
ENDNOTES · MARKETS AND INFRASTRUCTURE 03

market; A. Shpitsberg, “Corporate renewable procurement pushing 
solar and wind deployment”, HIS Markit, 27 September 2019, 
https://ihsmarkit.com/research-analysis/corporate-renewable-
procurement-pushing-solar-and-wind-deploym.html; S. Dunlop, 
Senior Policy Adviser, SolarPower Europe/RE-Source Platform, 
“Companies going for 100% renewables in Europe”, presentation, 
2019, https://www.renewable-ei.org/pdfdownload/activities/
Keynote_SoniaDunlop_EN.pdf; F. Simon, “Calls grow for EU-wide 
certificates to boost market for ‘green gas’”, Euractiv, 3 October 
2019, https://www.euractiv.com/section/energy/news/calls-grow-
for-eu-wide-certificates-to-boost-market-for-green-gas; Green 
Gas Certification Scheme, “Additionality”, https://www.greengas.
org.uk/certificates/additionality, viewed 16 December 2020.

53 United States from A. Rotatori and C. Bonugli, “Mapping out 
Charlotte’s lead on green tariffs”, GreenBiz, 5 March 2020, 
https://www.greenbiz.com/article/mapping-out-charlottes-lead-
green-tariffs. In Europe, the market is focused almost entirely on 
corporate purchases, from Simon, op. cit. note 52. 

54 US EPA, “Green power communities”, https://www.epa.gov/
greenpower/green-power-communities, updated 27 July 2020.

55 City of Charlotte, “Green Source Advantage Program – Solar 
Energy Project”, https://charlottenc.gov/sustainability/seap/
Pages/Green_Source_Advantage.aspx, viewed 17 December 
2020; City of Charlotte, “Strategic Energy Action Plan”, https://
charlottenc.gov/sustainability/seap/Pages/default.aspx, viewed  
17 December 2020.

56 Simon, op. cit. note 52.
57 Ibid.; M. Perez, “As demand for ‘green’ power soars 

utilities turn to Guarantees of Origin”, S&P Global Platts, 
7 August 2019, https://blogs.platts.com/2019/08/07/
eu-green-electricity-guarantees-of-origin. 

58 I. M. Poxton, “Borough buildings and street lights will switch to 
100% renewable energy”, Bedford Independent, 25 November 2020, 
https://www.bedfordindependent.co.uk/borough-buildings-and-
street-lights-to-run-on-100-green-renewable-energy-from-2021. 

59 See information and sources throughout this section.
60 Shaver, “Watch these 4 clean energy trends in U.S. cities in 2020”, 

op. cit. note 8; S. Enkhardt, “Europe has now 8.4 GW of planned 
and built PV projects under PPAs”, pv magazine, 29 January 
2020, https://www.pv-magazine.com/2020/01/29/europe-has-
now-8-4-gw-of-planned-and-built-pv-projects-under-ppas; M. 
Lempriere, “City of London Corporation signs first of its kind 
£40m PPA for Dorset solar site”, Solar Power Portal, 18 November 
2020, https://www.solarpowerportal.co.uk/news/city_of_london_
corporation_signs_first_of_its_kind_40m_ppa_for_dorset_solar.

61 See, for example: N. Filatoff, “Solar auctions to spread PV over 
the commercial landscape”, pv magazine, 28 September 2020, 
https://www.pv-magazine.com/2020/09/28/solar-auctions-to-
spread-pv-over-the-commercial-landscape; S. Djunisic, “Iberdrola 
signs corporate PPA for 100 MW of PV for on-site consumption”, 
Renewables Now, 29 July 2020, https://renewablesnow.com/
news/iberdrola-signs-corporate-ppa-for-100-mw-of-pv-for-on-
site-consumption-708114; Enel Green Power, “Enel Green Power 
connects a 51 MW wind farm to the grid in Cuenca”, press release 
(Cuenca: 7 August 2020), https://www.enelgreenpower.com/
media/press/2020/08/enel-green-power-connects-a-51-mw-
wind-farm-to-the-grid-in-cuenca. 

62 See information and sources throughout this section.
63 Data for beginning of 2015 through first quarter of 2020, from 

Gonçalves and Liu, op. cit. note 12.
64 Calculated based on data for transaction announcements made 

during 2019 and through 30 June 2020, including 56 off-site physical 
PPAs and one off-site virtual PPA, from S. Abbott et al., “Local 
Government Renewables Action Tracker”, https://cityrenewables.org/ 
local-government-renewables-action-tracker, viewed 6 October 2020.  
Transactions are defined as electricity purchases and deals linked 
to specific renewable energy projects; “local government” includes 
cities, counties and tribal governments.

65 City of Los Angeles, “Mayor Garcetti celebrates final approval of 
largest solar and energy storage project in America”, press release 
(Los Angeles: 6 November 2019), https://www.lamayor.org/mayor-
garcetti-celebrates-final-approval-largest-solar-and-energy-storage-
project-us; E. Misbrener, “8 Minute Solar Energy approved to build 
400-MW solar+storage project for City of Los Angeles”, Solar Power 
World, 10 September 2019, https://www.solarpowerworldonline.com/ 
2019/09/8minute-solar-energy-los-angeles-solar-storage.

66 Shaver, “Watch these 4 clean energy trends in U.S. cities in 2020”, 
op. cit. note 8; City of Cincinnati, “Cincinnati to construct nation’s 
largest solar project”, press release (Cincinnati, OH: 21 November 
2019), https://www.cincinnati-oh.gov/mayor/news/cincinnati-
to-construct-nation-s-largest-city-led-solar-project; W. Peischel, 
“The biggest municipal solar farm coming to...Cincinnati?”, 
Mother Jones, 10 February 2020, https://www.motherjones.com/
environment/2020/02/the-biggest-municipal-solar-farm-in-the-
us-is-coming-to-cincinnati; “Alabama Municipal Electric Authority 
signs 100-MW solar PPA”, Renewable Energy World, 29 May 2019, 
https://www.renewableenergyworld.com/2019/05/29/alabama-
municipal-electric-authority-signs-100mw-solar-ppa; C. Shahan, 
“New Sun Tribe solar project will cover 10% of Pennsylvania 
borough’s electricity use”, CleanTechnica, 30 May 2020, https://
cleantechnica.com/2020/05/30/new-sun-tribe-solar-project-will-
cover-10-of-pennsylvania-boroughs-electricity-use.

67 G. Holmes, “Major solar energy project begins operation in Central  
Florida”, Florida Municipal Electric Association, 30 June 2020, https:// 
www.publicpower.com/news/major-solar-energy-project-begins- 
operation-in-central-florida; E. Rosen, “2 new solar farms to deliver  
power to 6 Florida cities, including Orlando and Kissimmee”,  
MSN, 22 June 2020, https://www.msn.com/en-us/news/us/2-new- 
solar-farms-to-deliver-power-to-6-florida-cities-including-orlando- 
and-kissimmee/ar-BB15Q0PF. 

68 Rosen, op. cit. note 67.
69 Tenders Electronic Daily, “Place of performance (Map)”, https://

ted.europa.eu/TED/search/searchResult.do, viewed 12 December 
2020. CPV used: 09332000; 09331000; 09330000; 09331100; 
09331200; 45261215. 

70 London’s solar PPA will help save the City Corporation of London 
around GBP 3 million (USD 4.1 million) in energy costs over its 
lifetime, and provide half of its electricity demand. The PPA will 
help power buildings such as the Corporation’s historic Guildhall 
headquarters, three wholesale markets and the Barbican arts 
centre. From Lempriere, op. cit. note 60. Enel Green Power, op. cit. 
note 61; Reve, “Andberg wind farm finds power offtaker”, Renews,  
1 October 2019, https://renews.biz/55606/andberg-wind-farm-
finds-power-offtaker; EV Wind, “Wind energy in Sweden, First wind 
farm to utilize Nordex N149/5.X wind turbines”, 10 January 2020, 
https://www.evwind.es/2020/01/10/wind-energy-in-sweden-first-
wind-farm-to-utilize-nordex-n149-5-x-wind-turbines/73005. 

71 B. Coyne, “Bristol Airport switches to 100 per cent renewable 
power via Ørsted”, The Energyst, 13 September 2019, 
https://theenergyst.com/bristol-airport-switches-to-100-
per-cent-renewable-power-via-orsted; S. Djunisic, “Bristol 
Energy inks PPA with Thrive for 3.55 MW of wind turbines”, 
Renewables Now, 24 July 2019, https://renewablesnow.com/
news/bristol-energy-inks-ppa-with-thrive-for-355-mw-
of-wind-turbines-662749; A. Durakovic, “German airport 
operator seeks offshore wind power”, Offshore WIND, 8 
June 2020, https://www.offshorewind.biz/2020/06/08/
german-airport-operator-seeks-offshore-wind-power.

72 M. Maisch, “City of Adelaide switches to 100% renewable 
electricity”, pv magazine, 1 July 2020, https://www.
pv-magazine-australia.com/2020/07/01/city-of-adelaide-
switches-to-100-renewable-electricity; A. Danigelis, “City of 
Adelaide powers operations with 100% renewable energy”, 
Environment + Energy Leader, 2 July 2020, https://www.
environmentalleader.com/2020/07/adelaide-renewable-
energy-operations; City of Melbourne, “Melbourne Renewable 
Energy Project: A new generation of energy”, https://www.
melbourne.vic.gov.au/business/sustainable-business/mrep/
Pages/melbourne-renewable-energy-project.aspx, viewed 17 
December 2020; Energetics, “Melbourne Renewable Energy 
Project 2.0”, July 2020, https://www.energetics.com.au/projects/
melbourne-renewable-energy-project-20.

73 S. Wray, “Sydney switches to 100 percent renewable energy”, 
CitiesToday, 6 July 2020, https://cities-today.com/sydney-
switches-to-100-percent-renewable-energy; City of Sydney, 
“5 things to know about our electricity deal”, https://news.
cityofsydney.nsw.gov.au/articles/5-things-to-know-about-
our-electricity-deal, viewed 8 February 2021. See also S. 
Hanley, “City of Sydney goes 100% renewable”, CleanTechnica, 
3 July 2020, https://cleantechnica.com/2020/07/03/
city-of-sydney-goes-100-renewable.

