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The scene X DO =

The AI hype has created contradicting views about its environmental impact.

Climate Porta

Commonlall *
oo e Is Al's energy use a big
eiicali problem for climate change? Al FOR A
The dark side of Al: Climate chaos,
pollution, and injustice £ bl s el
will take more computationally efficient Al models, more

Massive data centers pose serious risks to Black and brown energy-efficient data centers, and new clean energy to power it
all.

Al has created an unexpected surge in energy demand, and with

communities

N
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THE ROLE OF Al IN UNDERSTANDING AND PREDICTING
EXTREME WEATHER EVENTS

by DWAIGN TYNDAL

Image from New Scientist

CLIENT Climate Intelligence


https://www.newscientist.com/article/mg26335040-700-dramatic-images-show-the-dark-side-of-cobalt-mining-boom/
https://arxiv.org/pdf/2510.24373
https://climateintelligence.eu/2025/03/the-role-of-ai-in-understanding-and-predicting-extreme-weather-events/

Data centre energy demand O\X} =

By 2030, the electricity demand of data centres will double globally (and four-fold in the worst-case)

Estimated date-centre electricity demand in 2023 and 2030, TWh, according to a range of analysts

Semianalysis (upper’estimate)

Germany’s electricity
demand: 520 TWh/yr IEA'headwinds'
2025 2026 2027 2028 2029
Source: |IEA, Goldman Sachs, Deloitte, Boston Consulting Group, Gas Exporting Countries Forum, Liebreich Associates, carhoanef

Semianalysis, Schneider Electric, International Data Corporation, Jeffries (2024).

IEA: International Energy Agency



The agenda

« Digitalisation and environmental sustainability
- Deep dive: Energy and carbon footprint of digitalisation
« How can AI contribute to environmental sustainability?

« The way forward

What we discuss today:
... the real impact (beyond AI) ...

... the real impact (beyond data centres) ...

WIRTSCHAFTS
UNIVERSITAT
WIEN



The problem

"The environment cannot be improved in conditions of poverty.
Nor can poverty be eradicated without the use of science and
technology.”

Indira Gandhi, then Prime Minister of India
Stockholm Environment Conference, 1972

Image from: livemint


https://www.livemint.com/opinion/columns/remembering-the-legacy-of-indira-gandhi-11635706989957.html

The scope: ICT B
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Background image and more info: Carbon Trust


https://ctprodstorageaccountp.blob.core.windows.net/prod-drupal-files/documents/resource/public/Carbon-impact-of-video-streaming.pdf
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The scope: lifecycle environmental impact:.....

Energy for:

Energy, also for: — f . .
Mining - Operation of devices (electricity)
Transport e R ALY

Manufacturing Al Manufacturing Operation

Waste treatment o NN

etc.

prer

: : ‘ Internet network

]

Background system
——> Mass and energy flows
“—= Data flows

Source: Istrate et al. 2024



https://www.nature.com/articles/s41467-024-47621-w

The “scope” of the impact O\BO “lj%:?és:‘

Complexity in assessment: Scope 1: onsite > Scope 2: utilities > Scope 3: Supply chain/end-of-life

Example: GHG emissions

N,O
SFe CH, A NFCs

NFs
CO, PFCs :

SCOPE 2 SCOPE 1 SCOPE 3
INDIRECT DIRECT INDIRECT
EMISSIONS FROM EMISSIONS FROM EMISSIONS OF THE
ENERGY / UTILITIES SOURCES (ON SITE) CHAIN SUPPLY OR SERVICE

Source: ITU, Assessing Al environmental impact



https://www.itu.int/dms_pub/itu-s/opb/gen/S-GEN-GDA.001-2025-PDF-E.pdf
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The terms: ICT vs. digitalisation O\ O “U

Digital content consumption is only a fraction of the ICT footprint, and that is part of digitalisation

« ICT (the sector)

o Data centres, transmission networks, and end-use devices.

- Digital content consumption

o End users interacting with the internet to meet certain demands (web surfing,
texting, video-streaming, video conferencing, etc.)

