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Preparing for class

Introductory reading
! short & skimmable, so easy to catch up (but you should catch up!)
! particularly important to look at Mackay chapter 2
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Preparing for class

Introductory reading
! short & skimmable, so easy to catch up (but you should catch up!)
! particularly important to look at Mackay chapter 2

Initial p-set due Monday night

Reading for this week (on syllabus, next page)

Watch this video lecture

As you read and watch, write down the questions that you have for

discussion.
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Materials for today

James H. Williams et al. Carbon-Neutral Pathways for the United
States. AGU Advances, 2(1), 2020 doi. URL.

David Roberts. Cities are beginning to own up to the climate impacts
of what they consume, July 2019. URL.

Angel Hsu et al. A research roadmap for quantifying non-state and
subnational climate mitigation action. Nature Climate Change,
9(1):1117, January 2019. doi. URL.

Dan Tong et al. Committed emissions from existing energy
infrastructure jeopardize 1.5 C climate target. Nature,
572(7769):373377, August 2019. doi. URL.

C40 Cities et al. Consumption-based GHG emissions of C40 cities.
Technical report, C40 Cities Climate Leadership Group, 2019. URL.

Samuel A Markolf et al. Pledges and progress: Steps toward
greenhouse gas emissions reductions in the 100 largest cities across
the United States. Technical report, Brookings Institution, October
2020.
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https://doi.org/10.1029/2020AV000284
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2020AV000284
https://www.vox.com/energy-and-environment/2019/7/1/18743992/climate-change-cities-food-cars-emissions
file:10.1038/s41558-018-0338-z.pdf
https://www.nature.com/articles/s41558-018-0338-z
https://www.nature.com/articles/s41586-019-1364-3


Mackay chap. 2: “the balance sheet”

Energy consumption versus energy production

Figure from Mackay
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Figure courtesy of David MacKay. 
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Mackay chap. 2: “the balance sheet”

Figure from Mackay
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Figure courtesy of David MacKay. 
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Mackay chap. 2: key physical concepts

Energy:

quantitative property of doing work

David Hsu Cities & decarbonization September 10, 2022 5 / 23

https://www.eia.gov/tools/faqs/faq.php?id=97&t=3
https://css.umich.edu/publications/factsheets/energy/us-energy-system-factsheet


Mackay chap. 2: key physical concepts

Energy:

quantitative property of doing work

conserved: can neither be destroyed or created

David Hsu Cities & decarbonization September 10, 2022 5 / 23

https://www.eia.gov/tools/faqs/faq.php?id=97&t=3
https://css.umich.edu/publications/factsheets/energy/us-energy-system-factsheet


Mackay chap. 2: key physical concepts

Energy:

quantitative property of doing work

conserved: can neither be destroyed or created

transformation: light, heat, mass (E = mc2)

David Hsu Cities & decarbonization September 10, 2022 5 / 23

https://www.eia.gov/tools/faqs/faq.php?id=97&t=3
https://css.umich.edu/publications/factsheets/energy/us-energy-system-factsheet


Mackay chap. 2: key physical concepts

Energy:

quantitative property of doing work

conserved: can neither be destroyed or created

transformation: light, heat, mass (E = mc2)
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Mackay chap. 2: key physical concepts

Energy:

quantitative property of doing work

conserved: can neither be destroyed or created

transformation: light, heat, mass (E = mc2)

forms: kinetic, chemical, potential, mechanical (elastic), biological
units: kilowatt-hour (kWh); also BTU, therms, joules, calories

! fossil fuels: barrels, short tons, cubic feet

example 1: “I worked out for an hour and it was only equivalent to 3
Oreos!”

example 2: the average American household uses, per year, about
11,000 kWh in electricity. Each person uses 300 MBTUs total per
year, which is approximately 2.3 gallons of oil, 7.89 pounds of coal,
and 252 cubic feet of natural gas per day.
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Mackay chap. 2: key physical concepts

Power:

quantitative rate of doing work

that is, energy per time
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Mackay chap. 2: key physical concepts

Power:

quantitative rate of doing work

that is, energy per time

units: watts (W) = joules (J) per second

also: ergs, amperes, horsepower, lumen*

example: “My workout maintained a steady output of 3 Oreos per
hour!”
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Key concept linking energy & climate

Emissions intensity:

emissions: Greenhouse gases (GHG) metric-ton carbon dioxide
equivalent (mtcde, mt-CO2-e, etc.)

