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How are the climate and the 
economy linked?
ECON-4210
Economics of Climate Change
Class 3



Today’s class

1. Questions?

2. Attendance

3. Today’s lecture: 
‣ Linking the economy and the climate

4. For next class…



Relationship between GHG emissions and 
economic output

• Stylized circular flow: 
‣ growth → emissions → warming → 

damages → policy → growth.

• Does climate change affect 
economic output directly? 

• Do climate policies necessarily
slow growth? Relative to what?

Source: Nordhaus (2013)



Richer countries emit more CO2 per person

Visualization:
https://ourworldindat
a.org/grapher/consum
ption-co2-per-capita-
vs-gdppc?time=2023 
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…but, economic growth has decoupled from 
emissions in wealthy countries

Source: https://ourworldindata.org/grapher/co2-emissions-
and-gdp-per-capita?time=1750..2025&country=~USA 
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What sectors emit the 
most GHGs globally?

…in the US? 



Sources of GHG emissions…



What percentage 
of electricity is 
generated from 
renewable 
sources (hydro, 
wind, solar, etc.) 
globally?
…in the US?



What percentage 
of electricity is 
generated from 
renewable 
sources (hydro, 
wind, solar, etc.) 
globally?
…in the US?

~34% globally
~26% in US

Source: https://ourworldindata.org/grapher/electricity-
mix?tab=line&source=total&metric=generation&frequency=annual 
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Fuel sources for electricity generation in US

Source: https://ember-energy.org/data/electricity-data-explorer/?entity=United+States&metric=pct_share 
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Fuel sources for electricity generation in GA



Fossil fuels have different carbon contents

Pounds of CO2 emitted per million British thermal 

units (Btu) of energy for various fuels:

Coal (bituminous) 205.7

Natural gas 117.0

• Natural gas emits about 57% 
of the CO2 that coal does 
per Btu.

• Cheap gas displaced coal in 
US generation after ~2008, 
largely due to hydraulic 
fracturing, which cut CO2 
emissions without any 
climate policy.



Will we ever stop using fossil fuels?
Covert, Greenstone, & Knittel (2016)

• Will the world use less fossil fuel in 2050 than today?

• Supply theory
‣Will we run out of cheap fossil fuels?

• Demand theory
‣Do cheaper alternatives displace fossil fuels?



A “supply theory” for getting off fossil fuels

• If fossil fuels become more 
scarce over time, that will 
reduce their supply (𝑆00 → 𝑆11)

• This drives up the equilibrium 
price of fossil fuels, and 
alternative fuels become more 
“cost competitive”
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A “supply theory" for getting off fossil fuels

• Technology shifts supply 
out.
‣ Fracking made shale oil and gas 

cheap to extract.

• Price falls, quantity rises. 
Scarcity recedes.
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A “supply theory" for getting off fossil fuels

• Proven reserves: recoverable at current 
prices and technology.

• Reserves have grown for 40 years. Most 
countries find more oil and gas each year 
than they use.

• Scarcity alone will not end fossil fuels in the 
foreseeable future. 
‣ Coal may be the exception.



A “demand theory” for getting off fossil fuels

• Consumers buy electricity, not fuel. 

• Renewable and fossil generation are 
substitutes.

• Cheaper renewables: 
‣ renewable supply shifts out, price 

falls, quantity rises.

• Fossil fuel demand shifts in: 
‣ less fossil-fueled electricity, at a 

lower price.
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Cost of renewable energy is falling

• LCOE:
discounted 
lifetime cost 
per MWh, so 
up-front and 
operating 
costs compare 
on one scale.

• Wind and 
solar are now 
the cheapest 
new 
generation. 

• Gas is close. 
• Coal and 

nuclear are 
not.

Source: 
https://www.lazard.com/med
ia/eijnqja3/lazards-lcoeplus-
june-2025.pdf 
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Cost-competitiveness  
and fossil fuels on 
campus

Source: https://docplayer.net/18490916-Historic-georgia-tech-
archibald-d-holland-central-heating-and-cooling-plant.html

Holland 
Steam 
Plant

Us, right 
now.

Natural 
gas/propane & 
electric boilers

Prof. 
Wichman’s 
office 
window



Renewables have a few challenges…

• Intermittency.
‣ The sun sets and the wind 

stops.

• Location.
‣ The best resources are far 

from people. 
‣ Transmission is slow and 

costly to build.

• Storage.
‣ Grid batteries shift midday 

solar to the evening peak. 
Costs are falling fast.

• As solar penetration increases, lots of generation during the “sunny” parts of day.
• But, risks over generation (supply > demand).
• Leads to curtailing solar and reduces value of adding more renewables.
• “Ramping” (i.e., firing up fossil generators) in the evening is costly.

Source: https://www.eia.gov/todayinenergy/detail.php?id=56880 
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The end of 
fossil fuels for 
electricity 
generation 
doesn’t seem 
likely based on 
market forces 
alone

• Coal plants (with 
lifespans of 40-
50 years) are still 
being built.



Does the “demand theory” work getting cars off of 
oil?

• Technology has cut the 
cost of alternatives to oil. Lithium-ion batteries fell by 99% in 

price since 1991.

• Price in 1991: $9210 / kwh
• Price in 2024: $78 / kwh



Comparing costs 
of cars and EVs

• Break-even battery price for a 
given oil price.
‣ E.g., how much would EV battery 

packs have to be to be competitive 
with ICE vehicles at a given oil price?

• Oil (WTI): 
‣ ~$80/bbl (Aug 2026).

• Higher oil prices raise the break-
even battery price. 

• EV battery packs averaged 
$108/kWh in 2025 (BNEF). 
‣ EVs are close to parity on this metric.



Electric cars use electricity…
…electricity is (still) predominantly generated by fossil fuels in the US

• Charging on fossil power still 
emits CO2, but EVs are generally 
more efficient

• The effect depends on the 
marginal generator: which plant 
ramps when you plug in, where, 
and when.

• Electrifying vehicles lets future 
renewable growth count for 
transport too.

Source: https://media.rff.org/documents/WP_23-09_qRXBRfb.pdf
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Not including the external costs of emitting GHGs 
is effectively the same as giving fossil fuels a 

massive subsidy.



-Covert, Greenstone, Knittel (2016)

“…in the absence of substantial greenhouse 
gas policies, the US and the global 

economy are unlikely to stop relying on 
fossil fuels as the primary source of 

energy.”



Key takeaways

• Technology cuts both ways: 
‣ cheaper fossil fuels and cheaper renewables.

• Wind and solar are the cheapest new generation, but imperfect substitutes 
(intermittency, location, storage).

• Coal-to-gas switching cuts CO2 but does not end fossil fuels.
• New electricity demand (data centers) is reviving nuclear and delaying coal 

retirements.
• Pricing externalities, CO2 and otherwise, is required for big reductions in fossil 

fuel use.



For next class

Why is climate change an economic problem?
Read: Keohane & Olmstead, Chs. 2, 4 & 5

www.caseyjwichman.com/econ4210#week2 
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