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Abstract: Information retrieval plays a fundamental role in organizing
and searching data across various information systems including digital
libraries, search engines, recommender systems, and online platforms.
These systems are widely used to facilitate access to information across
different scales, including in scientific, commercial, and social domains.
However, the use of complex models such as deep neural networks and
large language models, which require high computational power and rely
on powerful hardware has introduced new challenges related to energy
consumption and environmental impact.

This paper addresses these challenges and explains the concept of
green artificial intelligence. Green Al is presented as an approach to
developing intelligent algorithms and systems while considering the
limitations of energy resources and their environmental impact. Given the
recent advancements in Al technologies, particularly in natural language
processing and deep learning, it is essential to focus on the environmental
impacts of these models. Specifically, the increased energy consumption
and greenhouse gas emissions during the training and inference processes
of complex models necessitate innovative approaches to mitigate these
effects. The paper also introduces the concept of sustainable information
retrieval and presents methods for measuring greenhouse gas emissions
and strategies to reduce these emissions in information retrieval processes.
The findings of this study indicate that in recent years, interest in green
artificial intelligence has grown significantly with the number of published
articles in this field increasing from 1 article in 2015 to 276 articles in
2024. A content analysis of the articles reveals that most researches have
focused on energy efficiency (67%) and carbon reduction (24%), while
other environmental aspects such as ecological footprint, have received
less attention. In terms of scientific disciplines the highest contributions
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have come from the fields of energy, computer science, engineering, and decision sciences,
respectively, highlighting the interdisciplinary and practical nature of this domain.

The primary objective of this paper is to raise awareness within the scientific community
about the importance of minimizing environmental impacts when designing and implementing
information retrieval systems. The paper emphasizes that researchers and system designers
should consider environmental effects alongside system performance and accuracy. To
achieve sustainable information retrieval, energy consumption and costs can be reduced by
optimizing algorithms, reusing pre-trained models and leveraging cloud computing. These
approaches not only reduce costs and improve system efficiency but also contribute to
environmental sustainability. Furthermore, the paper encourages researchers to consider
environmental impacts as a critical parameter in their research processes.

Keywords: Green Atrtificial Intelligence, Sustainable Information Retrieval, Greenhouse Gas
Emissions, Red Atrtificial Intelligence, Neural Networks
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1. floating Point Operation Per Second (FLOPS)
2. tensor processing unit (TPU)

3. transformer

4. BERT
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1. dimensionality reduction
2. pre-trained models

3. cloud computing
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5. https://kubernetes.io/



aLBion

£ oslead | Fe8y90 | 160f Slwb @B

b8 ol s 5 das i Jlom s bl )3 S6 1ty 5 5)5T 55 el o8
Jlams 55 G Il Gl 551 010 ke oombls dal s SLeSbl gLk 3L 5
G /ol sl Jold dlazm s (6l gmomn 51U g o0liinl 5 (o s Jogd ) slatets
Hargreaves) Lae s 5 Ladl 3 53 g 5Lws bl 5 081, /6 ylo b (gl gmn 5 25
011

3Ll ay jas el 5 aw s Gl o 6 =l Olewloes |oily of on 4 Laao &5 o0
DLt s, ST dal s frged L SLedbl oSl glac e (e 5 2B ) sl ol s
Gl Gl HLasl el (sluds o Laesls 5 Jlao s (gl gtms JLisl L S 55, 0
Aol il oy b e 5 e Lse 03l ST e 3 s s Jdsw bl Jls 434S
AT o sty Sl L 555 0l Sl (i SV ol (bl Ll el ol L
Lnosls g 5 3/ 3515 s 5 3lowl (6l 5 Ilnl (sluslie sla )il 5 Lacs p 4SS
o Itwl 5l aslimal U | soes A 65 55 (65w ylbilinl .5 58 o3linul Jliou s () smn
lmasls 5l pmme olwld adon IOl OLedbl ook o5 =B ) ba S
L Cadiden glaanls 5 ol gladis) 5o sdate glaasl y Colw 5 s w8
) ot 5 SVl i (Lnosls ol gy jond (558 0303 (SLacSiSG 1 (6 S o4
3,5 Al s