- Digitalisation
o Economy-wide, including impacts on other sectors (health, food, energy, etc.).
o Impacts can be both positive (enablement) and negative (rebound effects)



-

enwronmental Sustalnab 1]

~ Digitalisation 8& = =

L

\ ( | " I

"‘: .";

i ~ B “,.' Y .
- Y’

-9 b

* N ® - s — $ .?
. ¥



The direct environmental impact of ICT

Rapid growth and scale of digitalisation:
o expanding rapidly (more processes/use cases)

o connecting billions of devices: massive resource use throughout the ICT sector

 High energy consumption (including its impacts)

o Water, air pollution, land use, GHG emissions, etc.

- Water withdrawal and resource extraction

o From water to rare earth and critical metals with major sustainability issues
(mining, equality, supply-side concentration, etc.)

- E-Waste, air pollution, water eutrophication, etc.

o Short lifespan of devices and low rate of recyclability

« Climate impact

o Both for the manufacturing and operation

For a full list of environmental impacts, see Istrate et al. 2024
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Image from: scmp


https://www.scmp.com/news/china/science/article/3285049/ai-may-produce-millions-tonnes-electronic-waste-2030-study-finds
https://www.nature.com/articles/s41467-024-47621-w

ICT and freshwater use X O Wz

Al’s water withdrawal globally could reach as large as half of the UK by 2027

Annu?l Water
« Under growth scenarios, Al could drive 4.2-6.6 billion m3 Consumption (gallons)
of water withdrawal by 2027 (Li et al. 2025)

« Water for cooling (Scope 1) and mostly water for electricity
(Scope 2, ~60%)

] ] _ Data Center
«  Water consumption in the semiconductor industry is (15 megawatt)
~10 times data centres (Sandhu et al. 2025) 130M

= Imbalance: More than 70% of data centres in the US are
built in areas with high water stress

Image from: David Mytton


https://arxiv.org/pdf/2304.03271
https://www.sciencedirect.com/science/article/pii/S2589004225018371
https://davidmytton.blog/how-much-water-do-data-centers-use/
https://davidmytton.blog/how-much-water-do-data-centers-use/

The water use of LLMs vs. other activiti >O “U

A conversation with ChatGPT uses 5 times more water than a Google search

Context is useful, but it should be used carefully: because we use/waste a lot of resources elsewhere, we
shouldn’t forget AI!

One

o
o
3 hamburger e Leaking
(~660 gallons) L igise Ss
(One day)
o
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g 8 ChatGPT TV inaUs g3
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queries home = g/ useglobally
(~1 gallon) (~4 gallons) Py (One day)
' .
o
ChatGPT v Hamburger
ChatGPT Leaking pipes
Sources: Li, Ren et al., 2023; U.S. Census Bureau; UNEP Liemberger & Wyatt, 2019 ; Liemberger & Wyatt, 2020

Source: John August 20


https://johnaugust.com/2025/more-on-ai-environmental-costs

The water impact: eutrophication and ecotoxicity

Digital content use is responsible for >10% of the sector’s carrying capacity

Besides withdrawal, ICT has a
significant impact on the water bodies
through wastewater.

Eutrophication/ecotoxicity depend on
the location, i.e., where electricity
and cooling water are sourced and
treated.

A study of 3 semiconductor industry
sites in China found high levels (~10-
100 times more than normal) of
toxic material (PFAS) in wastewater
that is hard to remove (Qiao et al.,
2025).

Ultrapure Water Treatment Systems Market

Share, by End Use, 2024 (%)

Source: GrandViewResearch

@® Semiconductor
Pharmaceuticals
Power Generation
Food & Beverage

® Healthcare

® Others


https://pubs.acs.org/doi/abs/10.1021/acs.est.5c02035
https://pubs.acs.org/doi/abs/10.1021/acs.est.5c02035
https://www.grandviewresearch.com/industry-analysis/ultrapure-water-treatment-systems-market-report

Material use of ICT and Al CTHHUT\URE-;O-;NET.ON WU--

Among all, the material use of digital content has the highest risk of exploitation.

f. Resource use,
« Copper: A hyperscale datacentre needs mineral and metals

~50,000 tonnes of copper. el [—

« The copper supply gap of 6 million tonnes by
2035 if demand keeps rising.

 Rare earth elements (REE) have a high
supply risk due to concentration in
mining/refining in China.