74 See, for example: I. B. Ruiz “Cities leading the transition to 
renewables”, DW, 9 March 2018, https://www.dw.com/en/cities-
leading-the-transition-to-renewables/a-42850621; L. Shaver and 

181

https://www.greentechmedia.com/articles/read/texas-is-the-center-of-the-global-corporate-renewable-energy-market
https://ihsmarkit.com/research-analysis/corporate-renewable-procurement-pushing-solar-and-wind-deploym.html
https://ihsmarkit.com/research-analysis/corporate-renewable-procurement-pushing-solar-and-wind-deploym.html
https://www.renewable-ei.org/pdfdownload/activities/Keynote_SoniaDunlop_EN.pdf
https://www.renewable-ei.org/pdfdownload/activities/Keynote_SoniaDunlop_EN.pdf
https://www.euractiv.com/section/energy/news/calls-grow-for-eu-wide-certificates-to-boost-market-for-green-gas
https://www.euractiv.com/section/energy/news/calls-grow-for-eu-wide-certificates-to-boost-market-for-green-gas
https://www.greengas.org.uk/certificates/additionality
https://www.greengas.org.uk/certificates/additionality
https://www.greenbiz.com/article/mapping-out-charlottes-lead-green-tariffs
https://www.greenbiz.com/article/mapping-out-charlottes-lead-green-tariffs
https://www.epa.gov/greenpower/green-power-communities
https://www.epa.gov/greenpower/green-power-communities
https://charlottenc.gov/sustainability/seap/Pages/Green_Source_Advantage.aspx
https://charlottenc.gov/sustainability/seap/Pages/Green_Source_Advantage.aspx
https://charlottenc.gov/sustainability/seap/Pages/default.aspx
https://charlottenc.gov/sustainability/seap/Pages/default.aspx
https://blogs.platts.com/2019/08/07/eu-green-electricity-guarantees-of-origin
https://blogs.platts.com/2019/08/07/eu-green-electricity-guarantees-of-origin
https://www.bedfordindependent.co.uk/borough-buildings-and-street-lights-to-run-on-100-green-renewable-energy-from-2021
https://www.bedfordindependent.co.uk/borough-buildings-and-street-lights-to-run-on-100-green-renewable-energy-from-2021
https://www.pv-magazine.com/2020/01/29/europe-has-now-8-4-gw-of-planned-and-built-pv-projects-under-ppas
https://www.pv-magazine.com/2020/01/29/europe-has-now-8-4-gw-of-planned-and-built-pv-projects-under-ppas
https://www.solarpowerportal.co.uk/news/city_of_london_corporation_signs_first_of_its_kind_40m_ppa_for_dorset_solar
https://www.solarpowerportal.co.uk/news/city_of_london_corporation_signs_first_of_its_kind_40m_ppa_for_dorset_solar
https://www.pv-magazine.com/2020/09/28/solar-auctions-to-spread-pv-over-the-commercial-landscape
https://www.pv-magazine.com/2020/09/28/solar-auctions-to-spread-pv-over-the-commercial-landscape
https://renewablesnow.com/news/iberdrola-signs-corporate-ppa-for-100-mw-of-pv-for-on-site-consumption-708114
https://renewablesnow.com/news/iberdrola-signs-corporate-ppa-for-100-mw-of-pv-for-on-site-consumption-708114
https://renewablesnow.com/news/iberdrola-signs-corporate-ppa-for-100-mw-of-pv-for-on-site-consumption-708114
https://www.enelgreenpower.com/media/press/2020/08/enel-green-power-connects-a-51-mw-wind-farm-to-the-grid-in-cuenca
https://www.enelgreenpower.com/media/press/2020/08/enel-green-power-connects-a-51-mw-wind-farm-to-the-grid-in-cuenca
https://www.enelgreenpower.com/media/press/2020/08/enel-green-power-connects-a-51-mw-wind-farm-to-the-grid-in-cuenca
https://cityrenewables.org/local-government-renewables-action-tracker
https://cityrenewables.org/local-government-renewables-action-tracker
https://www.lamayor.org/mayor-garcetti-celebrates-final-approval-largest-solar-and-energy-storage-project-us
https://www.lamayor.org/mayor-garcetti-celebrates-final-approval-largest-solar-and-energy-storage-project-us
https://www.lamayor.org/mayor-garcetti-celebrates-final-approval-largest-solar-and-energy-storage-project-us
https://www.solarpowerworldonline.com/2019/09/8minute-solar-energy-los-angeles-solar-storage
https://www.solarpowerworldonline.com/2019/09/8minute-solar-energy-los-angeles-solar-storage
https://www.cincinnati-oh.gov/mayor/news/cincinnati-to-construct-nation-s-largest-city-led-solar-project
https://www.cincinnati-oh.gov/mayor/news/cincinnati-to-construct-nation-s-largest-city-led-solar-project
https://www.motherjones.com/environment/2020/02/the-biggest-municipal-solar-farm-in-the-us-is-coming-to-cincinnati
https://www.motherjones.com/environment/2020/02/the-biggest-municipal-solar-farm-in-the-us-is-coming-to-cincinnati
https://www.motherjones.com/environment/2020/02/the-biggest-municipal-solar-farm-in-the-us-is-coming-to-cincinnati
https://www.renewableenergyworld.com/2019/05/29/alabama-municipal-electric-authority-signs-100mw-solar-ppa
https://www.renewableenergyworld.com/2019/05/29/alabama-municipal-electric-authority-signs-100mw-solar-ppa
https://cleantechnica.com/2020/05/30/new-sun-tribe-solar-project-will-cover-10-of-pennsylvania-boroughs-electricity-use
https://cleantechnica.com/2020/05/30/new-sun-tribe-solar-project-will-cover-10-of-pennsylvania-boroughs-electricity-use
https://cleantechnica.com/2020/05/30/new-sun-tribe-solar-project-will-cover-10-of-pennsylvania-boroughs-electricity-use
https://www.publicpower.com/news/major-solar-energy-project-begins-operation-in-central-florida
https://www.publicpower.com/news/major-solar-energy-project-begins-operation-in-central-florida
https://www.publicpower.com/news/major-solar-energy-project-begins-operation-in-central-florida
https://www.msn.com/en-us/news/us/2-new-solar-farms-to-deliver-power-to-6-florida-cities-including-orlando-and-kissimmee/ar-BB15Q0PF
https://www.msn.com/en-us/news/us/2-new-solar-farms-to-deliver-power-to-6-florida-cities-including-orlando-and-kissimmee/ar-BB15Q0PF
https://www.msn.com/en-us/news/us/2-new-solar-farms-to-deliver-power-to-6-florida-cities-including-orlando-and-kissimmee/ar-BB15Q0PF
https://ted.europa.eu/TED/search/searchResult.do
https://ted.europa.eu/TED/search/searchResult.do
https://renews.biz/55606/andberg-wind-farm-finds-power-offtaker
https://renews.biz/55606/andberg-wind-farm-finds-power-offtaker
https://www.evwind.es/2020/01/10/wind-energy-in-sweden-first-wind-farm-to-utilize-nordex-n149-5-x-wind-turbines/73005
https://www.evwind.es/2020/01/10/wind-energy-in-sweden-first-wind-farm-to-utilize-nordex-n149-5-x-wind-turbines/73005
https://theenergyst.com/bristol-airport-switches-to-100-per-cent-renewable-power-via-orsted
https://theenergyst.com/bristol-airport-switches-to-100-per-cent-renewable-power-via-orsted
https://renewablesnow.com/news/bristol-energy-inks-ppa-with-thrive-for-355-mw-of-wind-turbines-662749
https://renewablesnow.com/news/bristol-energy-inks-ppa-with-thrive-for-355-mw-of-wind-turbines-662749
https://renewablesnow.com/news/bristol-energy-inks-ppa-with-thrive-for-355-mw-of-wind-turbines-662749
https://www.offshorewind.biz/2020/06/08/german-airport-operator-seeks-offshore-wind-power
https://www.offshorewind.biz/2020/06/08/german-airport-operator-seeks-offshore-wind-power
https://www.pv-magazine-australia.com/2020/07/01/city-of-adelaide-switches-to-100-renewable-electricity
https://www.pv-magazine-australia.com/2020/07/01/city-of-adelaide-switches-to-100-renewable-electricity
https://www.pv-magazine-australia.com/2020/07/01/city-of-adelaide-switches-to-100-renewable-electricity
https://www.environmentalleader.com/2020/07/adelaide-renewable-energy-operations
https://www.environmentalleader.com/2020/07/adelaide-renewable-energy-operations
https://www.environmentalleader.com/2020/07/adelaide-renewable-energy-operations
https://www.melbourne.vic.gov.au/business/sustainable-business/mrep/Pages/melbourne-renewable-energy-project.aspx
https://www.melbourne.vic.gov.au/business/sustainable-business/mrep/Pages/melbourne-renewable-energy-project.aspx
https://www.melbourne.vic.gov.au/business/sustainable-business/mrep/Pages/melbourne-renewable-energy-project.aspx
https://www.energetics.com.au/projects/melbourne-renewable-energy-project-20
https://www.energetics.com.au/projects/melbourne-renewable-energy-project-20
https://cities-today.com/sydney-switches-to-100-percent-renewable-energy
https://cities-today.com/sydney-switches-to-100-percent-renewable-energy
https://news.cityofsydney.nsw.gov.au/articles/5-things-to-know-about-our-electricity-deal
https://news.cityofsydney.nsw.gov.au/articles/5-things-to-know-about-our-electricity-deal
https://news.cityofsydney.nsw.gov.au/articles/5-things-to-know-about-our-electricity-deal
https://cleantechnica.com/2020/07/03/city-of-sydney-goes-100-renewable
https://cleantechnica.com/2020/07/03/city-of-sydney-goes-100-renewable
https://www.dw.com/en/cities-leading-the-transition-to-renewables/a-42850621
https://www.dw.com/en/cities-leading-the-transition-to-renewables/a-42850621


ENDNOTES · MARKETS AND INFRASTRUCTURE 03

H. House, “INSIDER: Beyond buying renewables: How cities can 
influence the energy system”, WRI Blog, 27 July 2020, https://
www.wri.org/blog/2020/07/insider-beyond-buying-renewables-
how-cities-can-influence-energy-system; Duncan and Bonugli, 
op. cit. note 9.

75 Sustainable Energy Africa (SEA), State of Energy in South African 
Cities Report 2020 (Cape Town: 2020), http://www.cityenergy.org.
za/uploads/resource_508.pdf; Business Insider South Africa, “Big 
breakthrough: Some municipalities can now generate their own 
electricity”, 16 October 2020, https://www.businessinsider.co.za/
some-municipalities-can-procure-their-own-electricity-2020-10.

76 Ibid.
77 See, for example: J. Duncan, “A new era for local governments 

and public utility commissions: The city perspective”, IMT, 9 July 
2019, https://www.imt.org/a-new-era-for-local-governments-
and-public-utility-commissions-the-city-perspective; Shaver and 
House, op. cit. note 74.

