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Where do greenhouse gas (GHG) emissions come from?

What actions can we take in different sectors to reduce GHGs?

What macro-level strategies do we have to enable these actions?
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4Source: [IPCC AR6 WG3 SPM 2022] 



Greenhouse gas emissions by sector

Figure data based on [IPCC AR6 WG3 SPM 2022]. Percentages shown do not add to exactly 100% due to rounding to two significant figures. 5



A new sector? 
Impacts from AI computation & hardware

Operational impacts 
from energy & water 
consumed during 
computation

Embodied emissions & 
materials impacts from 
production, transport, 
and disposal of hardware

6Kaack, L. H., Donti, P. L., Strubell, E., Kamiya, G., Creutzig, F., & Rolnick, D. (2022). Aligning artificial intelligence with climate change mitigation. Nature Climate Change, 1-10.

in 2020



Data center electricity demand is rapidly growing
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2010 2018

> 2x increase 
btwn 2019 and 2026

[right] Source: IEA, “Electricity 2024: Analysis and forecast to 2026”
[left] Rough estimates, based on: 
Masanet, Eric, et al. "Recalibrating global data center energy-use estimates." Science (2020)

6% increase 
btwn 2010 and 2018

(despite 5.5x increase 
in compute instances)
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Source: 
https://ourworldindata.org/co2-
and-greenhouse-gas-emissions 
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Importance of 
sustainable 
development

Source: [IPCC AR6 WG3 TS 2022] 
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Climate change mitigation

Mitigation: Reducing or preventing GHG emissions

Figure data based on IPCC AR6 WG3 Report (2022). Percentages shown do 
not add to exactly 100% due to rounding to two significant figures. 13



Climate change mitigation

Mitigation: Reducing or preventing GHG emissions

Sectors
Energy supply
Transportation
Buildings
Industry
Agriculture
Forestry
Other land use
CO2 removal

Figure data based on IPCC AR6 WG3 Report (2022). Percentages shown do 
not add to exactly 100% due to rounding to two significant figures. 14



Mitigation: Reducing or preventing GHG emissions

Sectors
Energy supply
Transportation
Buildings
Industry
Agriculture
Forestry
Other land use
CO2 removal

Climate change mitigation

Energy-related emissions
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Mitigation: Energy-related emissions

Conceptual framework based on Kaya identity:

GHG emissions = population   x                                  x                                  x
service

population

energy

service

GHG emissions

energy
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Conceptual framework based on Kaya identity:

Mitigation: Energy-related emissions

Reducing consumption

Example: Passenger cars
Service = vehicle-kilometers

Reduce number of miles driven
▸ Individual change: Move closer to work
▸ Systemic change: Dense urban areas

Increase passengers per trip and vehicle

General energy-
related sectors

Individual behavior changes

Systemic changes & structural improvements

GHG emissions = population   x                                  x                                  x
service

population

energy

service

GHG emissions

energy
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Example: Passenger cars
Service = vehicle-kilometers

Reduce number of miles driven
▸ Individual change: Move closer to work
▸ Systemic change: Dense urban areas

Increase passengers per trip and vehicle

Individual behavior changes

Systemic changes & structural improvements



Conceptual framework based on Kaya identity:

Mitigation: Energy-related emissions

Improving efficiency

GHG emissions = population   x                                  x                                  x
service

population

energy

service

GHG emissions

energy

Example: Passenger cars
Service = vehicle-kilometers

Improve vehicle efficiency (e.g., fuel economy)

Drive more efficiently

Switch to other transport modes (e.g., bikes)

General energy-
related sectors

Efficient end-use technologies

Efficient generation technologies
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Improve vehicle efficiency (e.g., fuel economy)

Drive more efficiently

Switch to other transport modes (e.g., bikes)

Efficient end-use technologies

Efficient generation technologies



Conceptual framework based on Kaya identity:

Mitigation: Energy-related emissions

GHG emissions = population   x                                  x                                  x
service

population

energy

service

GHG emissions

energy

Switching to clean energy

Example: Passenger cars
Service = vehicle-kilometers

Switch to battery electric vehicles

Switch to alternative fuels (e.g., electrofuels, 
solar fuels, hydrogen)

General energy-
related sectors

Electrify & switch to low-carbon power 

Replace fossil fuels with clean alternative fuels
19

Switch to battery electric vehicles (powered by 
a clean grid)

Switch to alternative clean fuels (e.g., 
electrofuels, solar fuels, hydrogen)

Electrify & switch to low-carbon power 

Replace fossil fuels with clean alternative fuels



20Source: https://ourworldindata.org/low-carbon-electricity 

https://ourworldindata.org/low-carbon-electricity
https://ourworldindata.org/low-carbon-electricity
https://ourworldindata.org/low-carbon-electricity
https://ourworldindata.org/low-carbon-electricity
https://ourworldindata.org/low-carbon-electricity


Mitigation: Energy-related emissions

Conceptual framework based on Kaya identity:

GHG emissions = population   x                                  x                                  x
service

population

energy

service

GHG emissions

energy

Reducing consumption

Improving efficiency

Switching to clean energy

21



Mitigation: Reducing or preventing GHG emissions

Sectors
Energy supply
Transportation
Buildings
Industry
Agriculture
Forestry
Other land use
CO2 removal

Climate change mitigation

Energy-related emissions

Land use (AFOLU) emissions
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Mitigation: Land use emissions

GHG emissions result from (e.g.)

▸ Land use changes (forests, 
peatlands, etc.)