10-2 kg Sh-eq year—*!
% of per capita carrying capacity

« Lithium and cobalt (devices +
backup/storage): The demand conflicts with

& L O O

. e R e,
EVs and batteries. <SRG
Q,,)Q ,LQ Q,,JQ
v v

i 1 i 1 End-user devices | operation CPE | operation

+ Material use will grow irrespective of the S e el e (S
CI i mate scena rio . Access network | operation @ Data centres | operation
Core network | operation @ Data centres | embodied

Source: Istrate, et al. (2024) Nature Communications A Share of per capita carrying capacity (right y-axis)



https://www.nature.com/articles/s41467-024-47621-w

Supply chain bottlenecks of materials for ICT

Most ICT material needs to pass through China and competes with green technologies

Key ICT materials: Copper, lithium, cobalt, and rare earth elements

Geographical distribution of refined material production for key minerals
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Material impacts: the environment and inequality

Extractive mining has both sustainability and equality issues.

.......

S

Source: Somo Source: ArcGIS

Examples of the impact of cobalt mining in the Democratic Republic of Congo (DRC)


https://storymaps.arcgis.com/stories/bef0427ae7e54e63b72a2db93c4010d8
https://www.somo.nl/cobalt-blues-2/

Electronic waste
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The world’s e-waste is rising five times faster than recycling.

E-waste is growing by 32% to
82 million tonnes per year by
2030.

Digital devices (including
monitors and TVs) are
responsible for ~17% of

electronic waste globally (source:

the global e-waste monitor)

Of 10.5 billion kg of digital e-
waste, only 24% is recycled.

Image from: scmp


https://www.scmp.com/news/china/science/article/3285049/ai-may-produce-millions-tonnes-electronic-waste-2030-study-finds

Reminder: Carbon budget O\>00 “U

Starting 2025, only ~ 2 years left to limit the warming to 1.5°C (with 67% likelihood)

L5 1.7°C 2C

....there is this much CO: left to emit

l i Emissions

CO2,in Gt*
emissions
1850-2024

CO, in the Atmosphere

2,660

INTERACTIVE Net Removals
-y

Years left until 2 9 21

carbonbudget oe eevoowvee POTPPOINOONNOINOOIINRY

exceeded

{starting 2025,

years rcunded;

Source: Phys.org


https://phys.org/

ICT and climate
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41% of the carbon budget* will be exhausted under the current energy and digital scenarios.

« Carbon footprint of digital content consumption:
~230 kg-CO2-eq/yr per person (global average)

(~4-6% of the total GHG emissions of an individual)

« A climate-compatible energy system will reduce
the climate impact of digital consumption
significantly (to ~12% of the remaining carbon
budget)

Digital content carbon
footprint -> 2030

—

Global carbon
budget*

@ End-user devices | operation
@ End-user devices | embodied

«

a. Climate change
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/\ Share of per capita carrying capacity (right y-axis)

*Carbon budget for meeting 1.5C with likelihood of 67%

Source: Istrate, et al. (2024) Nature Communications

@ Data centres | operation
@ Data centres | embodied


https://www.nature.com/articles/s41467-024-47621-w

AI and Data Centres (DCS) \x

I

Image from Einancial Times



https://ig.ft.com/ai-data-centres/

Data centre energy use (Pre-AI) 0\30 “l/g“;;w

Computational efficiency kept the energy demand stable

Global trends in internet traffic and
data center energy use

Internet traffic and data center energy use
compared to 2010

20
Internet traffic: 16.9
15
10
Index 2010: 1
Data center
5 :
T energy use: 1.1
.n.'l.'.'.-.-.-.‘ ------- [ S S SR S S
0
2010 2015 2020

@ Source: IEA



Global energy and emission footprint O\w “U

DCs consume 1-29% of energy and emit less than 1% of CO2 emissions today*

So, why should we be worried about data centres?

Electricity consumption, TWh, and CO2 emissions, Mt, in 2024

[l Data centres Other sectors

Electricity consumption I 30,441

C0O2 emissions | 37,620

Source: |EA global energy review 2025, CO2 figures and report on energy and Al carbonB”ef

* This doesn’t include cryptocurrency.
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Global growth in electricity use to 2030 ° WU--

Data centre growth is not critical vs. other sectors, if seen at the global scale.