78 D. Ribeiro et al., The 2020 City Clean Energy Scorecard 
(Washington, DC: American Council for an Energy-Efficient 
Economy, October 2020), p. 29, https://www.aceee.org/sites/
default/files/pdfs/u2008.pdf.

79 C. Etter-Wenzel and L. Shaver, “Despite challenges, Virginia cities 
envision a bold clean energy future”, WRI Blog, 29 August 2019, 
https://www.wri.org/blog/2019/08/despite-challenges-virginia-
cities-envision-bold-clean-energy-future. 

80 M. Banker, S. Abbott and A. Rotatori, “The Clean Economy Act 
is a breakthrough for Virginia and the South”, Rocky Mountain 
Institute (RMI), 15 April 2020, https://rmi.org/the-clean-economy-
act-is-a-breakthrough-for-virginia-and-the-south. 

81 See, for example, K. Uhlenhuth, “Kansas City clean energy goals 
could get a boost from utility partnership”, Energy News Network,  
3 May 2018, https://energynews.us/2018/05/03/midwest/kansas-
city-clean-energy-goals-could-get-a-boost-from-utility-partnership. 

82 S. Abbott, “What good are city clean-energy targets?” RMI,  
12 August 2019, https://rmi.org/what-good-are-city-clean-
energy-targets; Duncan and Bonugli, op. cit. note 9.

83 Minneapolis Clean Energy Partnership, “About the partnership”, 
https://mplscleanenergypartnership.org/about, viewed 17 December 
2020. In 2018, Kansas City (Missouri) was working with local utility to 
achieve several of its clean energy goals; the city aims to set example 
for local businesses and institutions to follow. From Uhlenhuth, 
op. cit. note 81. See also Abbott, op. cit. note 82.

84 Duncan and Bonugli, op. cit. note 9. Breckenridge, Colorado 
also entered into a memorandum of understanding with Xcel 
in 2018 to achieve its 100% renewable goal, from Town of 
Breckenridge, “Town of Breckenridge approves a Memorandum 
of Understanding with Xcel Energy”, press release (Breckenridge, 
CO: 24 January 2018), https://www.townofbreckenridge.com/
Home/Components/News/News/1932.

85 Salt Lake City, “Utah communities celebrate landmark renewable 
energy legislation”, SLC Blog, 22 April 2019, https://www.slc.
gov/blog/2019/04/22/utah-communities-celebrate-landmark-
renewable-energy-legislation. Salt Lake City and Park City both set 
100% clean energy commitments in 2016, from Abbott, op. cit. note 
82. See also J. Van Horn, “Salt Lake City announces 100% clean 
energy goal”, Sierra Club, 15 July 2016, https://www.sierraclub.org/
compass/2016/07/salt-lake-city-announces-100-clean-energy-goal, 
and The Climate Reality Project, “Park City signs 100% renewable 
electricity pledge”, EcoWatch, 11 October 2016, https://www.
ecowatch.com/park-city-utah-renewable-energy-2040100564.html. 

86 I. García and D. Khandke, Cities and Civil Society as Allies for the 
Energy Transition (Washington, DC: German Marshall Fund of 
the United States, 2019), https://www.gmfus.org/sites/default/
files/Energy%20Allies.pdf; SWM, “SWM: A company for Munich”, 
https://www.swm.de/english/company, viewed 15 December 2020.

87 Siemens Gamesa, “DanTysk for Munich”, https://www.
siemensgamesa.com/en-int/explore/customer-references/
dantysk-offshore-wind-farm, viewed 15 December 2020. 

88 Abbott, op. cit. note 82; J. Farrell, “Voices of 100%: Michigan city 
sets steady pace to a clean electricity goal”, CleanTechnica, 4 
May 2020, https://cleantechnica.com/2020/05/04/voices-of-100-
michigan-city-sets-steady-pace-to-a-clean-electricity-goal. 

89 M. Motyka, “Renewables (em)power smart cities”, Deloitte, 5 
March 2019, https://www2.deloitte.com/xe/en/insights/industry/
power-and-utilities/smart-renewable-cities-wind-solar.html.

90 See Citizen Participation chapter for more information and 
sources. Cities that have debated municipalisation include, for 
example, Boulder (Colorado), from “‘Municipalization’ of the 
Boulder electric utility: What happens when aspirational policy 
goals and complex realities collide – and a lesson for others”, 
Velocity Public Affairs, 3 April 2019, https://velocitypublicaffairs.
com/2019/04/03/municipalization-of-the-boulder-electric-utility-
what-happens-when-aspirational-policy-goals-and-complex-
realities-collide-and-a-lesson-for-others, and Chicago (Illinois), 
from Office of the Mayor, “City of Chicago releases findings of 
preliminary municipal utility feasibility study: Study finds that 
municipalization of electric utility is not financially viable”, press 
release (Chicago, IL: 28 August 2020), https://www.chicago.
gov/city/en/depts/mayor/press_room/press_releases/2020/
august/MunicipalUtilityFeasibilityStudy.html. See also L. Ambort, 
“Spreading like wildfire: An interest in making electric power 
public”, Institute for Local Self-Reliance, 5 March 2020, https://
ilsr.org/municipalization-electric-utilities-update-2020. 

91 Barcelona Energia, “Barcelona Energia, the metropolitan 
electricity company”, https://energia.barcelona/en/barcelona-
energia-municipal-electricity-company, viewed 17 December 
2020.

92 Ibid.; Transformative Cities, “Barcelona Energia”, https://
transformativecities.org/atlas/atlas-013, viewed 17 December 
2020; Ajuntament de Barcelona, “Barcelona Energia flicks 
the switch”, press release (Barcelona: 30 June 2018), https://
www.barcelona.cat/infobarcelona/en/tema/environment-and-
sustainability/barcelona-energia-flicks-the-switch_683855.html.

93 Barcelona Energia, op. cit. note 91; Ajuntament de Barcelona, op. 
cit. note 92. 

94 S. Becker, M. Naumann and T. Moss, “Between coproduction 
and commons: Understanding initiatives to reclaim urban energy 
provision in Berlin and Hamburg”, Urban Research & Practice, 
vol. 10, no. 1 (2017), pp. 63-85, https://www.tandfonline.com/doi/
abs/10.1080/17535069.2016.1156735; D. Q. Ilkhani and E. Woertz, 
Remunicipalisation of Local Energy Provision: The Role of Cities and 
Bottom-up Initiatives (Barcelona: CIDOB, May 2019), https://www.
cidob.org/en/publications/publication_series/cidob_policy_brief/
remunicipalisation_of_local_energy_provision_the_role_of_cities_
and_bottom_up_initiatives; Transnational Institute et al., Reclaiming 
Public Services: How Cities and Citizens Are Turning Back 
Privatization (Amsterdam and Paris: June 2017), https://www.tni.org/ 
files/publication-downloads/reclaiming_public_services.pdf; C. 
Morehouse, “Chicago considers municipalizing ComEd”, Utility Dive, 
25 July 2019, https://www.utilitydive.com/news/chicago-considers-
municipalizing-comed/559505; City of Chicago, Office of the 
Mayor, “City of Chicago releases findings of preliminary municipal 
utility feasibility study”, press release (Chicago, IL: 28 August 2020), 
https://www.chicago.gov/city/en/depts/mayor/press_room/
press_releases/2020/august/MunicipalUtilityFeasibilityStudy.html; 
G. Bade, “San Francisco considering municipal utility as PG&E 
prepares bankruptcy filing”, Utility Dive, 15 January 2019, https://
www.utilitydive.com/news/san-francisco-considering-municipal-
utility-as-pge-prepares-bankruptcy-fil/546087.

95 Total electricity share based on estimated global electricity 
generation of 27,000 TWh in 2019, from REN21, op. cit. note 5, 
p. 47; K. C. Seto et al., “Human settlements, infrastructure and 
spatial planning”, in O. Edenhofer et al., eds., Climate Change 2014: 
Mitigation of Climate Change. Contribution of Working Group III 
to the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change (Cambridge, UK and New York, NY: Cambridge 
University Press, 2014), https://www.ipcc.ch/site/assets/
uploads/2018/02/ipcc_wg3_ar5_chapter12.pdf.

96 Estimate of 27.3% from Ibid., p. 47.
97 CDP-ICLEI Unified Reporting System, “Cities renewable energy 

targets”, https://data.cdp.net/browse?category=Renewable%20
Energy, viewed 4 January 2021.

98 Ibid.
99 Ibid.
100 US Department of Energy, Energy Information Administration, 

Electric Power Monthly with Data for December 2020 (Washington, 
DC: February 2021), https://www.eia.gov/electricity/monthly/
archive/February2021.pdf.

101 CDP, CDP Cities 2017 Information Request: City of Houston,  
12 June 2017, www.greenhoustontx.gov/reports/CDP-Cities-2017.
pdf; City of Houston, Resilient Houston (Houston, TX: February 
2020), www.greenhoustontx.gov/reports/Resilient-Houston.pdf;  

