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Materials for today

Mackay’s short chapters on renewables: chapters 4,6,8,10,16,18,B,
and D from withouthotair.com

U.S. Department of Energy. Computing Americas O!shore Wind
Energy Potential, September 2016. URL.

U.S. Department of Energy. Simple Levelized Cost of Energy (LCOE)
Calculator Documentation — Energy Analysis — NREL. URL.

Lazard. Lazards Levelized Cost of Energy Analysis, Version 15.0.
October 2021. URL.

William H. Schlesinger. Are wood pellets a green fuel? Science,
359(6382):13281329, March 2018. ISSN 0036-8075, 1095-9203. doi.
URL.
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https://www.withouthotair.com/
https://www.energy.gov/eere/articles/computing-america-s-offshore-wind-energy-potential
https://www.nrel.gov/analysis/tech-lcoe-documentation.html
https://www.lazard.com/media/451881/lazards-levelized-cost-of-energy-version-150-vf.pdf
10.1126/science.aat2305


Williams et al 2021 decarbonization pathways
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Figure courtesy of John Wiley & Sons. License: CC BY. 

https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2020AV000284


Your renewable toolbox

Mackay, sustainable energy:
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Courtesy of David MacKay. 
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Your renewable toolbox

Mackay, sustainable energy: More:

renewables: derived from
natural processes, that are
regenerative over short
periods of time, cannot be
depleted

clean, net-zero, or
carbon-free?

energy e"ciency:
technologies, products, and
services that reduce the
energy required for processes
or tasks
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Your renewable toolbox

Key limitations:

total potential

intermittency

land use / take

Wind:

http://hint.fm/wind/

http://earth.nullschool.net/
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http://hint.fm/wind/
http://earth.nullschool.net/


Your renewable toolbox

Deploying these at scale requires building a new energy system:

Building blocks:

solar
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Your renewable toolbox

Deploying these at scale requires building a new energy system:

Building blocks:
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wind (28X)

storage

geothermal
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!

To do list:

financing
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balancing
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Agenda for the next few classes

wind basics: capacity factors
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Agenda for the next few classes

wind basics: capacity factors

solar basics: adoption costs, learning curves, siting issues

storage and geothermal: developing new niches
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Renewable energy potential – what is it?

Potential amount of this renewable resource that can be generated.

International Renewable Energy Agency (IRENA)

founded 2009

specifically focused on renewables

http://www.irena.org/potential_studies/

over 10,000 studies on five major categories
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http://www.irena.org/potential_studies/


Our World in Data, updated 2021
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Figure by Max Roser, courtesy of Our World in Data. License: CC BY. 



From Our World in Data
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Figure by Max Roser, courtesy of Our World in Data. License: CC BY. 

https://ourworldindata.org/cheap-renewables-growth


Wind II in Mackay
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Courtesy of David MacKay. 
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Courtesy of David MacKay. 



DOE Land-Based Wind Market Report 2022
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Public domain content courtesy of US Department of Energy. 

https://www.energy.gov/eere/wind/articles/land-based-wind-market-report-2022-edition
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Public domain content courtesy of US Department of Energy. 

https://www.energy.gov/eere/wind/articles/land-based-wind-market-report-2022-edition


DOE Land-Based Wind Market Report 2022
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Public domain content courtesy of US Department of Energy. 

https://www.energy.gov/eere/wind/articles/land-based-wind-market-report-2022-edition
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NREL Wind Atlas
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Public domain image courtesy of NREL / US Department of Energy. 

https://www.nrel.gov/gis/wind-resource-maps.html


Floating wind turbines

Joshua Bauer, NREL
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Public domain image courtesy of Josh Bauer, NREL. 

https://www.nrel.gov/news/program/2020/nrel-floats-new-offshore-wind-cost-optimization-tool.html


NREL Technical Potential
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DOE Offshore Wind Market Report 2022
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Public domain content courtesy of US Department of Energy. 

https://www.energy.gov/eere/wind/articles/offshore-wind-market-report-2022-edition
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Public domain content courtesy of US Department of Energy. 

https://www.energy.gov/eere/wind/articles/offshore-wind-market-report-2022-edition


DOE Offshore Wind Market Report 2022
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Public domain content courtesy of US Department of Energy. 

https://www.energy.gov/eere/wind/articles/offshore-wind-market-report-2022-edition


DOE Offshore Wind Market Report 2022
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Public domain content courtesy of US Department of Energy. 

https://www.energy.gov/eere/wind/articles/offshore-wind-market-report-2022-edition


How big are wind turbine blades, really?
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© General Electric / Vox. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 

https://ocw.mit.edu/help/faq-fair-use/
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Really* fun wind stuff to look at

GE Haliade-X, 12 MW turbine
Vox article on wind turbine blades, 5/20/19
DOE segmented blades
Boeing wing test
Columbia Energy Exchange podcast on offshore wind
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https://www.ge.com/renewableenergy/wind-energy/offshore-wind/haliade-x-offshore-turbine
https://www.vox.com/energy-and-environment/2018/3/8/17084158/wind-turbine-power-energy-blades
https://www.energy.gov/articles/enormous-blades-offshore-energy
https://youtu.be/Ai2HmvAXcU0?t=135
https://podcasts.apple.com/us/podcast/outlook-for-u-s-offshore-wind-energy/id1081481629?i=1000449130173


Intermittency / capacity factor

Capacity factor: ratio of actual power produced / maximum possible
power over a period of time.

unit-less (%)

empirically determined in real life operation

changes seasonally
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https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=table_6_07_a
https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=table_6_07_b


Intermittency / capacity factor

Capacity factor: ratio of actual power produced / maximum possible
power over a period of time.

unit-less (%)

empirically determined in real life operation

changes seasonally

Nameplate generation capacity: determined by manufacturer

coal-fired power plant

natural gas turbine

200 W solar panel

12 MW wind turbine

EIA Electric Power Monthly: Tables 6.07A for fossil, 6.07B for non-fossil
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https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=table_6_07_a
https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=table_6_07_b
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Levelized Cost of Energy (LCOE)

sLCOE = fixed costs + fuel costs + variable operations & maintenace
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Levelized Cost of Energy (LCOE)

sLCOE = fixed costs + fuel costs + variable operations & maintenace

sLCOE =
capital cost× recovery factor+ fixed O&M

8760× capacity factor

+ fuel cost× heat rate

+ variable O&M costs
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Wikipedia: “Levelized cost of energy”
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© Individual editors at Wikipedia. License CC BY-SA. This content is excluded from our 
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 

https://en.wikipedia.org/wiki/Levelized_cost_of_electricity
https://ocw.mit.edu/help/faq-fair-use/


Lazard’s Levelized Cost of Energy Analysis, v15, 2021
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© Lazard. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 
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Lazard’s Levelized Cost of Energy Analysis, v15, 2021
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Lazard’s Levelized Cost of Energy Analysis, v15, 2021
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Thank you!
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