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https://www.cutter.com/article/environmental-impact-large-language-models


https://www.cutter.com/article/environmental-impact-large-language-models

Nachhaltigkeit

,Wir sollten mit den begrenzt zur Verfiigung stehenden Ressourcen sorgsam umgehen und nicht auf Kosten der Menschen
In anderen Regionen der Erde und auf Kosten zukinftiger Generationen leben. Nachhaltigkeit betrifft unsere Umwelt, alle
Bereiche unseres Lebens und Wirtschaftens.” (

https://lwww.bundesumweltministerium.de/themen/nachhaltigkeit/ueberblick-nachhaltigkeit)

'I MASSNAHMEN ZUM Weg in eine treibhausgasneutrale Wirtschaft und
KLIMASCHUTZ Gesellschaft

2030: Reduktion der Treibhausgasemissionen um 55% im
Vergleich zu 1990

2045/50: Klimaschutzziele sind erreicht

ths://www.bundesumweltministerium.de/themen/nachhaltigkeit/nachhaltigkeitszieIe-sdgs/sdg-13-massnahmen-zum-klimas
chutz


https://www.bundesumweltministerium.de/themen/nachhaltigkeit/ueberblick-nachhaltigkeit
https://www.bundesumweltministerium.de/themen/nachhaltigkeit/nachhaltigkeitsziele-sdgs/sdg-13-massnahmen-zum-klimaschutz
https://www.bundesumweltministerium.de/themen/nachhaltigkeit/nachhaltigkeitsziele-sdgs/sdg-13-massnahmen-zum-klimaschutz

Treibhausgas-Emissionen seit 1990 nach Gasen

Millionen Tonnen Kohlendioxid-Aquivalente
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Emissionen ohne Landnutzung, Landnutzungsinderung und Forstwirtschaft Quelle: Umweltbundesamt, Nationale Treibhausgas-Inventare 1990 bis

* angepasste Ziele 2030 und 2045: entsprechend der Novelle des Bundes-Klimaschutzgesetz (KSG) vom 12.05.2021 2023 (Stand 03/2025), fiir 2024 vorliufige Daten (Stand 15.03.2025)



Kl: 0kologischer Ful3abdruck

 Hardware: e.g. Chips: Herstellung

 Rechenkapazitat: Datencenter: Server,
Speicher, Netzwerkausristung, Strom &
Wasser

* Training

* |nferenz



,Pro Kilowattstunde des in Deutschland verbrauchten
Stroms wurden im Jahr 2025 bel der Erzeugung
durchschnittlich 344 Gramm CO2 ausgestolien.”

Quelle: Bundesumweltamt:


https://www.umweltbundesamt.de/themen/co2-emissionen-pro-kilowattstunde-strom-2024

Stromverbrauch

Stromverbrauch der privaten Haushalte nach HaushaltsgréRenklassen
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ca. 140 GWh / Jahr
ca. 48 Mio. t CO2

https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Umwelt/UGR/private-haushalte/Tabellen/stromverbrauch-haushalte.html



Data Center

Data Center Map: https://www.datacentermap.com/datacenters/
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https://www.datacentermap.com/datacenters/

Meta: 2 GW Data center in Louisiana
https://www.datacenterdynamics.com/en/news/meta-announces
-4-million-sg-ft-louisiana-data-center-campus/

Bau eines Gaskraftwerks:

https://www.datacenterdynamics.com/en/news/entergy-propose
s_-l?gv_v-_natg/ral-gas-plant-to-d|rectly-power-adjacent- ata-center
-in-louisian

At Am&zon’sa'Bfggést-Datq;Geh £l =N . ,Several US utilities have indicated that fossil fuels are
! increasingly being considered a viable energy source due to the
insatiable energy demand of data centers.”

Everything Is Suipersized. for A 1.

On'1,20074cres of cornhield in Indiana, Amazon 1s building one of
the largest computers ever for work with Anthropic, an artificial
__ intelligence start-up.<

Nuklarenergie: Prometheus Al data center: New Albany, Ohio,

https://apnews.com/article/facebook-meta-zuckerberg-ai-vistra-oklo-terrapower-0eb
051a9a11d96f7ce200e186ad13476

Stargate: joint venture OpenAl, Or
https://www.n?/times.com/2025/01/2l/technology/trump-openai-stargate-artificial-int