182

https://www.wri.org/blog/2020/07/insider-beyond-buying-renewables-how-cities-can-influence-energy-system
https://www.wri.org/blog/2020/07/insider-beyond-buying-renewables-how-cities-can-influence-energy-system
https://www.wri.org/blog/2020/07/insider-beyond-buying-renewables-how-cities-can-influence-energy-system
http://www.cityenergy.org.za/uploads/resource_508.pdf
http://www.cityenergy.org.za/uploads/resource_508.pdf
https://www.businessinsider.co.za/some-municipalities-can-procure-their-own-electricity-2020-10
https://www.businessinsider.co.za/some-municipalities-can-procure-their-own-electricity-2020-10
https://www.imt.org/a-new-era-for-local-governments-and-public-utility-commissions-the-city-perspective
https://www.imt.org/a-new-era-for-local-governments-and-public-utility-commissions-the-city-perspective
https://www.aceee.org/sites/default/files/pdfs/u2008.pdf
https://www.aceee.org/sites/default/files/pdfs/u2008.pdf
https://www.wri.org/blog/2019/08/despite-challenges-virginia-cities-envision-bold-clean-energy-future
https://www.wri.org/blog/2019/08/despite-challenges-virginia-cities-envision-bold-clean-energy-future
https://rmi.org/the-clean-economy-act-is-a-breakthrough-for-virginia-and-the-south
https://rmi.org/the-clean-economy-act-is-a-breakthrough-for-virginia-and-the-south
https://energynews.us/2018/05/03/midwest/kansas-city-clean-energy-goals-could-get-a-boost-from-utility-partnership
https://energynews.us/2018/05/03/midwest/kansas-city-clean-energy-goals-could-get-a-boost-from-utility-partnership
https://rmi.org/what-good-are-city-clean-energy-targets
https://rmi.org/what-good-are-city-clean-energy-targets
https://mplscleanenergypartnership.org/about
https://www.townofbreckenridge.com/Home/Components/News/News/1932
https://www.townofbreckenridge.com/Home/Components/News/News/1932
https://www.slc.gov/blog/2019/04/22/utah-communities-celebrate-landmark-renewable-energy-legislation
https://www.slc.gov/blog/2019/04/22/utah-communities-celebrate-landmark-renewable-energy-legislation
https://www.slc.gov/blog/2019/04/22/utah-communities-celebrate-landmark-renewable-energy-legislation
https://www.sierraclub.org/compass/2016/07/salt-lake-city-announces-100-clean-energy-goal
https://www.sierraclub.org/compass/2016/07/salt-lake-city-announces-100-clean-energy-goal
https://www.ecowatch.com/park-city-utah-renewable-energy-2040100564.html
https://www.ecowatch.com/park-city-utah-renewable-energy-2040100564.html
https://www.gmfus.org/sites/default/files/Energy%20Allies.pdf
https://www.gmfus.org/sites/default/files/Energy%20Allies.pdf
https://www.swm.de/english/company
https://www.siemensgamesa.com/en-int/explore/customer-references/dantysk-offshore-wind-farm
https://www.siemensgamesa.com/en-int/explore/customer-references/dantysk-offshore-wind-farm
https://www.siemensgamesa.com/en-int/explore/customer-references/dantysk-offshore-wind-farm
https://cleantechnica.com/2020/05/04/voices-of-100-michigan-city-sets-steady-pace-to-a-clean-electricity-goal
https://cleantechnica.com/2020/05/04/voices-of-100-michigan-city-sets-steady-pace-to-a-clean-electricity-goal
https://www2.deloitte.com/xe/en/insights/industry/power-and-utilities/smart-renewable-cities-wind-solar.html
https://www2.deloitte.com/xe/en/insights/industry/power-and-utilities/smart-renewable-cities-wind-solar.html
https://velocitypublicaffairs.com/2019/04/03/municipalization-of-the-boulder-electric-utility-what-happens-when-aspirational-policy-goals-and-complex-realities-collide-and-a-lesson-for-others
https://velocitypublicaffairs.com/2019/04/03/municipalization-of-the-boulder-electric-utility-what-happens-when-aspirational-policy-goals-and-complex-realities-collide-and-a-lesson-for-others
https://velocitypublicaffairs.com/2019/04/03/municipalization-of-the-boulder-electric-utility-what-happens-when-aspirational-policy-goals-and-complex-realities-collide-and-a-lesson-for-others
https://velocitypublicaffairs.com/2019/04/03/municipalization-of-the-boulder-electric-utility-what-happens-when-aspirational-policy-goals-and-complex-realities-collide-and-a-lesson-for-others
https://www.chicago.gov/city/en/depts/mayor/press_room/press_releases/2020/august/MunicipalUtilityFeasibilityStudy.html
https://www.chicago.gov/city/en/depts/mayor/press_room/press_releases/2020/august/MunicipalUtilityFeasibilityStudy.html
https://www.chicago.gov/city/en/depts/mayor/press_room/press_releases/2020/august/MunicipalUtilityFeasibilityStudy.html
https://ilsr.org/municipalization-electric-utilities-update-2020
https://ilsr.org/municipalization-electric-utilities-update-2020
https://energia.barcelona/en/barcelona-energia-municipal-electricity-company
https://energia.barcelona/en/barcelona-energia-municipal-electricity-company
https://transformativecities.org/atlas/atlas-013
https://transformativecities.org/atlas/atlas-013
https://www.barcelona.cat/infobarcelona/en/tema/environment-and-sustainability/barcelona-energia-flicks-the-switch_683855.html
https://www.barcelona.cat/infobarcelona/en/tema/environment-and-sustainability/barcelona-energia-flicks-the-switch_683855.html
https://www.barcelona.cat/infobarcelona/en/tema/environment-and-sustainability/barcelona-energia-flicks-the-switch_683855.html
https://www.tandfonline.com/doi/abs/10.1080/17535069.2016.1156735
https://www.tandfonline.com/doi/abs/10.1080/17535069.2016.1156735
https://www.cidob.org/en/publications/publication_series/cidob_policy_brief/remunicipalisation_of_local_energy_provision_the_role_of_cities_and_bottom_up_initiatives
https://www.cidob.org/en/publications/publication_series/cidob_policy_brief/remunicipalisation_of_local_energy_provision_the_role_of_cities_and_bottom_up_initiatives
https://www.cidob.org/en/publications/publication_series/cidob_policy_brief/remunicipalisation_of_local_energy_provision_the_role_of_cities_and_bottom_up_initiatives
https://www.cidob.org/en/publications/publication_series/cidob_policy_brief/remunicipalisation_of_local_energy_provision_the_role_of_cities_and_bottom_up_initiatives
https://www.tni.org/files/publication-downloads/reclaiming_public_services.pdf
https://www.tni.org/files/publication-downloads/reclaiming_public_services.pdf
https://www.utilitydive.com/news/chicago-considers-municipalizing-comed/559505
https://www.utilitydive.com/news/chicago-considers-municipalizing-comed/559505
https://www.chicago.gov/city/en/depts/mayor/press_room/press_releases/2020/august/MunicipalUtilityFeasibilityStudy.html
https://www.chicago.gov/city/en/depts/mayor/press_room/press_releases/2020/august/MunicipalUtilityFeasibilityStudy.html
https://www.utilitydive.com/news/san-francisco-considering-municipal-utility-as-pge-prepares-bankruptcy-fil/546087
https://www.utilitydive.com/news/san-francisco-considering-municipal-utility-as-pge-prepares-bankruptcy-fil/546087
https://www.utilitydive.com/news/san-francisco-considering-municipal-utility-as-pge-prepares-bankruptcy-fil/546087
https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter12.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter12.pdf
https://data.cdp.net/browse?category=Renewable%20Energy
https://data.cdp.net/browse?category=Renewable%20Energy
https://www.eia.gov/electricity/monthly/archive/February2021.pdf
https://www.eia.gov/electricity/monthly/archive/February2021.pdf
http://www.greenhoustontx.gov/reports/CDP-Cities-2017.pdf
http://www.greenhoustontx.gov/reports/CDP-Cities-2017.pdf
http://www.greenhoustontx.gov/reports/Resilient-Houston.pdf


ENDNOTES · MARKETS AND INFRASTRUCTURE 03

City of Houston, “The City of Houston commits to 100% renewable 
energy”, press release (Houston, TX: 30 April 2020), http://www.
greenhoustontx.gov/pressrelease20200430.html.

102 Austin Energy, “Renewable power generation”, https://
austinenergy.com/ae/about/environment/renewable-power-
generation, viewed 30 November 2020; 37.5% in 2018 from  
CDP data received October 2020.

103 REN21 Policy Database (2020), available at www.ren21.net/cities/
datapack. Data are compiled by REN21 and based on CDP-ICLEI 
Unified Reporting System, CDP Open Data, The Global 100% 
Renewable Energy Platform, Climate Action Network, C40, ICLEI, 
IRENA, Sierra Club, UK100 and REN21 data collection. Some 
research is based on voluntary reporting and therefore may 
not be exhaustive. See also M. Navarro, “City issues rule to ban 
dirtiest oils at buildings”, New York Times, 21 April 2019, https://
www.nytimes.com/2011/04/22/nyregion/new-york-city-bans-
dirtiest-heating-oils-at-buildings.html.

104 Based on IRENA, op. cit. note 4.
105 Solvay, “One Planet: Solvay Asia is getting a renewable 

energy boost!” 27 February 2020, https://www.solvay.com/
en/article/one-planet-solvay-asia-getting-renewable-
energy-boost; Solvay, “Powering up with increasingly green 
energy”, 21 February 2019, https://www.solvay.com/en/
article/increasing-green-energy; B. Epp, “Demand for central 
solar water heating peaks in 2019”, solarthermalworld.org, 
23 March 2020, https://www.solarthermalworld.org/news/
demand-central-solar-water-heating-peaks-2019.

106 B. Epp, “50 new solar hot water systems at Turkish prisons in 
three years”, solarthermalworld.org, 22 August 2020, https://
www.solarthermalworld.org/news/50-new-solar-hot-water-
systems-turkish-prisons-three-years. 

107 Sonnenhaus Institut, “Erstes Mehrfamilien-Sonnenhaus in 
Regensburg ist bezugsfertig”, 4 December 2020, https://www.
sonnenhaus-institut.de/erstes-mehrfamilien-sonnenhaus-in-
regensburg-ist-bezugsfertig.html; Sonnenhaus Institut, “Ein 
Sonnensegel für das Mehrfamilien-Sonnenhaus”, 4 December 
2020, https://www.sonnenhaus-institut.de/ein-sonnensegel-fuer-
das-mehrfamilien-sonnenhaus.html.

108 IEA, “Section updates heat pumps”, https://www.iea.org/reports/
heat-pumps, viewed 4 October 2020.

109 REN21, op. cit. note 5, Chapter 6.
110 Heat output from J. W. Lund and A. N. Toth, “Direct utilization of 

geothermal energy 2020 worldwide review”, Proceedings World 
Geothermal Congress 2020, Reykjavik, Iceland, 26 April - 2 May 
2020, https://www.geothermal-energy.org/pdf/IGAstandard/
WGC/2020/01018.pdf.

111 CIBSE Journal, “Oxford’s balancing act: city smart grid with 
ground source heat pumps”, October 2020, https://www.
cibsejournal.com/technical/oxfords-balancing-act-city-smart-
grid-with-ground-source-heat-pumps.

112 Ibid.
113 D. Thorpe, “The town that saves millions on heating costs with 

a water source heat pump”, Smart Cities Dive, https://www.
smartcitiesdive.com/ex/sustainablecitiescollective/town-saves-
millions-heating-costs-water-source-heat-pump/1055631, viewed 
7 November 2020; Star Renewable Energy, “Star Renewable 
Energy provides Scotland’s largest water source heat pump for 
district heating”, 15 May 2019, http://www.neatpumps.com/news/
star-renewable-energy-provides-scotland%E2%80%99s-largest-
water-source-heat-pump-for-district-heating.aspx.

114 HeatSmart, “Commercial HeatSmart: Case studies”, 2020, https://
sustainablewestchester.org/wp-content/uploads/2020/05/
Heatsmart-case-studies-2020.pdf.

115 V. Spasić, “Decarbonisation is next step in development of district 
heating, cooling systems”, Balkan Green Energy News, 6 December 
2019, https://balkangreenenergynews.com/decarbonization-is-
next-in-development-of-district-heating-cooling-systems.