o3l OSal 45" ol ) gl olis GAME ST sl bl ol o 5l Sllons
35505 crl S (o a3 1 Laesls 3515 1 5 (53lme 55 ¢ Flomloms (sLacd b Sl ez
188 5 Sl a8 C guen Hargreaves (2011) gw )y 53 sdial )l slaans s U
&l g IS sl g 6l 1y Jlimus 55 3> oL slonl 5 (6 5me < SJle
S n olgiti (58T 05 5 o sl iS5 oo

GAE ST il 51 b ge Gl go ity e amala (LoD S SL o) > o
3y 4y S Coul 4 8 IS TREC s S, G b 51 ) jaas =l
LIS il e i a8l 03,8 oSS Sl oL b sladde oL
‘5\_%,:,'\;%rL?,;HJ_:;n,_;61uwfdu;\f)m\w}:&\sgu\§@ﬁ;eu}s@

@L&)djj_s‘dyt—g;'ﬁJ_.A.Au\_Z.AJ’L:;Pdh)}ﬂ)buaé\sd})ﬁ‘jq;ﬁjéﬂj_gﬂ

1. https://trec.nist.gov



gy
9O
o

O] ST i 9 Gilin | o Lom b 575l Slslon (S gmidy (S5 T £ 300 90 § Sigly ST 03k

(Soboroff 2021) ol Sliwloes
le_hJu\.a 9 l_A)‘J.a‘ AEFYEIE 6)‘4?«5\;}'-&‘ Ls‘j—’ sz_v‘ le.ﬂg:,\:-l_wjl) )‘ osle_wl
e SLa 31 plomil 4 5L (g 5 B b (Lol L5l 3 el (5,255
(=5 5 =l 4u (Strubell, Ganesh & McCallum 2020) das o a1, 59,5, 5
1) 355 (5590 4 65 jtin Glsalous alin 5ol Ly 5 5y NN PN R
R N g P N o U TS i RO JUUS | -1 I SYPNCIIUE S U] RPN PR U
SN B NG ES S Y N i P PSR N PRy T P e
A Sl il dj_wﬁ'f 9l Sledbl oL L slaabln gyt OS> )5 ags
GI405E (gLa 3 HLasl Ol s 45 W sd oo B re 2 lal il i ool 0L o
o=l 3l o S e 6 S el ile 6 S sl Slapis; S b 5 ol iz
e ) S U aS e S Ol )8 codi onls ioles o) Jgds 5 45 La il

ST 31 0T pals gl o o la,SKaly 503, SLisl 1) 555 Slowlbes glallo

ST GBI SBT3l a0 (5 01N (ST oAbl Sl 3l ) Jaa

Repository Network GPU DRAM CPU P
https://github.com/mlco2/codecarbon * * * CodeCarbon
https://github.com/powerapi-ng/pyJoules * * * pyJoules
https://github.com/responsibleproblemsolving/ * * * Energyusage

energy-usage

https://github.com/Ifwa/carbontracker * * Carbontracker
https://github.com/Breakend/experiment-impact- * * Experiment Impact
tracker Tracker
https://github.com/EPFLiGHT/cumulator * * * * Cumulator
https://github.com/GreenAlgorithms/green- * * * #*  Green Algorithms

algorithms-tool

sg_,_:l'jbv;r..g'l_}'rjédj_w A_AJ@ QL:«J\)J}}LA (»l_a d}\d}:—#"d)v\:u—i‘)é
Sl gl 53w o atia |y 4K s GPU (DRAM (CPU (5,8 o161 Ol ja
Q‘J_:AJJJLAQTAS@WWA:‘ML:GMJ;_CPUM‘layfu}"_wd_gj‘_éig_idb‘é_;