GLOBAL ELECTRICITY GROWTH

Data centres are expected to account for less than 10% of
the growth in electricity demand between 2024 and 2030*.

Industry excl. heavy industry -

But,
Elsclriefransperts : : ; Other sectors, like cooling,
Appliances - . are well distributed globally.

Space cooling : ;

Data centres i: Data centres, not!

Space and water heating % : :
Heavy industry -

Other -

0 500 1,000 1,500
Electricity-demand growth (TWh)

*Predicted trajectory under current regulatory conditions and industry projections.

Source: IEA. CC BY 4.0



Uneven distribution of data centres O\ O S
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Large data centres are clustered near internet network hubs and large demand centres.

Interactive map of data centre hubs alongside associated power and digital infrastructure

+
A
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© Planned hubs > 500 MW Singapore

[l Operating hubs > 500 MW \,i/‘

[l Operating hubs < 500 MW

Sao Paulo
O 500 5 Johannesburg
O .
Infrastructure Santiago =4
— Submarine fibre 2 Melbourne
Terrestrial fibre Q

High voltage power lines

© Mapbox © OpenStreetMap Improve this map



The AI energy/power problem O\w “U

Two main types of servers: Traditional (CPU) vs. AI (GPU/TPU)

« Graphical processing units (GPUs) are well-suited for parallel computing and
high-performance tasks (Al, machine learning, simulations, rendering).

« Central processing units (CPUs) are suitable for general-purpose tasks (web
hosting, application servers, databases, and transactional workloads).

« GPUs have higher idle power Al Data Centers
consumption and cooling e Energy vs. Power
requirements. -

&

« GPUs are more performant and energy s
efficient for parallel tasks.

« GPUs demand higher power capacity ™ pes
Wh||e USing |eSS energy Traditional server (CPU)

Tapu Teu Time (h)

Energy (kWh) = Power (kW) x Time (h)



The widespread use of AI in many applications is driving demand dramatically.

® = Al model* | =Mean 22 Wh 1,000 Wh
The energy required A battery with this much energy
to fully charge a smartphone could run a laptop for 20 hours
Type of task v
i : Google . ; : : 477
Image generation - search ™™ . ®@odo oo
o : ’ | ' 109
Image captioning - i ® o @
i E . 25
Automatic speech recognition - ! o e o &wpo om
| | g : :
Question answering - o e odoe o
: : 0.5
Text classification - : od] ¢
I | IIIIII§ I I llllll; I I ‘Illlllg | I IIIIIIE [ | I Illlllg I I |II|1|: | I III\II%
0 0.01 0.1 1 10 100 1,000 10,000

Total energy consumed (in Wht) to perform a task 1,000 times

Tests conducted on 20 popular open-source models. Each dot represents one model; 11 Watt-hour represents power consumption of 1 W extended over 1 hour.

Source: Luccioni, et al. (2024) Nature


https://www.nature.com/articles/d41586-024-02680-3

Problem of the data centre boom O\X} “U

Data centres demand ~229% of Ireland’s national electricity.

Rv raginn Select countries and regions
« Regional hubs: Virginia (USA) hosts 31% of 5 S
the global hyperscale data centre capacity. = / -
« The power grid is already under stress in data 200 @ 20% %
centre hubs. S
« The interconnection queues are long (multiple = i
years).
100 10%
« The growth of data centres is much faster ©
than that of clean electricity in these regions. 50 [] 5%
O , o
0 —_— 0%

US China EU27 [E SG

Notes: N. Am. = North America. APAC = Asia Pacific, including Oceania. RoW = rest of world, including Latin America, Africa, and the Middle
East. EU27 = European Union 27. |E = Ireland. SG = Singapore. Source: Luccioni, et al. (2024) IEA/4E


https://www.iea-4e.org/wp-content/uploads/2025/05/Data-Centre-Energy-Use-Critical-Review-of-Models-and-Results.pdf

The data centre—climate dilemma

Meeting data centres’ electricity demand (rapidly) is not aligned with climate goals.