116 IRENA, IEA and REN21, Renewable Energy Policies in a Time 
of Transition: Heating and Cooling (Paris: 2020), https://www.
irena.org/-/media/Files/IRENA/Agency/Publication/2020/Nov/
IRENA_IEA_REN21_Policies_Heating_Cooling_2020.pdf.

117 IEA, Renewables 2019: Market Analysis and Forecast from 2019 to 
2024 (Paris: 2019), https://www.iea.org/reports/renewables-2019.

118 IEA, “How can district heating help decarbonize the heat 
sector by 2024?”, 21 October 2019, https://www.iea.org/

articles/how-can-district-heating-help-decarbonise-the-heat-
sector-by-2024. 

119 Ibid.
120 Association of European Renewable Energy Research Centers, 

https://eurec.be, viewed 4 January 2020.
121 S. Werner, “International review of district heating and cooling”, 

Energy, vol. 137 (15 October 2017), pp. 617-31, http://www.
sciencedirect.com/science/article/pii/S036054421730614X.

122 IEA, World Energy Statistics and Balances, 2020 
Edition (Paris: 2020), https://webstore.iea.org/
world-energy-balances-overview-2020-edition. 

123 Euroheat & Power, “Country report Iceland”, https://www.
euroheat.org, viewed 30 September 2020; N. Calcea, “Europe 
makes progress integrating renewables in district heating”, 
Energy Monitor, 16 September 2020, https://energymonitor.ai/
sector/heating-cooling/europe-makes-progress-integrating-
renewables-in-district-heating; Euroheat & Power, “District 
energy in Iceland”, https://www.euroheat.org/knowledge-hub/
district-energy-iceland, viewed 27 January 2021.

124 IEA, op. cit. note 122. Figure 13 based on data from idem.
125 Calcea, op. cit. note 123; World Bioenergy Association (WBA), Global 

Bioenergy Statistics 2019 (Brussels: 2019), https://worldbioenergy.org/ 
uploads/191129%20WBA%20GBS%202019_HQ.pdf.

126 WBA, op. cit. note 125.
127 Smart Together, “The largest biomass power plant in France: An 

exemplary partnership between the Métropole de Lyon, ADEME 
and Dalkia”, 28 May 2019, https://www.smarter-together.eu/news/
largest-biomass-power-plant-france-exemplary-partnership-between-
metropole-de-lyon-ademe-and; Dalkia, “La chaufferie biomasse de 
Surville: un partenariat exemplaire entre la Métropole de Lyon, l’ADEME 
et Dalkia”, https://www.dalkia.fr/fr/espace-presse/communique-de-
presse/chaufferie-biomasse-surville, viewed 22 December 2020.

128 B. Epp, “15 MW SDH plant inaugurated in Latvia”, 
solarthermalworld.org, 27 October 2019, https://www.
solarthermalworld.org/news/15-mw-sdh-plant-inaugurated-latvia.

129 IEA Solar Heating & Cooling Programme, Solar Heat Worldwide 
2020 (Paris: 2020), https://www.iea-shc.org/solar-heat-worldwide; 
Fortum, “District heating in Oslo”, https://www.fortum.com/district-
heating-oslo, viewed 27 January 2021. 

130 REN21, op. cit. note 5.
131 IEA Solar Heating & Cooling Programme Task 55, Solar Heat for 

Cities: The Sustainable Solution for District Heating (Paris: 2019), 
https://task55.iea-shc.org/Data/Sites/1/publications/Solar-Heat-
for-Cities--The-Sustainable-Solution-for-District-Heating.pdf. 

132 IEA Solar Heating & Cooling Programme, “Germany country 
report”, https://www.iea-shc.org/countries/germany/report, 
viewed 21 December 2020.

133 REN21, op. cit. note 5.
134 The cities are Samobor, Velika Gorica and Zaprešić, 

from B. Epp, “Three SDH plants under development 
in Croatia”, solarthermalworld.org, 22 October 
2020, https://www.solarthermalworld.org/news/
three-sdh-plants-under-development-croatia.

135 Heat capacity and output from Lund and Toth, op. cit. note 110.
136 Ibid.
137 City Snapshot: Malmö based on the following sources: Malmö 

stad, “Population”, https://malmo.se/Fakta-och-statistik/Facts-
and-statistics-in-english/Population.html, viewed 5 January 2021; 
Swedish Environmental Protection Agency, National Inventory Report 
Sweden 2019 (Stockholm: 2019), https://www.naturvardsverket.
se/upload/miljoarbete-i-samhallet/internationellt-miljoarbete/
miljokonventioner/FN/nir-sub-15-april.pdf; IRENA and ICLEI–Local 
Governments for Sustainability, Integrating Ambitious Renewable 
Energy Targets in City Planning (Abu Dhabi: 2013), https://www.irena.
org/-/media/Files/IRENA/Agency/Publication/2013/Jan/IRENA-
cities-case-7-Malmo.pdf; European Commission, “European Green 
Capital Malmo Comments”, https://ec.europa.eu/environment/
europeangreencapital/winning-cities/previous-finalists/malmo, 
viewed 5 January 2021; L. Guevara-Stone, “How Malmö, Sweden is 
leading way on sustainability”, RenewEconomy, 24 September 2014, 
https://reneweconomy.com.au/malmo-sweden-leading-way-70597; 
J. Kamleh, Strategist, City of Malmö, presentation at Daring Cities 
2020 event “100% Renewable Energy Roadmaps – Contributing to 
the Global Energy Transition”, 13 October 2020; E.ON, “E.ON builds 

183

http://www.greenhoustontx.gov/pressrelease20200430.html
http://www.greenhoustontx.gov/pressrelease20200430.html
https://austinenergy.com/ae/about/environment/renewable-power-generation
https://austinenergy.com/ae/about/environment/renewable-power-generation
https://austinenergy.com/ae/about/environment/renewable-power-generation
http://www.ren21.net/cities/datapack
http://www.ren21.net/cities/datapack
https://www.nytimes.com/2011/04/22/nyregion/new-york-city-bans-dirtiest-heating-oils-at-buildings.html
https://www.nytimes.com/2011/04/22/nyregion/new-york-city-bans-dirtiest-heating-oils-at-buildings.html
https://www.nytimes.com/2011/04/22/nyregion/new-york-city-bans-dirtiest-heating-oils-at-buildings.html
https://www.solvay.com/en/article/one-planet-solvay-asia-getting-renewable-energy-boost
https://www.solvay.com/en/article/one-planet-solvay-asia-getting-renewable-energy-boost
https://www.solvay.com/en/article/one-planet-solvay-asia-getting-renewable-energy-boost
https://www.solvay.com/en/article/increasing-green-energy
https://www.solvay.com/en/article/increasing-green-energy
https://www.solarthermalworld.org/news/demand-central-solar-water-heating-peaks-2019
https://www.solarthermalworld.org/news/demand-central-solar-water-heating-peaks-2019
https://www.solarthermalworld.org/news/50-new-solar-hot-water-systems-turkish-prisons-three-years
https://www.solarthermalworld.org/news/50-new-solar-hot-water-systems-turkish-prisons-three-years
https://www.solarthermalworld.org/news/50-new-solar-hot-water-systems-turkish-prisons-three-years
https://www.sonnenhaus-institut.de/erstes-mehrfamilien-sonnenhaus-in-regensburg-ist-bezugsfertig.html
https://www.sonnenhaus-institut.de/erstes-mehrfamilien-sonnenhaus-in-regensburg-ist-bezugsfertig.html
https://www.sonnenhaus-institut.de/erstes-mehrfamilien-sonnenhaus-in-regensburg-ist-bezugsfertig.html
https://www.sonnenhaus-institut.de/ein-sonnensegel-fuer-das-mehrfamilien-sonnenhaus.html
https://www.sonnenhaus-institut.de/ein-sonnensegel-fuer-das-mehrfamilien-sonnenhaus.html
https://www.iea.org/reports/heat-pumps
https://www.iea.org/reports/heat-pumps
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/01018.pdf
https://www.geothermal-energy.org/pdf/IGAstandard/WGC/2020/01018.pdf
https://www.cibsejournal.com/technical/oxfords-balancing-act-city-smart-grid-with-ground-source-heat-pumps
https://www.cibsejournal.com/technical/oxfords-balancing-act-city-smart-grid-with-ground-source-heat-pumps
https://www.cibsejournal.com/technical/oxfords-balancing-act-city-smart-grid-with-ground-source-heat-pumps
https://www.smartcitiesdive.com/ex/sustainablecitiescollective/town-saves-millions-heating-costs-water-source-heat-pump/1055631
https://www.smartcitiesdive.com/ex/sustainablecitiescollective/town-saves-millions-heating-costs-water-source-heat-pump/1055631
https://www.smartcitiesdive.com/ex/sustainablecitiescollective/town-saves-millions-heating-costs-water-source-heat-pump/1055631
http://www.neatpumps.com/news/star-renewable-energy-provides-scotland%E2%80%99s-largest-water-source-heat-pump-for-district-heating.aspx
http://www.neatpumps.com/news/star-renewable-energy-provides-scotland%E2%80%99s-largest-water-source-heat-pump-for-district-heating.aspx
http://www.neatpumps.com/news/star-renewable-energy-provides-scotland%E2%80%99s-largest-water-source-heat-pump-for-district-heating.aspx
https://sustainablewestchester.org/wp-content/uploads/2020/05/Heatsmart-case-studies-2020.pdf
https://sustainablewestchester.org/wp-content/uploads/2020/05/Heatsmart-case-studies-2020.pdf
https://sustainablewestchester.org/wp-content/uploads/2020/05/Heatsmart-case-studies-2020.pdf
https://balkangreenenergynews.com/decarbonization-is-next-in-development-of-district-heating-cooling-systems
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Nov/IRENA_IEA_REN21_Policies_Heating_Cooling_2020.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Nov/IRENA_IEA_REN21_Policies_Heating_Cooling_2020.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Nov/IRENA_IEA_REN21_Policies_Heating_Cooling_2020.pdf
https://www.iea.org/reports/renewables-2019
https://www.iea.org/articles/how-can-district-heating-help-decarbonise-the-heat-sector-by-2024
https://www.iea.org/articles/how-can-district-heating-help-decarbonise-the-heat-sector-by-2024
https://www.iea.org/articles/how-can-district-heating-help-decarbonise-the-heat-sector-by-2024
https://eurec.be
http://www.sciencedirect.com/science/article/pii/S036054421730614X
http://www.sciencedirect.com/science/article/pii/S036054421730614X
https://webstore.iea.org/world-energy-balances-overview-2020-edition
https://webstore.iea.org/world-energy-balances-overview-2020-edition
https://www.euroheat.org
https://www.euroheat.org
https://energymonitor.ai/sector/heating-cooling/europe-makes-progress-integrating-renewables-in-district-heating
https://energymonitor.ai/sector/heating-cooling/europe-makes-progress-integrating-renewables-in-district-heating
https://energymonitor.ai/sector/heating-cooling/europe-makes-progress-integrating-renewables-in-district-heating
https://www.euroheat.org/knowledge-hub/district-energy-iceland
https://www.euroheat.org/knowledge-hub/district-energy-iceland
https://worldbioenergy.org/uploads/191129%20WBA%20GBS%202019_HQ.pdf
https://worldbioenergy.org/uploads/191129%20WBA%20GBS%202019_HQ.pdf
https://www.smarter-together.eu/news/largest-biomass-power-plant-france-exemplary-partnership-between-metropole-de-lyon-ademe-and
https://www.smarter-together.eu/news/largest-biomass-power-plant-france-exemplary-partnership-between-metropole-de-lyon-ademe-and
https://www.smarter-together.eu/news/largest-biomass-power-plant-france-exemplary-partnership-between-metropole-de-lyon-ademe-and
https://www.dalkia.fr/fr/espace-presse/communique-de-presse/chaufferie-biomasse-surville
https://www.dalkia.fr/fr/espace-presse/communique-de-presse/chaufferie-biomasse-surville
https://www.solarthermalworld.org/news/15-mw-sdh-plant-inaugurated-latvia
https://www.solarthermalworld.org/news/15-mw-sdh-plant-inaugurated-latvia
https://www.iea-shc.org/solar-heat-worldwide
https://www.fortum.com/district-heating-oslo
https://www.fortum.com/district-heating-oslo
https://task55.iea-shc.org/Data/Sites/1/publications/Solar-Heat-for-Cities--The-Sustainable-Solution-for-District-Heating.pdf
https://task55.iea-shc.org/Data/Sites/1/publications/Solar-Heat-for-Cities--The-Sustainable-Solution-for-District-Heating.pdf
https://www.iea-shc.org/countries/germany/report
https://www.solarthermalworld.org/news/three-sdh-plants-under-development-croatia
https://www.solarthermalworld.org/news/three-sdh-plants-under-development-croatia
https://malmo.se/Fakta-och-statistik/Facts-and-statistics-in-english/Population.html
https://malmo.se/Fakta-och-statistik/Facts-and-statistics-in-english/Population.html
https://www.naturvardsverket.se/upload/miljoarbete-i-samhallet/internationellt-miljoarbete/miljokonventioner/FN/nir-sub-15-april.pdf
https://www.naturvardsverket.se/upload/miljoarbete-i-samhallet/internationellt-miljoarbete/miljokonventioner/FN/nir-sub-15-april.pdf
https://www.naturvardsverket.se/upload/miljoarbete-i-samhallet/internationellt-miljoarbete/miljokonventioner/FN/nir-sub-15-april.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2013/Jan/IRENA-cities-case-7-Malmo.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2013/Jan/IRENA-cities-case-7-Malmo.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2013/Jan/IRENA-cities-case-7-Malmo.pdf
https://ec.europa.eu/environment/europeangreencapital/winning-cities/previous-finalists/malmo
https://ec.europa.eu/environment/europeangreencapital/winning-cities/previous-finalists/malmo
https://reneweconomy.com.au/malmo-sweden-leading-way-70597


