au/documents/resources/reports/clean-energy-australia/clean-energy-australia-report-2020.pdf
https://assets.cleanenergycouncil.org.au/documents/resources/reports/clean-energy-australia/clean-energy-australia-report-2020.pdf
https://www.pv-magazine.com/2020/04/21/italy-deployed-737-mw-of-solar-in-2019
https://www.pv-magazine.com/2020/04/21/italy-deployed-737-mw-of-solar-in-2019
https://www.gov.uk/government/statistics/solar-photovoltaics-deployment
https://www.gov.uk/government/statistics/solar-photovoltaics-deployment
http://tracker.newenergyupdate.com/tracker/projects
http://tracker.newenergyupdate.com/tracker/projects
https://solarpaces.nrel.gov
https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf
https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf
https://www.iea-shc.org/solar-heat-worldwide
https://www.iea-shc.org/solar-heat-worldwide
https://gwec.net/global-wind-report-2019
https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Statistics-2019.pdf
https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Statistics-2019.pdf
https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Statistics-2019.pdf
https://library.wwindea.org/global-statistics
https://library.wwindea.org/global-statistics
http://www.nea.gov.cn/2019-01/28/c_137780779.htm
https://chinaenergyportal.org/en/2018-wind-power-installations-and-production-by-province
https://chinaenergyportal.org/en/2018-wind-power-installations-and-production-by-province
http://www.nea.gov.cn/2020-02/28/c_138827910.htm
http://www.nea.gov.cn/2020-02/28/c_138827910.htm
https://chinaenergyportal.org/en/2019-wind-power-installations-and-production-by-province
https://chinaenergyportal.org/en/2019-wind-power-installations-and-production-by-province
https://www.awea.org/resources/publications-and-reports/market-reports/2019-u-s-wind-industry-market-reports/4q2019_marketreport
https://www.awea.org/resources/publications-and-reports/market-reports/2019-u-s-wind-industry-market-reports/4q2019_marketreport
https://www.awea.org/resources/publications-and-reports/market-reports/2019-u-s-wind-industry-market-reports/4q2019_marketreport
https://www.awea.org/resources/news/2020/wind-is-now-america%E2%80%99s-largest-renewable-energy-pro
https://www.awea.org/resources/news/2020/wind-is-now-america%E2%80%99s-largest-renewable-energy-pro
https://www.awea.org/resources/news/2020/wind-is-now-america%E2%80%99s-largest-renewable-energy-pro
http://www.cea.nic.in/reports/monthly/installedcapacity/2020/installed_capacity-01.pdf
http://www.cea.nic.in/reports/monthly/installedcapacity/2020/installed_capacity-01.pdf
http://www.cea.nic.in/reports/monthly/installedcapacity/2018/installed_capacity-12.pdf
http://www.cea.nic.in/reports/monthly/installedcapacity/2018/installed_capacity-12.pdf
https://www.ree.es/es/datos/publicaciones/series-estadisticas-nacionales
https://www.ree.es/es/datos/publicaciones/series-estadisticas-nacionales
https://www.windguard.com/year-2019.html
https://www.windguard.com/year-2019.html
https://www.windguard.com/year-2019.html
https://www.windguard.com/year-2019.html
https://www.rte-france.com/sites/default/files/bilan-electrique-2019_1.pdf
https://www.rte-france.com/sites/default/files/bilan-electrique-2019_1.pdf
https://elpais.com/economia/2020/02/26/actualidad/1582694040_481642.html
https://elpais.com/economia/2020/02/26/actualidad/1582694040_481642.html
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(13 December 2019), http://abeeolica.org.br/wp-content/
uploads/2020/02/Infovento-14_ENG.pdf; Operador Nacional do 
Sistema Eléctrico (ONS), “Geração de energia – composição”, 
for period 1 January 2019 to 31 December 2019, http://www.ons.
org.br/Paginas/resultados-da-operacao/historico-da-operacao/
geracao_energia.aspx; ONS, “Geração de energia – composição”, 
for period 1 January 2018 to 31 December 2018, http://www.ons.
org.br/Paginas/resultados-da-operacao/historico-da-operacao/
geracao_energia.aspx. Canada: End-2018 from CanWEA, 
“Installed capacity”, December 2018, https://canwea.ca/wind-
energy/installed-capacity, viewed 11 March 2019; additions and 
total in 2019 from CanWEA, “Installed capacity”, December 2019, 
https://canwea.ca/wind-energy/installed-capacity, viewed  
5 March 2020. Italy: WindEurope, op. cit. this note, p. 10. Also 
based on data from D. A. Garcia, Italian Wind Energy Association, 
presentation for WWEA, “Webinar: Wind power markets around 
the world”, 8 April 2020, https://wwindea.org/blog/2020/04/08/
webinar-wind-power-markets-around-the-world. See Wind 
Power section in Market and Industry chapter and related 
endnotes for additional statistics and details.

20 Table R20 from the following sources: share of population with 
access derived from IEA, World Energy Outlook 2019 Access to 
Electricity Database, https://iea.blob.core.windows.net/assets/
ecaa2844-dce8-4710-80fb-4085a58f292f/WEO2019-Electricity-
database.xlsx, viewed 25 April 2020; population without access 
derived from idem and from A. Contejean, IEA, Paris, personal 
communication with REN21, 20 May 2020; targets derived 
from World Bank, Access to Electricity Database, https://data.
worldbank.org/indicator/eg.elc.accs.zs, viewed 25 April 2020, 
and from J. Rafalowicz, “Power for All Fact Sheet: Energy Access 
Target Tracker” (Power for All, 4 April 2017), https://www.
powerforall.org/application/files/4715/2385/7938/Energy_
Access_Target_Tracker_Fact_Sheet_April_2017.pdf.

21 Table R21 from the following sources: IEA, World Energy Outlook 
2019 Access to Clean Cooking Database, https://iea.blob.core.
windows.net/assets/b6baec29-6a12-40d6-8333-b89519660299/
WEO2019-Clean-Cooking-database.xlsx, viewed 25 April 2020; 
Rafalowicz, op. cit. note 20.

22 Table R22 from Frankfurt School–United Nations Environment 
Programme Centre for Climate & Sustainable Energy Finance and 
BloombergNEF, Global Trends in Renewable Energy Investment 2020 
(Frankfurt: May 2020).
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