« In Dublin, 50% of electricity demand

comes from data centres. Data centre boom under Al growth in Ireland threatening climate

] targets, report warns
¢ N ew d ata ce ntre conn eCtI ons are Friends of the Earth calls for ‘moratorium on new data centres and expansion of existing ones until robust

banned |n DUblln Untl| 2028- legislative framework is in place’

« The new regulation by the Irish
authority asks data centres to:

. Be flexible in reducing their load when the

grid wants

*  Match their demand with renewable energy 4 , a
on a 24/7 scale (and not only doing annual _ S o e powerorAs
accounting) Cleanenergyfor TG

the people, not

corporate profit




The AI boom exacerbating energy problems

Rapid access to reliable electricity is the key challenge.

« Hyperscale data centres seeking rapid build-out anywhere possible.

« Extension or new additions of fossil fuel power (20 GW of new natural gas, only in a

few data centre states in the US). Pollution from Big Tech’s data centre boom

_ _ costs US public health $5.4bn
- Data centres are being considered a N N - .
esearch suggests the price of treating illnesses related to building of computing

critical infrastructure to bypass climate infrastructure in the USis on the rise
targets (e.g., Virginia, US).

« Texas Senate Bill #6 (July 2025) asking
for the right to cut data centres from the
grid to permit accelerated access.

=» The data centre boom is threatening both
the climate and grid stability.

Data centres cause pollution through high electricity use © Elijah Nouvelage/Bloomberg



The political side of the data centre proble “U '''''''''
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From US to UK and EU: Data centres for national security and tech competitiveness

The US Secretary of Energy wants to change the regulations for connecting data
centres to the grid much faster (in 60 days).

United States
Department of Energy

US government depariment

‘... the nation’s ability to remain at the forefront of technological innovation depends on
an affordable, reliable, and secure supply of energy [to data centres]”.

teC h U K Centre on Regulation in Europe
FOR WHAT COMES NEXT

Secure Data Centres and

Their Role in The National Digital Sovereignty, Energy Resilience, and
Security Strategy Competitiveness

Seplember 30, 2025

From Grldlock to Grid Asset: Data Centres for
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The AI race and energy security O\ 0 “lj&fiﬁ?@*

New players and partnerships to win the Al-energy race

l

1 T
il ‘ ‘ Planned Al supercomputer clusters (selected countries)

South Korea

Fluidstack Gigawatt

campus, France Planned

3GW cluster §

DataVolt
Neom 1.5GW
campus
Stargate,
Abilene

S VIO RN - “ 2 T s

|- .ﬂ J#': 7 : q \“ ‘

& A o : E - ' UAE-US Al campus,
P 3 ;I/.: ¥ - . — 3 - Na UAE has signed deals Abu Dhabi

with US companies
for huge data centre
clusters

The US and UAE signed the plan for the world’s
largest data centre campus in the UAE (May 2025)

Sources: left, Fusion Chat; right, Financial Times


https://ig.ft.com/ai-data-centres/

Energy and environmental performance of data centres

Current metrics focus on input electricity. They don’t reflect computation and service.

&

Ratio of total energy
consumption to IT
energy consumption -
measures the
efficiency of the
building technology

~1.36

= PUE

Power Usage Effectiveness

Qf'

The lower, the better

REF

Renewable Energy Factor

100%

4R

T I

Proportion of a data
centre's energy
consumption from
renewable sources

~86%

Less water is used for

the same computing

power - especially for
cooling processes

0.58 m3/MWh

WUE

Water Usage Effectiveness

\m*/MWhH

T

ERF o

Energy Reuse Factor

b0

0 |

-

Share of reused
energy, in particular
waste heat

~2%

The higher, the better

(FI: ~50%)

Assessment of the energy
performance and sustainability of
data centres in EU

First technical report

AT &,

¥ Shape
> BORDERSTEP  with

Source: European Commission’s
First Technical Report (2025).
Image: Borderstep


https://op.europa.eu/en/publication-detail/-/publication/83be4c3e-5c79-11f0-a9d0-01aa75ed71a1/language-en?WT.mc_id=Searchresult&WT.ria_c=153343&WT.ria_f=8810&WT.ria_ev=search&WT.URL=https%3A%2F%2Fenergy.ec.europa.eu%2F
https://www.borderstep.org/data-centres-in-the-eu-facts-figures/

Assessing the carbon footprint of LLM

O
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Making the industry accountable for reporting life cycle GHGs of Al services.