dewloes 03 44 Lol CPU Lw g aS 1) Slewbes gla 53l a0 b S5l o
. e 5 Sh G b e $5 5 O s



aLBion

£ oslead | Fe8y90 | 160f Slwb @B

3 5 (85 51 o s L CodeCarbon cdas o OLis Jgdar ool 45 5 sbiles A8 s
< s Ol ;s CodeCarbon cjfu_.s u.éfm. A8 Lgr_faj\.u\ B Kes s Sl
3 -5 o ool DRAM 5 GPU (CPU Lo 5 471 lwloms (sLa 5515 5 4 b s 0 (5551
Sz leslial jl U Gl glajE il 5 65,51 e Lal (dS o duloes

5 s 553 1 (Cadien slao&ians U a g o s Lnesls JUiSH (51 )

S5 4o A
Gaalblu 5 Lajlplanw g 3 age Lo SLeMbl L5k o5 53 | glacd
b Jels s i ol Wl 03, Ll Lesls a (pus s (61 diedi g
9ol ] pr g SlacSeSS 5l eslaul (S35 e 5 SsS esls s Lgl_A(..:i)}iH
L obe jon el ol Lol - 8als slmp sy 51 LDl plesl (sl o La s a5
L3l (il (a5 5 ol 05 SLedbl L5 slasileln s )87 5 28
sl Ol teas SIul Sl L5l 5 5o (o sime gn 3,8 51,5 a5 55 40
Ll s st gladnl b s Gl lajE jleml ials G Lisgb s
b skl u(._-win b bl ol s diledd 4yl Jltow s SLeb
@uﬂgjj_;t_;,_@uuf,;_;%_fgb-_;u_n,_ﬁ:(.t_,,;;\é\«_;;g b Sl
Bl Pl 4 j 3 1 (Sl

3 e DLl (55518 e 3 (Slos 18 Dl ;o sladlw s 4 S
DLl L3l oo 53 55 pate Lo ta s Lol clmul sl plowl (6 il Slslons
sl sl SLedbl o5l sbealblln anw 5 gl ol adsl ol o 55 5 ia sl
5555 olalis boblv ol Caliee gladul b s Gl a8 Lisl Ol 1ok
3,8 35 ey 3y LS ol Linl ialS (ol 1 mlie (3 Luding LA S5y s
5 s Lo 5 ge (Jliow s laalulS 1 ise el bablw sl oS LT 5
5l o s S5 Sl i) ol 53 G i SLebl Sl L
el 85 sl o

5 Sl (S5l Ikl g dl g 0 ML SLedbI oL 5L 4t 5o Slidos
S S L5 e slasals 5 s sl SLaslpl cJlime s (6l gmmee I 3dzes oslinul

o i S s dal s el oLk slablu 5, Shas 55 o g0 LgSa ol 0



gy
9O
o

O] ST i 9 Gilin | o Lom b 575l Slslon (S gmidy (S5 T £ 300 90 § Sigly ST 03k

bl a5 el 1 08155 oo e 13 (Sl molie 5 (65 51 3 e SalS
23 e s Ul o Dbl L5k Dlads s b 5 GG OLedbl L5
S Lok a5 sl g ol 5 Jaoac 5 15T sl

Lo Sliios 487 glo sl glaat 1o 4 o Sl £53Y ads amal S5 Ol i
<€ Ll Ol e (§5lmn oS ol BT (S Jassd C ) loes o sl S
(“f &S eleMbl b glagblw Jaswec s 3T Sl 6l = glasedE
amelr Sl Jla )3 05 d e O gome L Gl a5 lnl) 5wl
et S 3L slade tj_.J_bJ)\ Calae abais &S 5 Oledbl LU 5L g:)bi_&b)ﬁ
x5 aS I 535,05 51,3 La0T i) sal 05w g Ladde ol wlde cosliul 55 40
4S Cl (659 e 03 5 8 O pmnimen Kiad )l Sl Coldal I Sad iy sladde
S a5 3y 55 LSS ol e ST Lot o