. .. - elligence.htm
- 2.2 gigawatts of electricity — enough to power a million homes acle and SoftBank: 100 Mrd. Dollar tber vier Jahre:
STF Data Center in den Vereinigte Arabische Emirate: joint venture mit Oracle, Nvidia, t
- millions of gallons of water SoftBank, Cisco und G42 im Auftrag von OpenAl
https://lwww.nytimes.com/2025/06/24/technology/amazon-ai-data-centers.html?unlo
https://www.nytimes.com/2025/06/24/technology/amazon-ai-data-centers.html? cked_article_code=1.SU8.2JRa.e3Ju6r_pL1im _
unlocked_article_code=1.SU8.2JRa.e3Ju6r_pL1Im https://www.nytimes.com/2025/06/24/technology/amazon-ai-data-centers.html?unlo

cked_article_code=1.SU8.2JRa.e3Ju6r_pL1lim

1 Gallon = 3,785 Liter
1 Gigawatt= 1 Mio. Kilowattstunden


https://www.datacenterdynamics.com/en/news/meta-announces-4-million-sq-ft-louisiana-data-center-campus/
https://www.datacenterdynamics.com/en/news/meta-announces-4-million-sq-ft-louisiana-data-center-campus/
https://www.datacenterdynamics.com/en/news/entergy-proposes-15gw-natural-gas-plant-to-directly-power-adjacent-data-center-in-louisiana/
https://www.datacenterdynamics.com/en/news/entergy-proposes-15gw-natural-gas-plant-to-directly-power-adjacent-data-center-in-louisiana/
https://www.datacenterdynamics.com/en/news/entergy-proposes-15gw-natural-gas-plant-to-directly-power-adjacent-data-center-in-louisiana/
https://apnews.com/article/facebook-meta-zuckerberg-ai-vistra-oklo-terrapower-0eb051a9a11d96f7ce200e186ad13476
https://apnews.com/article/facebook-meta-zuckerberg-ai-vistra-oklo-terrapower-0eb051a9a11d96f7ce200e186ad13476
https://www.nytimes.com/2025/01/21/technology/trump-openai-stargate-artificial-intelligence.html
https://www.nytimes.com/2025/01/21/technology/trump-openai-stargate-artificial-intelligence.html
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https://www.nytimes.com/2025/06/24/technology/amazon-ai-data-centers.html?unlocked_article_code=1.SU8.2JRa.e3Ju6r_pL1Im

Global Data Center Critical IT Power (Megawatts - MW)
M Non-Al Data Center Critical IT Power Al Data Center Critical IT Power
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https://newsletter.semianalysis.com/p/ai-datacenter-energy-dilemma-race



https://www.tagesschau.de/inland/regional/hessen/hr-milliardenprojekt-auf-eis-proteste-stoppen-rechenzentrum-in-maintal-100.html
-—

Startseite » Inland » Regional » Hessen » Hessen:Rechenzentrum in Maintal: Proteste bringen Projekt ins Stocken

00:40 Min

Hessen

Rechenzentrum in Maintal: Proteste bringen
Projekt ins Stocken
Stand: 12.05.2026 « 10:51 Uhr

Milliardenschwer sollte das Rechenzentrum werden, das ein US-Konzern in
Maintal plante. Weil es mit einem eigenen Gaskraftwerk betrieben werden
sollte, schlugen Anwohner Alarm. Nun stockt das Projekt.


https://www.tagesschau.de/inland/regional/hessen/hr-milliardenprojekt-auf-eis-proteste-stoppen-rechenzentrum-in-maintal-100.html

Modelle

Estimating the Carbon Footprint of BLOOM, a 175B Parameter Language Model

Model Number of | Datacenter | Carbon intensity Power COszeq COqeq
name parameters PUE of grid used consumption | emissions | emissions x PUE
GPT-3 1758 1.1 429 oCO-eq/kWh | 1,287 MWh | 502 tonnes 552 tonnes
Gopher 280B 1.08 330 gCO-eq/kWh | 1,066 MWh | 352 tonnes 380 tonnes
OPT 175B 1.09[ 231gCO->eq/kWh 324 MWh 70 tonnes 76.3 tonnes|’|
BLOOM 176B 1.2 57 gC0O-eq/kWh 433 MWh 25 tonnes 30 tonnes

Table 4: Comparison of carbon emissions between BLOOM and similar LLMs. Numbers in italics have been inferred
based on data provided in the papers describing the models.

https://arxiv.org/pdf/2211.02001

W Accelerator Years M Energy Consumption (MWH) Met CO2e (metric tons)

Single passenger round
1,287 .
trip SF-NY (1.2t CO2e)
1,000
500 405
257 179
84 08 86 76 . .
0 .l “m eE o https://arxiv.org/pdf/2104.10350
Meena (TPUv3) T5 (TPUW3) GPT-3 (V100) Gshard-600B Switch

(TPUW3) Transformer
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https://arxiv.org/pdf/2211.02001
https://arxiv.org/pdf/2104.10350

Power Hungry Processing: Watts Driving the Cost of Al Deployment?

