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(1) Tucker, C. J. «<Red and Photographic Infrared Linear Combinations for Monitoring
Vegetation.» Remote Sensing of Environment 8, no. 2 (1979): 127-150.
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(1)  Rainforest Connection. “Al-Powered Acoustic Monitoring for Forest Protection.
Accessed May 9, 2025. https://rfcx.org

(2) EarthRanger. “Real-Time Conservation Management Platform.” Allen Institute
for Al (Al2), 2023. https://www.earthranger.com

(3) Fang, Fei, et al. “Deploying PAWS: Field Optimization of the Protection
Assistant for Wildlife Security.” In Proceedings of the 16th International
Conference on Autonomous Agents and Multiagent Systems (AAMAS), 2017.
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(1) Plantix. “Al-Based Plant Disease Diagnosis App.” Accessed May 9, 2025.
https://plantix.net
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(1)  John Deere. “Blue River Technology: See & Spray.” Accessed May 9, 2025.
https://www.deere.com/en/technology-products/see-and-spray
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CORDIS, European Commission, accessed July 30, 2024, https://cordis.
europa.eu/project/id/101016508.

| l
1 121 |




Jis<is «( ARPA-E ) 23Ul Jloma 2 daniil) el p5linn 2S5 I (e
ABUA L g19385 23508 Eilus] I Caugs 393,00 Alley Hllall Ale ay)line
Sga yaslal Jis e lilao¥l s S Gle S ISy aatad goldd] ola (e ayaadl
28Tl el s el gl g S Slarinl cililae s ol el Ul 3gus

M5l

Lelalas: cye Tyt ¥ ¢ jnS elilaio¥l £ IS1 all ol cduuds gl 2
I S, o e 2 ¥+ YOl B g Lgtamdl il B galal] ducuad]
3l Bl Ol ol e b ye | Ilia ale (S A slg IS 3L 1 e oIS
2 0l Akpall AagSadl paiiied . Joslall sl Gle galaid¥l galll Zlide o
Lexd wating 2 ¥lma LglS 9 A2 LI Sl 350 oS0l LS U g A8 201 Gl
@ O] - Aign S0 Aeua ) Sl 3 LSl Gyuss e 5 IS e Lilais ¥l ¢ 1S201
AlB)] s Bygas (e @il le elall oia 2 inall asSadl Lanl
2 Aady Aanls 593 dlamy Lo« Uigles el 3¥oudl e el S Lll el pdiny Hudy (A3
A a1 e lilao ¥l oIS A ALl B!

Aot | 2 ey ) HLaiia ) ¢ Lo o8 9IST | AGY Lac .¥.o0

S o 6 58S L g€l @lS 1 ol ulud) i culagSad! LS 1]
<Amazons - Microsofts ‘Google Jie S it awdl ISl Sis
c i gl G Jae 3 pme puad Yl Celilha¥l oS 2 5l aay o (IBM

i a5 Adailg el il 3590 g b ol pal Al VI Adgsull (e
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(1)  David Rolnick et al., «Tackling Climate Change with Machine Learning,» arXiv
preprint arXiv:1906.05433 (2019), https://arxiv.org/abs/1906.05433. The
paper was later published in ACM Computing Surveys.

(2) PwC, «State of Climate Tech 2022,» PwC, accessed July 30, 2024, https://
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(1)  Breakthrough Energy, «Breakthrough Energy Ventures,» accessed July 30,
2024, https://www.breakthrough-energy.org/our-work/breakthrough-energy-
ventures.

| 126 |



S sk
Wl e Cono gl le Y. .0

e rad ¥l ellaw¥l alSul Jlowe 2 56 ot | JUI Ll Gaalis Comd
Py polic BB (o i OIS &
Sl aoY nly 5lewe 38 2l 6l 09585 O oy 2 ubial) Jold 3 lis 5l -
ol Mgl o Baudl cil3le clilad! 2 ugalag juS Laudis
O s e i oW £ 1S 2U1 g 10a (4685 Lo LILE a0 g3 A gl 9T B0 —
daog lge s e 50u 038 il La yelas L_.;“” QL@.;.U;\ eyl gdl eSS
Al dagd ybgig adand|
sl Gle 30all 3,0 Gl (5Ss Of oy rpugill BB Jlect gages -
8 S Alle g dand g g puad)
3S i 13y lleianl a2 oo 1 2B @IS 8 Lle ALY e
LY Al a2 bl §ill elibws¥) sIS31 ansa Sl Urbint
Jotied il ,Sae elai Sl ¢ Pivot Bio 38y b il g sl gl giag = b ¢Sl
L el 3 B e 5 IS L Les e Lilaio¥1 3o 9,50 3oecY!