Vit (LMl 3l 53 Gras 655k sladete s Kaly Uil L
5 Sl slaayja S il o tan s Glae) o b 5o 48 plie sl
g Lo oS Al Hagb e e ol 3 el sdaliin ol 5 O]
S50 DLWl G5k 6l ooy Sl (ome Sladde lesliul (dowd Ay, 4
SLedbl L5k Slaios 1 gl i <S5 Olpea ol SLedlbl L5k ST ol
B P EIve

aS spd g slginy Sl SLedbl Sl ae) ps Oladsy 5 iy ol —
SLeMb L5k ladie Flowbs Sitomy 2als Ooda L (¢ Sag slagn ;S
Sl sl ja SalS Gl gy Sl mimped 3 55 005 dn g (B> EalS O
o3liul SLeMb oL 5L gbawlal 3 (55,51 O me (g5 (Slmly )3 5515, 5
g

Sl 2als L g 355 eslinul a4ls O a8 LT U (g ol Solewlos 1l oY
le—“r:'l),ﬁiﬂ Gl G b 1 s e a5 5 8 Gl 55 5 LT
slad el 5 Slonlus 54y 5808 sla gy Sl ealiinl Ly Laesls (2515 5 g sCmer
ladde 51 3 o3liul ¢ pvmean 3l ioalS 1) GlasllS laj€ Lasl Ol jne Laosls
loosls 1 5 L Ladie sdome 55 5T Sloras 5 5 50 (sLaesls g odys 55 50T iy |

)l sl dan SIS 5 s AalST ) (65 51 o e g SS505 s 5l A5 o A



aLBion

£ oslead | Fe8y90 | 160f Slwb @B

(Sl Pl C_gL;a Golwaig 9 om 8 (slmosls I suma oslaul o b @L‘@ Cebib
3Ll 5 Jaome s ) S5l Ll 5 s () Slwlons 5 Loy Sl oslinal ades |
-\_lfég_«fl.av;_m:.u‘siblfzﬁs\_f)MJ&_AK‘)QLFW\GQQ}QLSU:QLALN

LeS 8 jomm (2 5me S 5 MLl SLedbl LSk o) s )3 SLidosd f poma )3
2N 35 5 Laayja AalS (LIS Al 51 a Sl ¢ anc s § it
b s ol s S5 s, 31 s dal g dies s 55 SLedbl L 5L sladilela
SV g g Lia i gh (SLa(g 58 dam 5 e 3 cwlal W (OLeMbl LU L slaabela
S s 4o Lgia Sl amelr 45 Cl OT adlae ol ol Codn 55 dal
SLa3ls a5 Cgr 53 o 5 ba e S 55 08T 5 b s JLS 53 555
Sosba el S e o (63,5 el SLLL ABT ol sl 1 06l
Sl a5l an g 5 Slidosd Lol 355 babel Ol b 5 Oludigs Ol 45
) s s 5, s s s ol sl sl 51 (S Olsea ) aseat
e D ST e (ol gt Ll Sla iy s Laslpl 48T Gl (655 5 ods
el ) Skl HUT a5 L 1) 555 Dlasanad il g0 Oliies U 5 1,0
A A e i ) 03 Sl s Gl Gla ) Sies (rromas IS LSS
plasil s S S i e (0L 5 e L5 A Sl s
Ol ais EalS 53 Jlad ik dl 5 e ade amsle diuly ool 55 et WL 4SS
LS Ll (-0 (S5 ST (gLl 5 b ol O3 e falS (ol

References

Achiam, J., S. Adler, S. Agarwal, L. Ahmad, I. Akkaya, F. L. Aleman, F. L., ... & B. McGrew. 2023. Gpt-4
technical report. arXiv preprint arXiv: 2303.08774.