▸ Livestock
▸ Fertilizer use 
▸ Crop cultivation practices

Complex to assess effects of 
interventions
▸ Natural systems are in 

complex carbon cycle
▸ Interactions between climate 

system, natural factors, 
socioeconomic factors

A
F

O
L

U
:

Figure source: [IPCC AR6 WG3 AFOLU 2022] 
23



Natural systems

Prevent deforestation

Preserve peatlands and 
coastal wetlands

Protect biodiversity

Protect indigenous rights

Agriculture

Improve land mgmt.

Reduce fertilizer use

Reduce cows & ruminants

Improve cultivation 
practices

Demand-side measures

Reduce losses in food 
supply chain

Dietary change

Change wood 
procurement practices

Example mitigation strategies: Land use

See also: [IPCC AR6 WG3 AFOLU 2022] 

Monitoring: E.g., via remote sensing

24



Mitigation: Reducing or preventing GHG emissions

Sectors
Energy supply
Transportation
Buildings
Industry
Agriculture
Forestry
Other land use
CO2 removal

Climate change mitigation

“Negative emissions”

Land use (AFOLU) emissions

Energy-related emissions
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Mitigation: Negative emissions strategies

Negative emissions strategies remove CO2 from the atmosphere

26

▸ Carbon capture and storage (CCS): Use sorbents to capture CO2 

from exhaust or directly from air
▹ Related: Bioenergy with carbon capture and storage (BECCS)

▸ Enhancing natural sinks: Afforestation, reforestation, soil carbon 

restoration, peatland restoration, etc.

▸ Biochar: Pyrolize plant materials & store underground



Mitigation: Reducing or preventing GHG emissions

Sectors
Energy supply
Transportation
Buildings
Industry
Agriculture
Forestry
Other land use
CO2 removal

Climate change mitigation

“Negative emissions”

Land use (AFOLU) emissions

Energy-related emissions
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28
Source: [IPCC AR6 WG3 SPM 2022] 

Some mitigation options are 
already more cost-effective than 
the prior alternative(s) 

Others require policy, regulation, 
and innovation support



29https://www.climateinteractive.org/en-roads/ 

En-ROADS: Test out the impacts of different strategies!

https://www.climateinteractive.org/en-roads/
https://www.climateinteractive.org/en-roads/
https://www.climateinteractive.org/en-roads/


Where do greenhouse gas (GHG) emissions come from?

What actions can we take in different sectors to reduce GHGs?

What macro-level strategies do we have to enable these actions?

Outline
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Public policy & regulation (international, national, sub-national)

Markets & finance

Technology & innovation

Corporate action

Individual action

Routes for action

31



Targets (mandatory or voluntary)

▸ International: UNFCCC and COP (Kyoto Protocol, Paris Agreement)

▸ At national or sub-national levels

Regulation, standards, and investments

Carbon pricing

▸ Carbon tax: Tax per unit of CO2 or CO2-eq emissions

▸ Carbon markets: Emissions trading under some agreed-upon CO2-eq 

cap (i.e., cap-and-trade or emissions trading system)

Policy levers to reduce/limit GHG emissions

32



UNFCCC international treaty signed in 1992 as “as a framework for 

international cooperation to combat climate change”

▸ Established annual forum, called the Conference of Parties (COP)

Kyoto Protocol (adopted 1997, into force 2005) legally binds developed 

countries to emissions reduction targets

Paris Agreement (2015) requires all countries to set emissions pledges, 

called Nationally Determined Contributions (NDCs)

UN Framework Convention on Climate Change (UNFCCC)

33
See: https://unfccc.int/process/the-convention/history-of-the-convention 
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Analysis of NDCs

Figure source: [UNEP 2025] 

New NDCs are more ambitious 
than previous, but are still not 
sufficiently ambitious to meet 
1.5°C or 2°C targets 
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The power of local action

Source: 2025 Global Covenant of Mayers Impact Report (https://www.globalcovenantofmayors.org/impact2025/) 

https://www.globalcovenantofmayors.org/impact2025/
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The power of local action, ctd.

Source: https://iclei.org/our_network/ 

https://iclei.org/our_network/
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The power of local action, ctd.

Source: 2025 Global Covenant of Mayers Impact Report (https://www.globalcovenantofmayors.org/impact2025/) 

https://www.globalcovenantofmayors.org/impact2025/
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Ziegler and Trancik (2021) before 2018 (end of data), BNEF Long-Term Electric 
Vehicle Outlook (2023) since 2018, BNEF Lithium-Ion Battery Price Survey (2023) 
for 2015-2023, RMI analysis.

Clean technologies are 
often less expensive



Corporate climate action

39Figure source: The 1.5°C Business Playbook

https://exponentialroadmap.org/wp-content/uploads/2020/09/1.5C-business-playbook-version-1.1.pdf
https://exponentialroadmap.org/wp-content/uploads/2020/09/1.5C-business-playbook-version-1.1.pdf
https://exponentialroadmap.org/wp-content/uploads/2020/09/1.5C-business-playbook-version-1.1.pdf


Corporate climate action, ctd.

40Figure source: regreener.earth 

https://www.regreener.earth/blog/internal-carbon-pricing


Individual action

41

Combined with action from 

governments & businesses,          

and with other systemic change, 

individual behavior can play a role

Individuals can also help drive 

systemic action, e.g.:

▸ Speaking up to drive policy, 

corporate, & collective action

▸ Leveraging their skills through 

their careers or through 

volunteer engagement

Figure source: https://www.wri.org/insights/climate-impact-behavior-shifts 
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How do I pick which (mitigation) strategy to work on?

Recognize that diverse actions are needed – no one “right” answer

Be guided by an order-of-magnitude estimate of impact

Ask:

▸ Where might my skills and interests have additionality?

▸ Do I have buddies or networks with relevant complementary 

skillsets and/or that can help shape pathways to deployment?

▸ What do I enjoy doing on a day-to-day basis? What brings me joy?

42
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