ENDNOTES · MARKETS AND INFRASTRUCTURE 03

deep heat power plants in Sweden”, 3 March 2020, https://www.
eon.com/en/about-us/media/press-release/2020/2020-03-03-eon-
builds-deep-heat-power-plants-in-sweden.html.

138 A. Richter, “City in Shaanxi Province, China launches innovative 
large-scale geothermal district heating system”, Think GeoEnergy, 
8 December 2019, https://www.thinkgeoenergy.com/city-in-
shaanxi-province-china-launches-innovative-large-scale-
geothermal-district-heating-system.

139 G. Dias, DTU, personal communication with REN21, 12 October 2020.
140 A. Richter, “SWM complete drilling campaign pushing forward 

with three week test run at heat plant in Munich”, Think 
GeoEnergy, 15 March 2020, https://www.thinkgeoenergy.com/
swm-complete-drilling-campaign-pushing-forward-with-three-
week-test-run-at-heat-plant-in-munich.

141 M. Kulmicht, “The geothermal heating network in Champs-sur-
Marne launches”, ENGIE, 30 October 2019, https://www.engie-
solutions.com/en/news/geothermal-site-geomarne; GéoMarne, 
“Le réseau de chaleur GéoMarne, le futur réseau géothermique”,  
2 December 2019, http://geomarne.reseau-chaleur.com/le-reseau-
de-chaleur-geomarne-le-futur-reseau-geothermique; Lumo SAS, 
“Géothermie de Champs-sur-Marne et Noisiel”, https://www.lumo-
france.com/projets/geothermie-dela-marne, viewed March 2020.

142 La Ville de Drancy, “La géothermie à Drancy”, https://www.
drancy.fr/la-ville-s-engage-pour-lenvironnement/energies-
renouvelables-drancy-s-engage-pour-un-avenir-vertueux-
et-durable/la-geothermie-a-drancy-525.html, viewed March 
2020; Sipperec, “Gényo: Un futur réseau de chaleur écologique 
pour BobignyDrancy”, https://sipperec.fr/developper/produire-
localementles-energies-de-demain/geothermie/genyo-un-futur-
reseau-dechaleur-ecologique-pour-bobigny-drancy, viewed 
March 2020.

143 REN21, Renewables 2019 Global Status Report (Paris: 2019), 
https://www.ren21.net/wp-content/uploads/2019/05/
gsr_2019_full_report_en.pdf. 

144 Wandschneider + gutjahr ingeniergesellschaft mbh, “Design of 
chillers HW2 (plant half 2) – District Cooling City Nord”, https://
www.wg-ing.de/en/projects/district-cooling-city-nord-hamburg-
fernkaelte-geschaeftsstadt-nord-gbr, viewed 10 January 2021; 
Sustainable Cities Vattenfall, “Berlin’s biggest refrigerator”, https://
sustainablecities.vattenfall.com/en/berlin, viewed 10 January 
2021; Bayut, “Chiller-free vs district cooling in Dubai”, https://
www.bayut.com/mybayut/chiller-free-district-cooling-dubai, 
viewed 21 December 2020; City of Toronto, “District energy”, 
https://www.toronto.ca/services-payments/water-environment/
environmentally-friendly-city-initiatives/district-energy, viewed  
21 December 2020; IRENA, Renewable Energy in District 
Heating and Cooling: A Sector Roadmap for REmap (Abu Dhabi: 
2017), https://www.irena.org/-/media/Files/IRENA/Agency/
Publication/2017/Mar/IRENA_REmap_DHC_Report_2017.pdf.

145 A. Richter, “Geothermal heat to also fuel district cooling network 
in Munich, Germany”, Think GeoEnergy, 18 April 2020, https://
www.thinkgeoenergy.com/geothermal-heat-to-also-fuel-district-
cooling-network-in-munich-germany.

146 Enwave, “Enware and Toronto Water tap into innovative energy 
source”, https://www.enwave.com/case-studies/enwave-and-
toronto-water-tap-into-innovative-energy-source, viewed 18 
December 2020; ESEMAG, “Enwave to expand Toronto’s deep 
lake water cooling system”, 11 January 2019, https://esemag.com/
water/expand-torontos-deep-lake-water-cooling-system. 

147 This system makes use of the temperature difference of the river water, 
and can save up to 30% of energy compared with conventional air 
conditioning. From Z. Huan, “China’s largest ‘water air conditioning 
system’ saves 30 percent energy”, EN People, 13 July 2017, http://
en.people.cn/n3/2017/0713/c90000-9241306.html. 

148 IEA, “Renewable energy in transport 2018 and 2024”, https://
www.iea.org/data-and-statistics/charts/renewable-energy-in-
transport-2018-and-2024, updated 25 November 2019.

149 IEA, World Energy Outlook 2019 (Paris: 2019), https://www.iea.
org/reports/world-energy-outlook-2019.

150 IRENA, op. cit. note 4; Agora Verkehrswende, Deutsche 
Gesellschaft für Internationale Zusammenarbeit (GIZ) and World 
Economic Forum (WEF), Transport for Under Two Degrees – The 
Way Forward. 10 Key Insights for the Decarbonisation of the 
Transport Sector (Berlin: 2020), https://www.t4under2.org/pdf/
T4under2_Global-foresight-study_FINAL.pdf. 

151 IEA, World Energy Outlook 2020 (Paris: 2020), https://www.iea.org/

reports/world-energy-outlook-2020.
152 Campaign for Better Transport, Covid-19 Recovery: Renewing the 

Transport System (London: July 2020), https://bettertransport.
org.uk/sites/default/files/research-files/Covid_19_Recovery_
Renewing_the_Transport_System.pdf.

153 IEA, The Covid-19 Crisis and Clean Energy Progress (Paris: 2020),  
https://www.iea.org/reports/the-covid-19-crisis-and-clean- 
energy-progress/transport.

154 J. Swira, “Creative destruction: The COVID-19 economic crisis 
is accelerating the demise of fossil fuels”, African Mining 
Brief, 7 August 2020, https://africanminingbrief.com/creative-
destruction-the-covid-19-economic-crisis-is-accelerating-the-
demise-of-fossil-fuels; B. Chen, “E-bikes are having their moment. 
They deserve it”, New York Times, 3 June 2020, https://www.
nytimes.com/2020/06/03/technology/personaltech/e-bikes-are-
having-their-moment-they-deserve-it.html; IEA, op. cit. note 151.

155 See REN21, op. cit. note 5.
156 IEA, Oil 2020 (Paris: 2020), https://www.iea.org/reports/oil-2020; 

IEA, Renewables 2019 (Paris: 2019), https://www.iea.org/reports/
renewables-2019.

157 For the location of US biodiesel and ethanol production 
facilities, see US National Renewable Energy Laboratory, “AFDC 
TransAtlas“, https://maps.nrel.gov/transatlas/?aL=fbjBW9%255B
v%255D%3Dt%26OgJeqs%255Bv%255D%3Dt%26OgJeqs%25
5Bd%255D%3D1&bL=clight&cE=0&lR=0&mC=39.45316112807
394%2C-98.06396484375&zL=5, viewed 15 December 2020.

158 According to IEA estimates, transport biofuel production was 
expected to contract 13% in 2020, its first drop in two decades. 
From IEA, op. cit. note 153.