Ahmed, R., V. Sreeram, Y. Mishra & M. D. Arif. 2020. A review and evaluation of the state-of-the-art
in PV solar power forecasting: Techniques and optimization. Renewable and Sustainable Energy
Reviews 124: 109792.

Albanesius, C. 2011. How much electricity does Google consume each year? PC Mag.
https://uk.pcmag.com/news/112540/how-much-electricity-does-google-consume-each-year
(accessed July 14, 2025).

Anthony, L. F. W., B. Kanding, & R. Selvan. 2020. Carbontracker: Tracking and predicting the carbon
footprint of training deep learning models. arXiv preprint arXiv:2007.03051.

Australian Computer Society. 2010. Carbon and computers in Australia: The energy consumption and
carbon footprint of ICT usage in Australia in 2010 (Version 2.0) [Report]. Connection Research.
Australian Computer Society. Released May 2010.



apngy
9O
o

CENMD] sl G5 9 S an | bamn bl 3 Ol (S S Ep Fgnctn g 9 STl ! 330

Blanco, R., M. Catena & N. Tonellotto. 2016. Exploiting green energy to reduce the operational costs
of multi-center web search engines. In Proceedings of the 25th International Conference on World
Wide Web (pp. 1237-1247). Montreal, Canada.

Bolon-Canedo, V., L. Moran-Fernandez, B. Cancela & A. Alonso-Betanzos. 2024. A review of green
artificial intelligence: Towards a more sustainable future. Neurocomputing journal 599: 128096.

Catena, M., & N. Tonellotto. 2015. A Study on Query Energy Consumption in Web Search Engines. In
Italian Information Retrival workshop (IIR), Cagliari, Italy. 2017. Energy-efficient query processing
in web search engines. IEEE Transactions on Knowledge and Data Engineering 29 (7): 1412-1425.

. 2017. Energy-efficient query processing in web search engines. IEEE Transactions on

Knowledge and Data Engineering 29 (7): 1412-1425.

Catena, M., C. Macdonald & N. Tonellotto. 2015. Load-sensitive CPU power management for web
search engines. In Proceedings of the 38th International ACM SIGIR Conference on Research and
Development in Information Retrieval (pp. 751-754). Santiago, Chile.

Catena, M., O. Frieder & N. Tonellotto. 2018. Efficient energy management in distributed web search. In
Proceedings of the 27th ACM International Conference on Information and Knowledge Management
(pp. 1555-1558). Torino Italy.

Chen, Z. G., Z. H. Zhan, S. Kwong & J. Zhang. 2022. Evolutionary computation for intelligent
transportation in smart cities: A survey. IEEE Computational Intelligence Magazine 17 (2): 83-102.

Chowdhury, G. 2012a. An agenda for green information retrieval research. Information Processing &
Management 48 (6): 1067-1077.

. 2012b. How digital information services can reduce greenhouse gas emissions. Online

Information Review 36 (4): 489-506.

. 2012c. Building environmentally sustainable information services: A green is research agenda.

Journal of the American Society for Information Science and Technology 63 (4): 633-647.

Chowdhury, G. 2013. Sustainability of digital information services. Journal of Documentation 69 (5):
602-622.

Fitria, K. M. 2023. Information Retrieval Performance in Text Generation using Knowledge from
Generative Pre-trained Transformer (GPT-3). Jambura Journal of Mathematics 5 (2): 327-338.

Formal, T., B. Piwowarski & S. Clinchant. 2021. SPLADE: Sparse lexical and expansion model for first
stage ranking. In Proceedings of the 44th International ACM SIGIR Conference on Research and
Development in Information Retrieval (pp. 2288-2292). New York, NY, United States.

Giebel, G., & G. Kariniotakis. 2017. Wind power forecasting—a review of the state of the art. In G.
Kariniotakis (Ed.), Renewable energy forecasting: From models to applications (pp. 59-109).
Woodhead Publishing.

Hargreaves, |. 2011. Digital opportunity: A review of intellectual property and growth (Independent report
No. 11/968). Department for Business, Innovation & Skills.