Model emissions (g of CO-)
m O o
_|
_I
HilH
HI
—iH

ig. 1. The tasks examined in our study and the average quantity of carbon emissions they produced (in g of CO2eq) for 1,000 queries.
N.B. The y axis is in logarithmic scale

https://arxiv.org/pdf/2311.16863


https://arxiv.org/pdf/2311.16863

Energy Consumption Calculations
Total Yearly Energy Consumption

Daily energy use per user:
350 W = 1.5 h =525 Wh =0.525 kWh (1)
Daily energy use for 10 million users:
0.525 kWh = 10,000,000 = 5,250,000 kWh  (2)

Yearly energy use for 10 million users:

365 % 5,250,000 kWh =1.916,250,000 kWh  (3)
=1.92 TWh

Based on our assumption that the 10 million users of Sta-
ble Diffusion (as confirmed by Stability Al) run the system
for approximately 1.5 hours per day on a RTX 3090, will
lead to a yearly energy consumption of approximately 1.92
TWh. This level of energy consumption is similar to the to-
tal electricity consumption of the West African nation Mau-
ritania in 2021, which has been estimated to be 1.9 TWh ac-
cording to the US Energy Information Administration
(eta.gov n.d.).

(https://computationalcreativity.net/iccc23/papers/ICCC-2023_paper_60.pdf)


https://computationalcreativity.net/iccc23/papers/ICCC-2023_paper_60.pdf
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Making Al Less “Thirsty”: Uncovering and Addressing the
Secret Water Footprint of Al Models: https://arxiv.org/pdf/2304.03271

Table 1: Estimate of GPT-3's operational water consumption footprint.

as of July 2023, whose PUE and WUE are projected by Microsoft.

n’l’x_.f.‘

denotes data centers under construction

On-site Off-site Water for Training (million L) Water for Each Request (mL) | #of Requests
Location PUE WUE EWIF On-site | Off-site Total On-site Off-site Total for 500ml
(L/KWh) (L/kKWh) Water Water Water Water Water Water Water

U.S. Average | 1170 0.550 3.142 0.708 4.731 5.439 2.200 14.704 16.904 29.6
Arizona 1.180 1.630 4959 2.095 7.531 9.629 6.520 23.406 29.926 16.7
Georgia® 1.120 0.060 2.309 0.077 3.328 3.406 0.240 10.345 10.585 47.2
[linois 1.350 0.740 2233 0.952 3.880 4.833 2.960 12.060 15.020 33.3
Iowa 1.160 0.140 3.104 0.180 4.634 4.814 0.560 14.403 14.963 334
Texas 1.280 0.250 1.287 0.322 2120 2.442 L0 6.590 7.590 65.9
Virginia 1.140 0.140 2.385 0.180 3.499 3.679 0.560 10.875 | 11.435 43.7
Washington 1.150 0.950 9.501 1.223 14.063 15.285 3.800 43.706 47.506 10.5
Wyoming 1.110 0.130 2574 0.167 3.677 3.845 0.520 11.429 11.949 41.5
Australia* 1.120 0.0z 4.259 0.015 6.138 6.154 0.045 19.078 19.126 26.1
Denmark* 1.160 0.010 3.180 0.013 4747 4.760 0.040 14754 | 14.794 33.8
Finland* 1.120 0.010 4.542 0.013 6.548 6.561 0.040 20.350 20.390 24.5
India* 1.430 0.000 3.445 0.000 6.340 6.340 0.000 19.704 19.704 25.4
Indonesia® 1.320 1.900 2271 2.445 3.858 6.304 7.600 11.992 19.592 25.5
[reland 1.190 0.020 1.476 0.026 2261 2.287 0.080 7.027 7.107 70.4
Mexico* 1.120 0.056 5.300 0.072 7.639 7.711 0.224 23742 | 23.966 20.9
Netherlands 1.140 0.060 3.445 0.077 5.054 5.131 0.240 15.708 15.948 314
Sweden 1.160 0.090 6.019 0.116 5.986 9.101 0.360 27927 28.287 17.7

https://journal.uptimeinstitute.com/dont-ignore-water-consumption/

medium-sized request, each with
approximately <800 words of input
and 150 — 300 words of output

Power usage effectiveness (PUE)
Water usage effectiveness (WUE)
energy water intensity factor (EWIF)


https://arxiv.org/pdf/2304.03271

Widerstand

Querétaro: "The valley of data centers”

Guerétaro has firmly established itself as Mexico's leading data center hub, controlling 65% of the national capacity and attractin

more than 80% of all current and planned investments for the years to come. With 27 data center projects (Figure 2), conservati
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Malshahmen

Klimaschutzbericht 2025

Eine Ubersicht iiber unsere Klimaschutzstrai'egie, unsere Ziele und unsere Fortschritte.

12%

Reduzierung der Energieemissionen
des Rechenzentrums um 12 %

N

-

4.5B

Etwa 18 Milliarden Liter Wasser
aufbereitet

N

/

8 GW

Mehr als 8 GW an sauberer Energie
beschafft'

30x

30-mal hohere Energieeffizienz von
TPUs?

26M

26 Millionen tCO5e Emissionen durch
fiinf Produkte eingespart3

Klimaschutzbericht Google 2025: https://sustainability.

Ist

Die weltweit erste
Unternehmensvereinbarung fur
Kernenergie aus kleinen modularen
Reaktoren unterzeichnet

le-2025-environmental-report/



https://sustainability.google/google-2025-environmental-report/

Konsequenzen?
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