Scope 3

Scope 2

Embodied COze

Operational CO,e
Manufacturing

Embodied COZe

Development

Scope 1
A,

Serving

Retirement

HVAC fugitive & onsite generation

Model
experimentation

A

Model training User inference

Fine tuning

Il Bulk inference
- I

DC hardware

transportation Iterative development

DC hardware
manufacturing

DC hardware
disposal & recycling

A

Cradle-to-grave

\

Source: Schneider, et al. (2025) Google preprint
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https://arxiv.org/html/2502.01671v1

Hot chips: Al servers’ carbon footprint 0\30 “U

The carbon intensity can be calculated per computational service

« New chips are more material-intensive: higher GHG emissions per unit

« Most GHG emissions come from the energy for the data centre operation

DC Construction M Manufacturing M Transportation

Scope 1 W Market-based Compute Energy [ Clean Energy Retirement
1000 3 times
' lower
o 584 VS.
O 750
o 498 2021
CCI: Compute % 445
Carbon Intensity S =50 380
O
s
O 343
3 250
“ : I 2
0 v4i voe v4 vop
2021 Versatile TPUs Dec 2024 Powerful TPUs
Inference chips Training chips

Source: Schneider, et al. (2025) Google preprint


https://arxiv.org/html/2502.01671v1

Carbon footprint of the semiconductor industry

The sector’s GHG emissions will be the highest in the EU by 2030

EU semiconductor industry High GHG emission sectors

Million tonnes of CO2-eq
8

8

2021 2030 2030 2030 2021 2021 2021
100% Renewable BAU Chemicals 1ron and International
renewables targets steel aviation
-Emissim 2021 Increasing scope 3 . Emissions 2030

Source: interface-eu


https://www.interface-eu.org/publications/chip-productions-ecological-footprint
https://www.interface-eu.org/publications/chip-productions-ecological-footprint
https://www.interface-eu.org/publications/chip-productions-ecological-footprint
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And the cryptocurrency industry?

The ugly part of the ICT environmental footprint.

Until recently, crypto mining (mainly
Bitcoin) electricity consumption was
comparable to data centres.

But crypto mining has higher GHGs
as it is mainly happening in countries
with dirtier grids.

No regulation, no control/monitoring,
no requirements for efficiency or
emissions reporting.

Bitcoin Devours More Electricity
Than Many Countries

Annual electricity consumption in comparison (in TWh)

China
USA 3,990

Germany 524

All the world's
data centers

Bitcoin® [ 143

205

Norway | 124
Bangladesh | 71
Switzerland | 56

Google 12

Facebook 5

* Bitcoin figure as of May 05, 2021. Country values are from 2019.
Sources: Cambridge Centre for Alternative Finance, Visual Capitalist

@®O statista %a



Data centres and renewable energy

THE FUTURE FOUNDATION

Data centre’s energy flexibility could be enhanced to be grid-friendly.

Al data centres could operate more flexibly, with some tasks like LLM
training having high latency.

Data centre load correlates with solar PV generation in many regions.

Sources of data centre flexibility:

O

O

O

O

O

O

Optimal task scheduling

Workload time shifting (e.g., Al tasks)
Smart cooling (thermal storage)
Geographical load balancing

Grid-aware operation (demand response)
On-site electricity generation and storage

User-side flexibility and awareness

Power load

— Total renewable energy =~ == Customer demand
Store/
export to market

Hybrid generation (renewable
& nonrenewable energy)

012 3 456 78 910112131415 16 17 18 19 20 21 22 23 24

Hour of the day

Image: Arthur D Little
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https://www.adlittle.com/en/insights/viewpoints/green-data-centers-opportunities-decarbonization
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The environmental impact of digitalisation

Direct impact (-)
o Attributed to the use of energy, water, material, etc. for

digital tools and computations (e.g., material for processing
chips, electricity for data centres)

Indirect impact (+/-)

o Attributed to the way digitalisation can impact a process for
which it is being applied (e.g., enhance efficiency of a
machine/process vs. increased user activity)