Hauschild, M. Z., R. K. Rosenbaum & S. I. Olsen. 2018. Life cycle assessment (Vol. 2018). Springer
International Publishing, Cham. https://doi. org/10.1007/978-3-319-56475-3.

Hoefler, T., D. Alistarh, T. Ben-Nun, N. Dryden & A. Peste. 2021. Sparsity in deep learning: Pruning and
growth for efficient inference and training in neural networks. Journal of Machine Learning Research
22 (241):1-124.

Hong, T., & S. Fan. 2016. Probabilistic electric load forecasting: A tutorial review. International Journal
of Forecasting 32 (3): 914-938.



aLBion

£ oslead | Fe8y90 | 160f Slwb @B

Intergovernmental Panel on Climate Change (IPCC). 2014. Climate Change 2014: Mitigation of Climate
Change. Contribution of Working Group Ill to the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge, United Kingdom and New York, NY, USA: Cambridge
University Press. ISBN: 9781107654815.

Jager, W., A. Alonso-Betanzos, P. Antosz, B. Beersma, L. Bouman, B. Guijarro-Berdifias, ... & N.
Sanchez-Marofio. 2024. Simulating the role of norms in processes of social innovation: Three case
studies. Journal of Atrtificial Societies and Social Simulation 276 :(1) .

Jain, B., R. Sharma & N. Kaushik. 2022. An Analysis Of Green Atrtificial Intelligence As A Major Receiver
Improvement Finalized Red Ai & Execution Of The Environmental Footprint Toward Increasing
Green Artificial Intelligence. NeuroQuantology 20 (17): 1733.

Jamsa, K. 2022. Cloud computing. Burlington, MA: Jones & Bartlett Learning.

Jenkin, T.A., J. Webster & L. McShane. 2011. An agenda for ‘Green’information technology and systems
research. Information and organization 21 (1): 17-40.

Kannan, D. M. J., & S. Patel. 2024. Sustainable Information Retrieval Techniques for Onion Market
Instability Prediction using Machine Learning and Deep Learning Approaches. International Journal
of Advance Research, Ideas and Innovations in Technology 10 (6): ? .

Kenton, J. D. M. W. C., & L. K. Toutanova. 2019. Bert: Pre-training of deep bidirectional transformers
for language understanding. In Proceedings of North American Chapter of the Association for
Computational Linguistics: Human Language Technologies (naacL-HLT), Minneapolis, Minnesota
(Vol. 1, No. 2).

Koroteev, M. V. 2021. BERT: a review of applications in natural language processing and understanding.
arXiv preprint arXiv: 2103.11943.

Legg, S. 2021. Intergovernmental Panel on Climate Change (IPCC), 2021: Climate change 2021-the
physical science basis. Interaction 49.44-45 :(4)

Lin, J., R. Nogueira & A. Yates. 2022. Pretrained transformers for text ranking: Bert and beyond. Cham,
Switzerland: Springer Nature.

Liu, T. Y. 2009. Learning to rank for information retrieval. Foundations and Trends® in Information Retrieval
3(3)225-331.

Mandl, T., & J. M. StruR. 2024. Information retrieval: core techniques, issues, current and future
developments. In Handbook on Information Sciences (pp. 137-151). Cheltenham, UK: Edward Elgar
Publishing.

Menghani, G. 2023. Efficient deep learning: A survey on making deep learning models smaller, faster, and
better. ACM Computing Surveys 55 (12): 1-37.

Milojevic-Dupont, N., & F. Creutzig. 2021. Machine learning for geographically differentiated climate
change mitigation in urban areas. Sustainable Cities and Society 64: 102526.

Musaev, M., M. Rakhmatullaev, S. Normatov, K. Shukurov & M. Abdullaeva. 2024. Integrated Intelligent
System for Scientific and Educational Information Retrieval. In environment technologies resources.
Proceedings of the International Scientific and Practical Conference (Vol. 2, pp. 212-219). Vienna,
Austria.

