Al in Energy Transitions

The Netherlands Environmental Assessment Agency (PBL)

Grey Swans lecture, 17 June 2025

Professor Charlie Wilson
Environmental Change Institute, University of Oxford

Environmental Change Institute

IDODDLE

UNIVERSITY OF

The Impacts of Digitalised Daily Life on Climate Change = (0),43(0)23D)

European
c Research
Council

Consolidator Grant #101003083



Al impact on energy transition is diffuse (Al = GPT!)
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Al in energy transitions — outline of talk.

1. Digital transformation in the SSPs.

2. Al & data centres: direct impacts on energy.

3. Al use cases: indirect impacts on energy.

4. Al systemic impacts on energy transitions.
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Projecting digital transformation in global scenarios.

historical: E-Gov Development Index

1.0

0. NAM
_ WEU
3 0.8 /
E /
T ,
S ~ | ME+NA
2 SSA
o
=
=
=
O

2 . . : : : .
2004 2006 2008 2010 2012 2014 2016 2018 2020
Year

Fan Y.V. & C. Wilson (under review). "Digital Transformation in the Shared Socioeconomic Pathways." npj Climate Action. i D D D LE
1 S :\ s -



Projecting digital transformation in global scenarios.

historical: E-Gov Development Index
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Future digital divide compounds inequality in some SSPs.

relative digital transformation level in 2050
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Al in energy transitions — outline of talk.

1. Digital transformation in the SSPs.
2. Al & data centres: direct impacts on energy.
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Al impact on energy & climate = data centres?
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Energy-nungry Al data centres projected to scale rapidly.

Figure 5.28 =~ |Indirect data centres COz emisslons and COz emilsslons growth
by sector (not consldering Al impacts), 2024- 2030
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Energy-nungry Al data centres projected to scale rapidly.

Electricity consumption of Data Centre-Global
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Wilson, C., Fan, Y. V,, & Amanta, F. (2025). Oxford Energy Forum, Artificial Intelligence and its Implications for Electricity System(145), 10-15.
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Energy-nungry Al data centres projected to scale rapidly.

Electricity consumption of Data Centre-Global
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Long-term data centre energy footprints? Very uncertain.

Electricity consumption of Data Centre - Global SSP2

Overall (TWh)

6000
—&— Historical (Masanet)
--®- Gap (2017-2020)
®— |EA (Historical)
) i H ~®- |EA (base)
5000 - E 5 5 -®- IEA (Lift-off)
E : E ~-®- |EA (High efficiency)
i i i -®- IEA (Headwinds)
' ; ; ‘ —e— Efficiency-led (SSP2)
i E E E Demand-led (SSP2)
4000 A E i H
g SSP consistent projections
; E E Post 2030 . -
3000 : : : calibrated to elasticity of
§ : ' data centre energy demand
i ; § Systemic shift g Wl_th_ respeCt to .
2000 - ; e | digital transformation
\Demand-led . . observed historically
1000 - E Dl T = BNSG - g —— —e
S— i & ‘:,;';—;zz:_—_::—— § (shown here: SSP2)
. l ; ? : H
2 20'10 20}17 20520 20=24 20#30 20135 20'40 20'45 20'50
“*" YeeVanFan analysis. =as =

EEE 1 :. o ..=
https://idoddle.org/new-iea-report-on-ai-and-enerqy/ = SEEEEEEEEEEE H . - ma I D @ Da EEE


https://idoddle.org/new-iea-report-on-ai-and-energy/
https://idoddle.org/new-iea-report-on-ai-and-energy/
https://idoddle.org/new-iea-report-on-ai-and-energy/
https://idoddle.org/new-iea-report-on-ai-and-energy/
https://idoddle.org/new-iea-report-on-ai-and-energy/
https://idoddle.org/new-iea-report-on-ai-and-energy/
https://idoddle.org/new-iea-report-on-ai-and-energy/
https://idoddle.org/new-iea-report-on-ai-and-energy/
https://idoddle.org/new-iea-report-on-ai-and-energy/
https://idoddle.org/new-iea-report-on-ai-and-energy/
https://idoddle.org/new-iea-report-on-ai-and-energy/
https://idoddle.org/new-iea-report-on-ai-and-energy/
https://idoddle.org/new-iea-report-on-ai-and-energy/

Al in energy transitions — outline of talk.

1. Digital transformation in the SSPs.

2. Al & data centres: direct impacts on energy.

3. Al use cases: indirect impacts on energy.

4. Al systemic impacts on energy transitions.

iDODDLEE



Al impact on energy transition is diffuse (Al = GPT!)
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Many examples of climate-beneficial Al use cases.

How Al can advance climate action

Distilling raw data into actionable information

Improving operational efficiency
Forecasting

Speeding up time-intensive simulations
Accelerating scientific discovery

Rolnick, D. et al. (2022). "Tackling Climate Change with Machine Learning."
ACM Comput. Surv. 55(2): Article 42. doi.org/10.1145/3485128

&3 Climate Change Al

Slide by David Rolnick (McGill & Climate Change Al), presented at the Workshop on Digital & Climate Futures.

1314 May, IASA, Avstria. : i : . diffh |D©Dﬁ*—£




Al use cases: double-edged swords for energy.
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Al use cases: double-edged swords for energy.

CO, Emission reductions in the
Widespread Adoption Case, 2035 [kt C0,)
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Fig 5.30. Indirect emission reduction in end-use
sectors in the Widespread Adoption Case in 2035.

IEA. 2025. Energy and Al. Paris, France: International Energy Agency (IEA).
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Fig 5.31. An exploratory analysis of Al impacts on
emissions in 2035.
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Al indirect impact on energy via productivity & growth.

Figure 1. Al's predicted macro-level productivity gains vary substantially across studies

Predicted increase in annual labour productivity growth over a 10-year honzon due to Al (in percentage points)
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International collaboration

Implementation, evaluation, and governance capabilities

ata centres aside, the Al-energy transition narrative is
framed about opportunity.

THE GLOBAL PARTNERSHIP
ON ARTIFICIAL INTELLIGENCE

Shaping Al's impact

Reducing Al's
negative impacts
on the climate

Application and
compute-related impacts

Impact assessment

Areas of action for governments in supporting the responsible use of Al in the context of climate change
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1. Discrimination & Toxicity

Rena N 2. Privacy & security

3. Misinformation

4. Malicious actors & misuse

5. Human-computer interaction

6. Socioeconomic & environmental harms —

7. Al system safety, failures and limitations
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AI-CLIMATE RISK MAPPING
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Al risks for climate policy & governance
are not explicit in

Al ethics & governance frameworks
(e.g. EU Al Act)

Al-energy transition analyses & pathways
(e.g. IEA)
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Al in energy transitions (+ analytical challenges).

1. Digital transformation in the SSPs.
- empirical relationships with energy transition factors

2. Al & data centres: direct impacts on energy.
- global vs. local dynamics, geographic dispersion

3. Al use cases: indirect impacts on energy.
- standardised assessments, generalisability

4. Al systemic impacts on energy transitions.
- macro productivity, risks to climate policy & governance

iDODDLEE



Al in Energy Transitions

The Netherlands Environmental Assessment Agency (PBL)

Grey Swans lecture, 17 June 2025

Professor Charlie Wilson
Environmental Change Institute, University of Oxford

Environmental Change Institute
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