Ale¥l 11 G pkat g Sl .0.0

1S ugad alal g pall (ylo el Lttt S 5Ll 3ol 12m (ya @2 )01 Lo
calamilly Lagime J150 Y sVl e liausl

(1)  «Urbint raises $63M for Al that predicts and prevents infrastructure failures,»
VentureBeat, August 25, 2021, https://venturebeat.com/ai/urbint-raises-63m-
for-ai-that-predicts-and-prevents-infrastructure-failures/. «Pivot Bio raises
$430M for its nitrogen-fixing microbes that help farmers ditch synthetic
fertilizers,» TechCrunch, July 19, 2021, https://techcrunch.com/202119/07//
pivot-bio-raises-430m-for-its-nitrogen-fixing-microbes-that-help-farmers-
ditch-synthetic-fertilizers/.
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(1) Roy Schwartz et al., «Green Al,» arXiv preprint arXiv:1907.10597 (2019),
https://arxiv.org/abs/1907.10597. The paper was later published in
Communications of the ACM.
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(Al) in Cybersecurity?,” n.d. https://www.paloaltonetworks.com/cyberpedia/ai-
risks-and-benefits-in-cybersecurity.

(2) Cybersecurity Guide, “Securing Environmental Services: Cybersecurity
in Infrastructure,” June 2, 2025, https://cybersecurityguide.org/industries/
environmental-protection/.
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(1)  American Water, “American Water Provides Update on Cybersecurity Incident,”
October 10, 2024, https://www.amwater.com/press-release/American-Water-
Provides-Update-on-Cybersecurity-Incident.
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(1)  Malwarebytes, “Risks of Al & Cybersecurity | Risks of Artificial Intelligence,”
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(1) DeSmog, “The ABCs of Al and Environmental Misinformation,” September
18, 2024, https://www.desmog.com/202418/09//the-abcs-of-ai-and-
environmental-misinformation-climate-disinformation-chat-gpt/.
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(1)  Earth Day, “The Double-Edged Sword of Al and the Battle Against Climate
Change Misinformation,” May 30, 2025 https://www.earthday.org/the-double-
edged-sword-of-ai-and-the-battle-against-climate-change-misinformation/.
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(1)  Scientific American, “Can Al Stop Climate Misinformation?,” June 8, 2024,
https://www.sciencenews.org/article/climate-misinformation-ai-experts.

(2)  Scientific American, “Can Al Stop Climate Misinformation?,” June 8,
2024, https://www.scientificamerican.com/article/can-ai-stop-climate-
misinformation/.
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(1)  American Century, “Al: Ethical Concerns and Sustainability Issues,» accessed
July 16, 2025, https://www.americancentury.com/insights/ai-risks-ethics-legal-
concerns-cybersecurity-and-environment/.

(2)  World Economic Forum, «How to Reduce the Environmental Impact of Your
Company»s Al Use,» June 1, 2025, https://www.weforum.org/stories/202506//
how-ai-use-impacts-the-environment/.
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(1)  Environmental and Human Implications of Generative Al,» April 22, 2025,
https://www.gao.gov/products/gao-25107172-.

(2) Science News, «Detecting Climate Misinformation with Al Requires Trained
Human Experts,» April 14, 2025, https://www.sciencenews.org/article/climate-
misinformation-ai-experts.
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(1)  Kate Saenko, «The Environmental Impact of Al,» Boston University, January
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times faster than ever before,» MIT Technology Review, November 11, 2019.

(3)  George Kamiya, «The Al revolution is consuming more and more energy. How can

we limit its climate impact?» International Energy Agency (IEA), May 15, 2024.
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(2)  Sasha Luccioni, «The mounting human and environmental costs of generative
Al,» Hugging Face, accessed July 17, 2025.

| 205 |



(o

@il aulgall uljaungo Loy ai iy dlulw

ALANTNL aaliil 03 adlgoll Alac) 1o pawy: (1 1) JSuhi
aslall pladiaul dus\pio I aulall dunidl . Matplotlib axise
@ygaalil Wl daaxigl\

e

Energy Sources for Al Infrastructure

Fossil Fuels

Renewables

/

: Google cow Jslie ChatGPT dalal S Sliylae Y. ¥ .4

atial Il sl Sy 8B Lelilao¥l ISA gl @ S15aY

ALYV b aly Bl e gsicd! ChatGPT w@hlginl of HAE 33uxe
Opala VY, Y e 38T Gyt 3y M 23U 2SI o2 Jolss 1) Aol Lolgleo
L el ale 3l Sl J3ke Vel YY) g BaLall S s ol (AL 68 35ke
alazialy aly Lol ol adtaial dlee (KU 33U I3 gaal &)lae diey
Jalay Le sl iBelumdolg 4, ¥ gl cligiow ( ChatGPT Jis) elibawo¥l 1Sl
~bolg ¥+ gl cllgian sy csalall GOOQIE Camy aSlgiuws Le Calasl 3 5