Naidu, R., H. Diddee, A. Mulay, A. Vardhan, K. Ramesh & A. Zamzam. 2021. Towards quantifying the
carbon emissions of differentially private machine learning. arXiv preprint arXiv:2107.06946.

Oeko-Institut. 2020. How environmentally friendly are books? https://www.oeko.de/en/blog/how-
environmentally-friendly-are-books/#:~:text=Printed%20books,nine%20kilograms %200f%20CO2.
(accessed July 14, 2025)

Okoli, Chitu and Schabram, Kira, A Guide to Conducting a Systematic Literature Review of Information
Systems Research (May 5, 2010). Available at SSRN: https://ssrn.com/abstract=1954824 or
http://dx.doi.org/10.2139/ssrn.1954824 (accessed ?)

\ARES



\ARRI

apngy
9O
o

CENMD] sl G5 9 S an | bamn bl 3 Ol (S S Ep Fgnctn g 9 STl ! 330

Osta, M., M. Alameh, H. Younes, A. lbrahim & M. Valle. 2019. Energy efficient implementation of
machine learning algorithms on hardware platforms. In 2019 26th IEEE International Conference
on Electronics, Circuits and Systems (ICECS) (pp. 21-24). IEEE. Genova, ltaly

Pham, H., M. Guan, B. Zoph, Q. Le & J. Dean. 2018. Efficient neural architecture search via
parameters sharing. In International conference on machine learning (pp. 4095-4104). PMLR.
Stockholmsmassan, Stockholm SWEDEN (pp. 4095-4104). PMLR.

Pourpanah, F., M. Abdar, Y. Luo, X. Zhou, R. Wang, C. P. Lim, ... & Q. J. Wu. 2022. Areview of generalized
zero-shot learning methods. /EEE transactions on pattern analysis and machine intelligence 45 (4):
4051-4070.

Qiu, X., T. Parcollet, D. J. Beutel, T. Topal, A. Mathur & N. D. Lane. 2020. Can federated learning save
the planet? In NeurlPS-Tackling Climate Change with Machine Learning. In NeurlPS Workshop:
Tackling Climate Change with Machine Learning, was held virtually, due to the pandemic.

Qolomany, B., A. Al-Fugaha, A. Gupta, D. Benhaddou, S. Alwaijidi, J. Qadir & A. C. Fong. 2019.
Leveraging machine learning and big data for smart buildings: A comprehensive survey. IEEE
access Journal 7, 90316-90356.

Raghavan, B., & J. Ma. 2011. The energy and emergy of the internet. In Proceedings of the 10th ACM
Workshop on hot topics in networks (pp. 1-6). Cambridge Massachusetts.

Robertson, S., & H. Zaragoza. 2009. The probabilistic relevance framework: BM25 and beyond.
Foundations and Trends® in Information Retrieval 3 (4): 333-389.

Rolnick, D., P. L. Donti, L. H. Kaack, K. Kochanski, A. Lacoste, K. Sankaran, ... & Y. Bengio. 2022.
Tackling climate change with machine learning. ACM Computing Surveys (CSUR) 55 (2): 1-96.

Sanchez-Marofio, N., A. Rodriguez-Arias, A. Dumitru, |. Lema-Blanco, B. Guijarro-Berdifias & A. Alonso-
Betanzos. 2022. How Agent-based modeling can help to foster sustainability projects. Procedia
Computer Science 207: 2546-2555.

Scells, H., S. Zhuang & G. Zuccon. 2022. Reduce, reuse, recycle: Green information retrieval research.
In Proceedings of the 45th International ACM SIGIR Conference on Research and Development in
Information Retrieval (pp. 2825-2837). Madrid Spain

Schwartz, R., J. Dodge, N. A. Smith & O. Etzioni. 2019. Green ai. arXiv. arXiv preprint arXiv:1907.10597.