David Hsu Cities & decarbonization September 10, 2022 7 / 23

https://unfccc.int/process-and-meetings/transparency-and-reporting/greenhouse-gas-data/ghg-data-unfccc/ghg-data-from-unfccc
https://di.unfccc.int/comparison_by_gas
https://www.epa.gov/egrid
https://globalcleanair.org/science/why-emission-intensity-matters/


Key concept linking energy & climate

Emissions intensity:

emissions: Greenhouse gases (GHG) metric-ton carbon dioxide
equivalent (mtcde, mt-CO2-e, etc.)

intensity: by gas, per unit of energy, per activity, per $GDP, by region

David Hsu Cities & decarbonization September 10, 2022 7 / 23

https://unfccc.int/process-and-meetings/transparency-and-reporting/greenhouse-gas-data/ghg-data-unfccc/ghg-data-from-unfccc
https://di.unfccc.int/comparison_by_gas
https://www.epa.gov/egrid
https://globalcleanair.org/science/why-emission-intensity-matters/


Key concept linking energy & climate

Emissions intensity:

emissions: Greenhouse gases (GHG) metric-ton carbon dioxide
equivalent (mtcde, mt-CO2-e, etc.)

intensity: by gas, per unit of energy, per activity, per $GDP, by region

examples: UNFCCC reporting inventories; source; electricity; air
quality;
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Map from Our World in Data
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Map courtesy of Our World in Data. License: CC BY. 
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Map courtesy of Our World in Data. License: CC BY. 
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Map from Our World in Data
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Map courtesy of Our World in Data. License: CC BY. 

https://ourworldindata.org/grapher/carbon-emission-intensity-vs-gdp-per-capita


Sankey diagrams

Sankey diagrams for the US and every state at flowcharts.LLNL.gov
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Deep decarbonization

US economy-wide decarbonization plans:

Deep Decarbonization Pathways Project (Williams et al, 2015, 2020)
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US economy-wide decarbonization plans:

Deep Decarbonization Pathways Project (Williams et al, 2015, 2020)

White House Mid-Century Strategy (2016): 80% by 2050

Rewiring America (July 2020 report)

Princeton Net-Zero America (2021)
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Deep decarbonization

US economy-wide decarbonization plans:

Deep Decarbonization Pathways Project (Williams et al, 2015, 2020)

White House Mid-Century Strategy (2016): 80% by 2050

Rewiring America (July 2020 report)

Princeton Net-Zero America (2021)

Many plans agree on the technology pathways, so we can later focus on
implications for:

implementation

geography

politics

land use and the built environment
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Williams et al, 2020
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Diagram courtesy of James H. Williams et al. License: CC BY. 
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Diagram courtesy of James H. Williams et al. License: CC BY. 
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Tong et al Nature 2019
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GHG emissions from cities
Numerous recent studies show that most US GHG emissions are from
cities, but the exact proportion depends on how and where you count:

Jones et al 2018

Goldstein et al 2020

Gurney et al 2018, 2020, 2021

Moran et al 2018

Seto et al 2021

Wiedmann et al 2021
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Numerous recent studies show that most US GHG emissions are from
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Jones et al 2018

Goldstein et al 2020

Gurney et al 2018, 2020, 2021

Moran et al 2018

Seto et al 2021

Wiedmann et al 2021

Key issues in counting:

city, urban definitions

type of emissions: upstream (import), downstream (exports & waste),
goods & services
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GHG emissions from cities
Numerous recent studies show that most US GHG emissions are from
cities, but the exact proportion depends on how and where you count:

Jones et al 2018

Goldstein et al 2020

Gurney et al 2018, 2020, 2021

Moran et al 2018

Seto et al 2021

Wiedmann et al 2021

Key issues in counting:

city, urban definitions

type of emissions: upstream (import), downstream (exports & waste),
goods & services

(not always accounted for: how cities shape local microclimates;
a!uence in terms of wealth and income)
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GHG emissions from cities

Screenshot from Gurney et al 2020
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Hsu et al, 2019
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