(1) ChatGPT>s annual energy consumption estimated at 226.8 GWh, Balkan
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Newscentermaine.com, February 1, 2024.
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(1)  Anne Pasek, «The Al-Lifecycle: A New Framework for Understanding the
Environmental Costs of Al,» Al & Society 38, (2023): 1443—1458.

(2) Kate Crawford and Vladan Joler, «Anatomy of an Al System,» Anatomy of an
Al, 2018, https://anatomyof.ai.

(3) Ibid

| 209 |



¥

v |diudlloJLe

iul) algall aljdnndo Laysai dxiy dlul

LULe aalai¥l oia saiang . ) el baall Adlia 350y b s e dslasell 32380 Uy 3
Gllitl 2 Lguns 2l 25U 305l e Lalonl Uniis piny Les colill e
Ll s il L

o =L dalas Zas | e gl Cala] I oLl @b Mgl olin Caglatl csl 13y
oL 2 Google bl 3y pe dsas LS cnbilad! 381 5

AL Azl 03 adlgoll Alac) jo pauy: {1 Ay S
ool Yl dijan . Matplotlib a&iSe
CAILIG cAd J2g) il @I BBLI 810 @ cad

-

Water Consumption: Google Chile Case

Million Liters/Day

Typical Usage Google Chile Data Center

J
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Water,» Yale Environment 360, December 14, 2023.

(2) Ibid
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Policy Considerations for Deep Learning in NLP,» Proceedings of the 57th
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com.
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(1)  «Municipality of Cerrillos (Google Data Center) v/ Evaluation Commission
of the Metropolitan Region,» Climate Case Chart, Sabin Center for Climate
Change Law, last updated September 26, 2024, https://climatecasechart.
com/non-us-case/municipality-of-cerrillos-google-data-center-v-evaluation-
commission-of-the-metropolitan-region/.

(2)  «Chile partially pulls Google data center permit, seeks tougher environmental
review,» Reuters, February 27, 2024, https://www.reuters.com/world/
americas/chile-partially-pulls-google-data-center-permit-seeks-tougher-
environmental-202427-02-/.

(3) «Google hits reset on Chile data centre project amid environmental concerns,»
Capacity Media, September 19, 2024, https://www.capacitymedia.com/
article/2ds66hgd626c4pwsg82rk/news/article-google-chile-data-centre.
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(1)  «Lawsuit Pushes California City to Reevaluate Data Center>s Environmental
Harms,» Center for Biological Diversity, December 2, 2024, https://
biologicaldiversity.org/w/news/press-releases/lawsuit-pushes-california-city-
to-reevaluate-data-centers-environmental-harms-202402-12-/.

(2) «Lawmakers seek ways to prevent data centers from straining lllinois power
grids,» Capitol News lllinois, April 9, 2025, https://capitolnewsillinois.com/
news/lawmakers-seek-ways-to-prevent-data-centers-from-straining-illinois-
power-grids/.

(3) «Key Legal Issues of Data Center Development,» Perkins Coie, April 30,
2025, https://perkinscoie.com/insights/article/key-legal-issues-data-center-
development.
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(1)  «Are data centers in space the future of cloud storage?» IBM Think, November
18, 2024, https://www.ibm.com/think/news/data-centers-.
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(1)  Dale Arney, «Sustainable and Scalable Cloud Computing in Space,» NASA
Technical Reports Server, May 11, 2023.

(2)  Diana Goovaerts, «Real estate firms race to put data centers on the moon, build
space support,» CNBC, July 15, 2025, https://www.cnbc.com/202515/07//real-
estate-firms-race-to-put-data-centers-on-the-moon-build-space-support.html.
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(1)  «Liquid Cooling,» U.S. Department of Energy, accessed July 17, 2025.

(2) «Tracking the renewable energy and carbon-free energy progress of Apple,
Google, and Microsoft,» The Verge, May 1, 2024.
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(1)  Neil C. Thompson et al., «The Computational Limits of Deep Learning,» arXiv,
(2020), arXiv:2007.05558.
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(2) Brendan McMahan et al., «Communication-Efficient Learning of Deep
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(1) Yang, L., Wang, L. & Ren, S. «How do environmental regulations promote
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