159 Government of Mexico City, “Nueva planta productora de 
biodiésel en Central de Abasto”, 4 August 2020, https://www.
cdmx.gob.mx/portal/articulo/inaugura-gobierno-capitalino-e-
ipn-planta-productora-de-biodiesel-en-central-de-abasto.

160 C40 Cities, “Case study: The circular economy in Venice: Green 
fuel for the city’s boat fleet”, 8 January 2020, https://www.c40.
org/case_studies/the-circular-economy-in-venice-green-fuel-for-
the-city-s-boat-fleet. Box 3 based on the following sources: The 
Explorer, “Moving public transport onto waterways”, https://www.
theexplorer.no/solutions/urban-water-shuttle--moving-public-
transport-onto-waterways, viewed 29 October 2020; A. Matua, 
“City passes Queens councilman’s bill to study how to power NYC 
ferries with renewable fuel”, QNS, 2 January 2018, https://qns.
com/2018/01/city-passes-queens-councilmans-bill-study-power-
nyc-ferries-renewable-fuel; A. Danigelis, “Copenhagen receives 
five zero-emissions ferries for public transport”, Environment + 
Energy Leader, 7 July 2020, https://www.environmentalleader.
com/2020/07/copenhagen-zero-emissions-ferries; ALT 
Energy Stocks, “Biofuels rocking the boats (and ships)”, 24 
July 2018, http://www.altenergystocks.com/archives/2018/07/
biofuels-rocking-the-boats-and-ships; S. Six, “Bunker biofuel 
pilot projects launch in Asia”, Argus Media, 18 December 2020, 
https://www.argusmedia.com/en/news/2170286-bunker-biofuel-
pilot-projects-launch-in-asia; PR Newswire, “Red and White 
Fleet‘s long awaited plug-in vessel, ‘The Enhydra‘, is available 
for use in San Francisco Bay”, 13 September 2018, https://www.
prnewswire.com/news-releases/red-and-white-fleets-long-
awaited-plug-in-vessel-the-enhydra-is-available-for-use-in-
san-francisco-bay-300711900.html; G. Han, “Hari Pontoon: The 
solar powered bamboo water taxi”, Design Milk, 29 October 
2020, https://design-milk.com/hari-pontoon-the-solar-powered-
bamboo-water-taxi; 0Bills, “Solar panel powered water taxi plan 
for Cardiff to Bristol ferry”, https://www.zerohomebills.com/
solar-panel-powered-water-taxi-plan-for-cardiff-to-bristol-ferry, 
viewed 29 October 2020; M. Meisenzahi, “A solar-powered boat 
will transport guests to an ultra-luxury resort in Bora Bora — see 
how it works”, Business Insider, 13 June 2020, https://www.
businessinsider.com/soel-yachts-soel-shuttle-14-solar-powered-
luxury-water-taxi-2020-6; V. Varma, “India’s first solar-powered 
ferry Aditya wins global honour”, Indian Express, 27 July 2020, 
https://indianexpress.com/article/india/indias-first-solar-
powered-ferry-aditya-wins-gustave-trouve-award-6525729; D. 
Bönnighausen, “Launch of the first e-car ferry Sankta Maria II”, 
Electrive, 24 October 2017, https://www.electrive.net/2017/10/24/
stapellauf-der-ersten-e-autofaehre-sankta-maria-ii; M. Teliska, 
“Passenger ferries are going electric”, AXIOS, 29 May 2019, 
https://www.axios.com/passenger-ferries-are-going-electric-
cb70b29f-fb19-4a10-bf53-24df0d9985bd.html; “Electric ferries 

184

https://www.eon.com/en/about-us/media/press-release/2020/2020-03-03-eon-builds-deep-heat-power-plants-in-sweden.html
https://www.eon.com/en/about-us/media/press-release/2020/2020-03-03-eon-builds-deep-heat-power-plants-in-sweden.html
https://www.eon.com/en/about-us/media/press-release/2020/2020-03-03-eon-builds-deep-heat-power-plants-in-sweden.html
https://www.thinkgeoenergy.com/city-in-shaanxi-province-china-launches-innovative-large-scale-geothermal-district-heating-system
https://www.thinkgeoenergy.com/city-in-shaanxi-province-china-launches-innovative-large-scale-geothermal-district-heating-system
https://www.thinkgeoenergy.com/city-in-shaanxi-province-china-launches-innovative-large-scale-geothermal-district-heating-system
https://www.thinkgeoenergy.com/swm-complete-drilling-campaign-pushing-forward-with-three-week-test-run-at-heat-plant-in-munich
https://www.thinkgeoenergy.com/swm-complete-drilling-campaign-pushing-forward-with-three-week-test-run-at-heat-plant-in-munich
https://www.thinkgeoenergy.com/swm-complete-drilling-campaign-pushing-forward-with-three-week-test-run-at-heat-plant-in-munich
https://www.engie-solutions.com/en/news/geothermal-site-geomarne
https://www.engie-solutions.com/en/news/geothermal-site-geomarne
http://geomarne.reseau-chaleur.com/le-reseau-de-chaleur-geomarne-le-futur-reseau-geothermique
http://geomarne.reseau-chaleur.com/le-reseau-de-chaleur-geomarne-le-futur-reseau-geothermique
https://www.lumo-france.com/projets/geothermie-dela-marne
https://www.lumo-france.com/projets/geothermie-dela-marne
https://www.drancy.fr/la-ville-s-engage-pour-lenvironnement/energies-renouvelables-drancy-s-engage-pour-un-avenir-vertueux-et-durable/la-geothermie-a-drancy-525.html
https://www.drancy.fr/la-ville-s-engage-pour-lenvironnement/energies-renouvelables-drancy-s-engage-pour-un-avenir-vertueux-et-durable/la-geothermie-a-drancy-525.html
https://www.drancy.fr/la-ville-s-engage-pour-lenvironnement/energies-renouvelables-drancy-s-engage-pour-un-avenir-vertueux-et-durable/la-geothermie-a-drancy-525.html
https://www.drancy.fr/la-ville-s-engage-pour-lenvironnement/energies-renouvelables-drancy-s-engage-pour-un-avenir-vertueux-et-durable/la-geothermie-a-drancy-525.html
https://sipperec.fr/developper/produire-localementles-energies-de-demain/geothermie/genyo-un-futur-reseau-dechaleur-ecologique-pour-bobigny-drancy
https://sipperec.fr/developper/produire-localementles-energies-de-demain/geothermie/genyo-un-futur-reseau-dechaleur-ecologique-pour-bobigny-drancy
https://sipperec.fr/developper/produire-localementles-energies-de-demain/geothermie/genyo-un-futur-reseau-dechaleur-ecologique-pour-bobigny-drancy
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.wg-ing.de/en/projects/district-cooling-city-nord-hamburg-fernkaelte-geschaeftsstadt-nord-gbr
https://www.wg-ing.de/en/projects/district-cooling-city-nord-hamburg-fernkaelte-geschaeftsstadt-nord-gbr
https://www.wg-ing.de/en/projects/district-cooling-city-nord-hamburg-fernkaelte-geschaeftsstadt-nord-gbr
https://sustainablecities.vattenfall.com/en/berlin
https://sustainablecities.vattenfall.com/en/berlin
https://www.bayut.com/mybayut/chiller-free-district-cooling-dubai
https://www.bayut.com/mybayut/chiller-free-district-cooling-dubai
https://www.toronto.ca/services-payments/water-environment/environmentally-friendly-city-initiatives/district-energy
https://www.toronto.ca/services-payments/water-environment/environmentally-friendly-city-initiatives/district-energy
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Mar/IRENA_REmap_DHC_Report_2017.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Mar/IRENA_REmap_DHC_Report_2017.pdf
https://www.thinkgeoenergy.com/geothermal-heat-to-also-fuel-district-cooling-network-in-munich-germany
https://www.thinkgeoenergy.com/geothermal-heat-to-also-fuel-district-cooling-network-in-munich-germany
https://www.thinkgeoenergy.com/geothermal-heat-to-also-fuel-district-cooling-network-in-munich-germany
https://www.enwave.com/case-studies/enwave-and-toronto-water-tap-into-innovative-energy-source
https://www.enwave.com/case-studies/enwave-and-toronto-water-tap-into-innovative-energy-source
https://esemag.com/water/expand-torontos-deep-lake-water-cooling-system
https://esemag.com/water/expand-torontos-deep-lake-water-cooling-system
http://en.people.cn/n3/2017/0713/c90000-9241306.html
http://en.people.cn/n3/2017/0713/c90000-9241306.html
https://www.iea.org/data-and-statistics/charts/renewable-energy-in-transport-2018-and-2024
https://www.iea.org/data-and-statistics/charts/renewable-energy-in-transport-2018-and-2024
https://www.iea.org/data-and-statistics/charts/renewable-energy-in-transport-2018-and-2024
https://www.iea.org/reports/world-energy-outlook-2019
https://www.iea.org/reports/world-energy-outlook-2019
https://www.t4under2.org/pdf/T4under2_Global-foresight-study_FINAL.pdf
https://www.t4under2.org/pdf/T4under2_Global-foresight-study_FINAL.pdf
https://www.iea.org/reports/world-energy-outlook-2020
https://www.iea.org/reports/world-energy-outlook-2020
https://bettertransport.org.uk/sites/default/files/research-files/Covid_19_Recovery_Renewing_the_Transport_System.pdf
https://bettertransport.org.uk/sites/default/files/research-files/Covid_19_Recovery_Renewing_the_Transport_System.pdf
https://bettertransport.org.uk/sites/default/files/research-files/Covid_19_Recovery_Renewing_the_Transport_System.pdf
https://www.iea.org/reports/the-covid-19-crisis-and-clean-energy-progress/transport
https://www.iea.org/reports/the-covid-19-crisis-and-clean-energy-progress/transport
https://africanminingbrief.com/creative-destruction-the-covid-19-economic-crisis-is-accelerating-the-demise-of-fossil-fuels
https://africanminingbrief.com/creative-destruction-the-covid-19-economic-crisis-is-accelerating-the-demise-of-fossil-fuels
https://africanminingbrief.com/creative-destruction-the-covid-19-economic-crisis-is-accelerating-the-demise-of-fossil-fuels
https://www.nytimes.com/2020/06/03/technology/personaltech/e-bikes-are-having-their-moment-they-deserve-it.html
https://www.nytimes.com/2020/06/03/technology/personaltech/e-bikes-are-having-their-moment-they-deserve-it.html
https://www.nytimes.com/2020/06/03/technology/personaltech/e-bikes-are-having-their-moment-they-deserve-it.html
https://www.iea.org/reports/oil-2020
https://www.iea.org/reports/renewables-2019
https://www.iea.org/reports/renewables-2019
https://maps.nrel.gov/transatlas/?aL=fbjBW9%255Bv%255D%3Dt%26OgJeqs%255Bv%255D%3Dt%26OgJeqs%255Bd%255D%3D1&bL=clight&cE=0&lR=0&mC=39.45316112807394%2C-98.06396484375&zL=5
https://maps.nrel.gov/transatlas/?aL=fbjBW9%255Bv%255D%3Dt%26OgJeqs%255Bv%255D%3Dt%26OgJeqs%255Bd%255D%3D1&bL=clight&cE=0&lR=0&mC=39.45316112807394%2C-98.06396484375&zL=5
https://maps.nrel.gov/transatlas/?aL=fbjBW9%255Bv%255D%3Dt%26OgJeqs%255Bv%255D%3Dt%26OgJeqs%255Bd%255D%3D1&bL=clight&cE=0&lR=0&mC=39.45316112807394%2C-98.06396484375&zL=5
https://maps.nrel.gov/transatlas/?aL=fbjBW9%255Bv%255D%3Dt%26OgJeqs%255Bv%255D%3Dt%26OgJeqs%255Bd%255D%3D1&bL=clight&cE=0&lR=0&mC=39.45316112807394%2C-98.06396484375&zL=5
https://www.cdmx.gob.mx/portal/articulo/inaugura-gobierno-capitalino-e-ipn-planta-productora-de-biodiesel-en-central-de-abasto
https://www.cdmx.gob.mx/portal/articulo/inaugura-gobierno-capitalino-e-ipn-planta-productora-de-biodiesel-en-central-de-abasto
https://www.cdmx.gob.mx/portal/articulo/inaugura-gobierno-capitalino-e-ipn-planta-productora-de-biodiesel-en-central-de-abasto
https://www.c40.org/case_studies/the-circular-economy-in-venice-green-fuel-for-the-city-s-boat-fleet
https://www.c40.org/case_studies/the-circular-economy-in-venice-green-fuel-for-the-city-s-boat-fleet
https://www.c40.org/case_studies/the-circular-economy-in-venice-green-fuel-for-the-city-s-boat-fleet
https://www.theexplorer.no/solutions/urban-water-shuttle--moving-public-transport-onto-waterways
https://www.theexplorer.no/solutions/urban-water-shuttle--moving-public-transport-onto-waterways
https://www.theexplorer.no/solutions/urban-water-shuttle--moving-public-transport-onto-waterways
https://qns.com/2018/01/city-passes-queens-councilmans-bill-study-power-nyc-ferries-renewable-fuel
https://qns.com/2018/01/city-passes-queens-councilmans-bill-study-power-nyc-ferries-renewable-fuel
https://qns.com/2018/01/city-passes-queens-councilmans-bill-study-power-nyc-ferries-renewable-fuel
https://www.environmentalleader.com/2020/07/copenhagen-zero-emissions-ferries
https://www.environmentalleader.com/2020/07/copenhagen-zero-emissions-ferries
http://www.altenergystocks.com/archives/2018/07/biofuels-rocking-the-boats-and-ships
http://www.altenergystocks.com/archives/2018/07/biofuels-rocking-the-boats-and-ships
https://www.argusmedia.com/en/news/2170286-bunker-biofuel-pilot-projects-launch-in-asia
https://www.argusmedia.com/en/news/2170286-bunker-biofuel-pilot-projects-launch-in-asia
https://www.prnewswire.com/news-releases/red-and-white-fleets-long-awaited-plug-in-vessel-the-enhydra-is-available-for-use-in-san-francisco-bay-300711900.html
https://www.prnewswire.com/news-releases/red-and-white-fleets-long-awaited-plug-in-vessel-the-enhydra-is-available-for-use-in-san-francisco-bay-300711900.html
https://www.prnewswire.com/news-releases/red-and-white-fleets-long-awaited-plug-in-vessel-the-enhydra-is-available-for-use-in-san-francisco-bay-300711900.html
https://www.prnewswire.com/news-releases/red-and-white-fleets-long-awaited-plug-in-vessel-the-enhydra-is-available-for-use-in-san-francisco-bay-300711900.html
https://design-milk.com/hari-pontoon-the-solar-powered-bamboo-water-taxi
https://design-milk.com/hari-pontoon-the-solar-powered-bamboo-water-taxi
https://www.zerohomebills.com/solar-panel-powered-water-taxi-plan-for-cardiff-to-bristol-ferry
https://www.zerohomebills.com/solar-panel-powered-water-taxi-plan-for-cardiff-to-bristol-ferry
https://www.businessinsider.com/soel-yachts-soel-shuttle-14-solar-powered-luxury-water-taxi-2020-6
https://www.businessinsider.com/soel-yachts-soel-shuttle-14-solar-powered-luxury-water-taxi-2020-6
https://www.businessinsider.com/soel-yachts-soel-shuttle-14-solar-powered-luxury-water-taxi-2020-6
https://indianexpress.com/article/india/indias-first-solar-powered-ferry-aditya-wins-gustave-trouve-award-6525729
https://indianexpress.com/article/india/indias-first-solar-powered-ferry-aditya-wins-gustave-trouve-award-6525729
https://www.electrive.net/2017/10/24/stapellauf-der-ersten-e-autofaehre-sankta-maria-ii
https://www.electrive.net/2017/10/24/stapellauf-der-ersten-e-autofaehre-sankta-maria-ii
https://www.axios.com/passenger-ferries-are-going-electric-cb70b29f-fb19-4a10-bf53-24df0d9985bd.html
https://www.axios.com/passenger-ferries-are-going-electric-cb70b29f-fb19-4a10-bf53-24df0d9985bd.html