System-wide impact (?)
o Structural changes in the overarching system due to the

“digital transformation” (e.g., new business practices,
redesigns of a health system)

Economy-wide impact (???)

o The wider impact of digitalisation on economies, industries,
and lifestyles (beyond the process and overarching system)

Complexity of quantifying
the impact

Economy

Process

(Device)
- = ~
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The real impact of digitalisation

Positive Systemic effects Negative
environmental Behavioural change environmental
impacts \ (indirect impacts) / impacts Increased
Greener _ \ / consumption
consumption Nudging Systemic effects
choices consumers to Enabling effects
Systemic effects g \ Applications in non-ICT sectors /
\ (indirect impacts) /
\ / Resource
Energy savings in extraction
non-ICT sectors :
Enabling effects O
Resource
District heating eo.mumptlon
Direct effects Direct effects

Source: OECD Digitalization Papers



https://www.oecd.org/en/publications/review-of-relevance-of-the-oecd-recommendation-on-icts-and-the-environment_216766c6-en.html

What can we do?
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Carbon Impact of social media applications news feed

Greenspector - October 2021
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As more data centres crop up in rural communities, local opposition to them has grown.

Light bulbs have energy
ratings —sowhy can’t
Al chatbots?




Beyond data centres: end-user devices ...~

One less big monitor/TV at home has the biggest environmental contribution

~63% related to the user devices/operations

Using TVs is a major emitter of carbon emissions:
+  83% of user-side emissions
*  58% of manufacturing emissions

Data centres accounted for 25% of the digital carbon
footprint.

Video streaming is responsible for most of the carbon
emissions from networks (97%)

An average German emits ~850 kg CO2 per year for
their digital life.

(cf. 2450 kg for electricity and heat, 2200 kg for transport
fuel, 2750 kg for food)

(The numbers are based on an average user in Germany,

The CO, Footprint of
our Digital Lives

Estimated CO, emissions related to the use of
digital technologies per person and year (in kg)*
Networks:

Video streaming

® Social media
® Others Data Centers:

Backup (Cloud)
1] 1 KK
Use: 4 4
® Television
Laptop

® Data centers per
Smartphone

internet user”
Voice assistant

@® Search engine queries

849 kg

per year

346

Production:

@ Television

® Laptop

® Smartphone
Others

and before the recent AI hype)

Image from Statistica (based
on a study by The Oko-Institut)



Challenges X DO W=

THE FUTURE FOUNDATION

Transparency, accountability, and social responsibility in ICT's impact assessment

« The AI value chain (from chips to data centres) does not reveal/report its

environmental footprint, or when they do, the methods are not transparent or
expert-reviewed.

« Uneven, distributional effects of the Al race are extreme: typically, high
concentration in areas most under stress.

« The data centre water-accounting method must explicitly support time/locational
scheduling to lower stress.

« The energy accounting of data centres must move from annual matching to 24/7
carbon-free matching regulation.

« Semiconductor wastewater loads and treatment hurdles underscore the need for
point-of-use + centralised abatement and advanced oxidation.



Final notes X X0 W -

THE FUTURE FOUNDATION

The good, the bad, and the ugly

« The AI, like many other technologies, is not good or bad in itself.

« The Al boom has revealed and exacerbated the environmental sustainability
problems: excessive resource use, distributional effects, inequalities, waste, etc.

« The data centre boom is (re)shaping the narrative around the environmental
impact. The Al industry must be held accountable and responsible, not privileged.

« The user’s digital footprint must not be overlooked, especially beyond energy and
emissions, including the material footprint (lifetime extension, recycling, etc.).

« The AI hype + national security + industry dominance is creating wasteful races.

« The regulation must be put in place to reduce the environmental impact, including
the darker sides of the ICT (e.g., the semiconductor industry and crypto).
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Thank you! Any reflection and question is welcome!

The views presented here were those of the presenter, not the position of any institution or
group.

Dr. Behnam Zakeri

Assistant Professor, Deputy Head
Institute for Data, Energy, and Sustainability (IDEaS)
Vienna University of Economics and Business

Tel: + 43-1-31336-5677

E-Mail: behnam.zakeri@wu.ac.at
www.wu.ac.at/ideas
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