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AI impact on energy & climate? data centres!

Fan, Y. V., Wilson, C., & Kamiya, G. (under review). Data Centre Energy Demand Projections within Shared Socioeconomic Pathways.



Long-term energy footprint of AI data centres projected to 
scale rapidly … but <20% of commercial buildings in 2050

Wilson, C., V. Krey, F. Maczek, Y.V. Fan, B. Zakheri, A. Javaid, A. Mastrucci, R. Paccou, H. Beath, J. Bieser, V. Coroamǎ, F. Creutzig, E. Masanet, B. van Ruijven, and K. 
Riahi (under review). Digitalisation and AI Impacts on Energy Transitions and Long-Term Climate Targets. Preprint available at: https://doi.org/10.21203/rs.3.rs-8941019/v1
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What are the long-term implications of digitalisation
for climate?

1. Digitalisation and (or including) AI

2. ICT infrastructure and digital applications

3. Good news and bad news stories

4. Energy transitions and long-term climate targets



Digitalisation impact on energy & CO2 is diffuse (GPT!)

Kaack et al. (2022). 
"Aligning artificial 
intelligence with 
climate change 
mitigation." Nature 
Climate Change. 
doi.org/10.1038/s4155
8-022-01377-7

direct (infrastructure)

indirect (applications)

systemic



Digital transformation of electricity systems 

IEA (2017) Digitalization & Energy. International Energy Agency, Paris, France.
70

THE SMART ELECTRICITY SYSTEM
The electricity network is now 
becoming more decentralised.

This means there will be more numerous 
and smaller sites of generation across the 
country, not just the large, centralised power 
stations with which we are familiar. There will 
be new sources of demand, as millions of 
EVs and heat pumps connect to the system. 
A previously one-directional system is 
transforming into something more dynamic. 

But it is not a matter of adding ever more 
generating capacity and cables. The 
transformation of the electricity system is an 
opportunity to exploit new forms of system 
flexibility in how energy is generated and 
consumed. This flexibility allows supply and 
demand to be shifted in time or location, 
so they are matched in the most efficient 
way – keeping costs down for consumers. 
For example, smart technology and 
time-of-use tariffs can help consumers 
charge EVs during off-peak periods – 
when energy is cheaper and cleaner. 

Our analysis suggests that a smarter, more 
flexible system could unlock savings of up 
to £12 billion per year by 2050 (2012 prices), 
compared to a system with low levels of 
flexibility97 – primarily because being able to 
respond more quickly and shift electricity 
around more easily means less generation 
and network needs to be built. This will 
lower costs for the customer of the future.

By 2050, the domestic market for smart 
systems and flexibility solutions, including 
EV smart chargers and smart network 
equipment, could contribute almost 
£1.3 billion to the nation’s economy, with 
exports of these products and services 
adding a further £2.7 billion (2020 prices). 
The domestic market for smart systems 
equipment and related services could 
support 10,000 jobs by 2050, with a further 
14,000 jobs supported by export markets.98 
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High-impact digital applications across the economy

‘general purpose’
apps, platforms, services

impacts energy demand

👍 substitution, optimisation

👎 rebound, induced demand

digital transformation of 
electricity systems 

affects renewable energy

👍 integration, coordination

👎 fragmentation, private benefits



Empirical evidence on digital application impacts
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Scenarios to explore future uncertainties

Reference
(SSP2)

Undermine-
Extreme

Undermine-
Cautious

Enable-
Cautious

Enable-
Extreme

 digital-climate alignment uncertainties 

climate ambition
uncertainties 

CurPol

2°C

No new climate policy
post-2030
Climate policies
for below 2°C

Sectoral economic
incentivesweak pricing of climate externalities strong incentives for

efficient use of energy

Rebound constraintsstrong benefits from more activity limits on activity growth

User behaviour
normsconspicuous consumption norms sufficiency norms

Market design &
regulationregulatory capture by AI firms integrated markets for

climate solutions

scenario elements affecting application-level energy impacts
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scaling impacts over time

Enable Undermine

scenario storylines

2025 2050

slowfast

scaling impacts spatially

12 regions ~ digital transformation

example application

Scenario storylines map onto quantitative modelling
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Finding (1): Digitalisation has large & uncertain impacts on 
energy demand

largest impact 
in transport

ICT small % 
share

ICT
transport
industry
buildings
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Finding (2): Digitalisation impacts the ability of the energy 
system to decarbonise (without strong climate policy)

Enable scenario has smaller system & higher VRE share

(VRE = variable renewable energy)
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Finding (3): Digitalisation impacts electricity system 
flexibility and so integration of variable renewables (VRE)

storage in 2050:

2 TW (Enable)

6 TW (reference)

7 TW (Undermine)

* includes strong 
climate policy



Finding (4): Strong synergies between climate-aligned 
digitalisation and climate policy for reducing CO2

uncertainties 
≈ SSPs

current 
climate policy

strong (2°C)
climate policy



Finding (5): Digitalisation can cost of reaching 2°C in half

right-to-left in 
each scenario = 
successive 2x 
carbon price

lower costs as 
digitalisation aligns 
with climate ambition

higher costs as climate 
ambition strengthens

affects
p (<2°C)



Finding (6): Climate-misaligned digitalisation compromises 
feasibility of Paris climate targets

Enable-
Extreme

531 GtCO2

2060

82%
IPCC definitions:
likely = >66%
very likely = >90%

Undermine-
Extreme

796 GtCO2

2066

69%

 
CO2 to 2050

Net zero year

p(<2°C)

overshoot & 
negative emissions
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Concerted action needed to align digital transformation 
(including AI) with progress towards climate targets 
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Concerted action needed to align digital transformation 
(including AI) with progress towards climate targets 

Priority (1):
digitally-enabled mobility

- urban planning, market access
- anticipate induced demand 

Priority (2):
electricity system transformation

- incentives & regulations for
public goods > private benefits
- innovation investments (esp. AI)

Priority (3):
explicit analysis,
optimistic and pessimistic

- impact assessments inc. rebound
- Scope 3 CO2 tracking & reporting



What’s missing? Systemic effects of digitalisation amplify 
outcome uncertainties: productivity, jobs, democracies!

Kaack et al. (2022). 
"Aligning artificial 
intelligence with 
climate change 
mitigation." Nature 
Climate Change. 
doi.org/10.1038/s415
58-022-01377-7

ICT infrastructure

applications

systemic effects