ENDNOTES · MARKETS AND INFRASTRUCTURE 03

may become a major force on Bangkok’s busy rivers”, The 
Maritime Executive, 10 January 2020, https://www.maritime-
executive.com/article/electric-ferries-may-become-a-major-
force-on-bangkok-s-busy-rivers; J. Butler, “Bangkok becoming 
electric ferry capital of the world”, Plugboats, 24 August 2020, 
https://plugboats.com/bangkok-becoming-electric-ferry-
capital-of-the-world; J. Butler, “Norway leads an electric ferry 
revolution”, Plugboats, 27 January 2019, https://plugboats.com/
norway-leads-an-electric-ferry-revolution; World Maritime News, 
“Norled picks Westcon to build world’s 1st hydrogen ferry”, 
Offshore Energy, 29 May 2019, https://www.offshore-energy.
biz/norled-picks-westcon-to-build-worlds-1st-hydrogen-ferry; E. 
Dudley, “Green-powered passenger ferries made by Brisbane-
based small businesses”, Dynamic Business, 16 November 
2020, https://dynamicbusiness.com.au/topics/news/green-
powered-passenger-ferries-made-by-brisbane-based-small-
businesses.html; DFDS, “Partnership aims to develop hydrogen 
ferry for Oslo-Copenhagen”, press release (Copenhagen: 26 
November 2020), https://www.dfds.com/en/about/media/news/
hydrogen-ferry-for-oslo-copenhagen.

161 R. Kotrba, “Eni opens its 2nd large-scale renewable diesel 
facility in Italy”, Biodiesel Magazine, 26 September 2019, 
http://www.biodieselmagazine.com/articles/2516794/
eni-opens-its-2nd-large-scale-renewable-diesel-facility-in-italy. 

162 “Neste, McDonald’s Netherlands and HAVI promote circular 
economy”, Petrol Plaza, 25 June 2020, https://www.petrolplaza.
com/news/24993.

163 IEA, Outlook for Biogas and Biomethane: Prospects for Organic 
Growth (Paris: March 2020), https://www.iea.org/reports/outlook-
for-biogas-and-biomethane-prospects-for-organic-growth/
an-introduction-to-biogas-and-biomethane.

164 Ibid. In 2019, there were 89 total operational biomethane plants in 
the United States, producing 49 petajoules. Of these, more than 
60% (54 confirmed operational plants) were producing biomethane 
for use as a vehicle fuel, with 30 more planned for this purpose. 
In the United States and Canada, in early 2020, there were 110 
operational biomethane facilities transforming waste into fuel, 40 
under construction and 58 in development. In Europe, the number of 
biomethane plants increased from 483 in 2018 to 729 in mid-2020, of 
which at least 19% were producing biomethane as vehicle fuel. See 
the following sources: M. Mintz and P. Voss, “Database of Renewable 
Natural Gas (RNG) Projects: 2019 Update”, Argonne National 
Laboratory, October 2019, https://www.anl.gov/es/reference/
renewable-natural-gas-database; NGV America, Decarbonize 
Transportation with Renewable Natural Gas (Washington, DC: April 
2020), https://www.ngvamerica.org/wp-content/uploads/2020/04/
NGV-RNG-Decarbonize-FINAL-April-2020.pdf; Gas Infrastructure 
Europe and European Biogas Association, European Biomethane 
Map: Infrastructure for Biomethane Production 2020 (Brussels: 
June 2020), https://www.gie.eu/maps_data/downloads/2020/
GIE_EBA_BIO_2020_A0_FULL_471.pdf.

165 “CalBioGas produces first RNG with Kern County dairy farms”,  
Bioenergy Insight, 28 September 2020, https://www.bioenergy- 
news.com/news/calbiogas-produces-first-rng-with-kern-county- 
dairy-farms.

166 A. Dimitrova, “The Hague opens its largest solar-power plant to 
date”, The Mayor, 20 July 2020, https://www.themayor.eu/de/a/
view/the-hague-opens-its-largest-solar-power-plant-to-date-5409.

167 A. Dimitrova, “Poznan wants to power its buses with electricity from 
waste”, The Mayor, 10 July 2020, https://www.themayor.eu/de/a/view/
poznan-wants-to-power-its-buses-with-electricity-from-waste-5350. 

168 The waste material will be supplied by Inverhouse Distillery 
at Pulteney in Wick (Caithness County, Scotland), from 
“Whisky by-product could help power electric cars”, 
BBC News, 2 July 2020, https://www.bbc.com/news/
uk-scotland-highlands-islands-53249366. 

169 IRENA, Hydrogen: A Renewable Energy Perspective (Abu Dhabi: 
2019), https://www.irena.org/-/media/Files/IRENA/Agency/
Publication/2019/Sep/IRENA_Hydrogen_2019.pdf; IEA, “Hydrogen 
– fuels & technologies”, https://www.iea.org/fuels-and-technologies/
hydrogen, viewed 20 September 2020; IEA, Hydrogen (Paris: June 
2020), https://www.iea.org/reports/hydrogen; REN21, op. cit. note 5. 
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