Sharma, R., S. S. Kamble, A. Gunasekaran, V. Kumar & A. Kumar. 2020. A systematic literature review
on machine learning applications for sustainable agriculture supply chain performance. Computers
& Operations Research 119: 104926.

Soboroff, 1. 2022. Overview of TREC 2021. In 30th Text REtrieval Conference (Special Publication
NIST SP 500-335). National Institute of Standards and Technology: Gaithersburg, MD.

Strubell, E., A. Ganesh & A. McCallum. 2020. Energy and policy considerations for modern deep
learning research. In Proceedings of the AAAI conference on artificial intelligence (Vol. 34, No. 09,
pp. 13693-13696). Hilton New York Midtown, New York, USA.

Vinuesa, R., H. Azizpour, |. Leite, M. Balaam, V. Dignum, S. Domisch, ... & F. Fuso Nerini. 2020. The role
of artificial intelligence in achieving the Sustainable Development Goals. Nature Communications
11 (1): 1-10.

Wang, J., J. X. Huang, X, Tu, J. Wang, A. J. Huang, M. T. R. Laskar & A. Bhuiyan. 2024. Utilizing
BERT for Information Retrieval: Survey, Applications, Resources, and Challenges. ACM Computing
Surveys 56 (7): 1-33.

Vaswani, A., N. Shazeer, N. Parmar, J. Uszkoreit, L. Jones, A. N. Gomez, ... & |. Polosukhin. 2017.
Attention is all you need. Advances in neural information processing systems 30 (1): 2.

Wiesner, P., |. Behnke, D. Scheinert, K. Gontarska & L. Thamsen. 2021. Let’s wait awhile: How temporal
workload shifting can reduce carbon emissions in the cloud. In Proceedings of the 22nd International
Middleware Conference (pp. 260-272). Québec city Canada.



aLBion

£ oslead | Fe8y90 | 160f Slwb @B

World Health Organization. 2019. Progress on household drinking water, sanitation and hygiene 2000-
2017. Special focus on inequalities. New York: United Nations Children’s Fund (UNICEF) and World
Health Organization, 2019.

Wu, C., A. Kreidieh, K. Parvate, E. Vinitsky & A. M. Bayen. 2017. Flow: Architecture and benchmarking
for reinforcement learning in traffic control. arXiv preprint arXiv:1710.05465, 10.

Xu, J., W. Zhou, Z. Fu, H. Zhou & L. Li. 2021. A survey on green deep learning. arXiv preprint
arXiv:2111.05193.

Zeki¢-Susac, M., S. Mitrovi¢ & A. Has. 2021. Machine learning based system for managing energy
efficiency of public sector as an approach towards smart cities. International journal of information
management 58: 102074.

Zhai, C. 2024. Large language models and future of information retrieval: opportunities and challenges.
In Proceedings of the 47th International ACM SIGIR Conference on Research and Development in
Information Retrieval (pp. 481-490). Washington DC USA.

Zhang, X., N. Chen, H. Sheng, C. Ip, L. Yang, Y. Chen ... & D. Niyogi. 2019. Urban drought challenge to
2030 sustainable development goals. Science of the Total Environment 693: 133536.

Zeng, W., & Z. Y. Xiao. 2024. Few-shot learning based on deep learning: A survey. Mathematical
Biosciences and Engineering 21 (1): 679-711.

Zhu, Y., H. Yuan, S. Wang, J. Liu, W. Liu, C. Deng ... & J. R. Wen. 2023. Large language models for
information retrieval: A survey. arXiv preprint arXiv:2308.07107.

Zhuang, S., L. Shou & G. Zuccon. 2023. Augmenting passage representations with query generation

for enhanced cross-lingual dense retrieval. In Proceedings of the 46th International ACM SIGIR
Conference on Research and Development in Information Retrieval (pp. 1827-1832). Taipei Taiwan.

Zuccon, G., H. Scells & S. Zhuang. 2023. Beyond CO2 emissions: The overlooked impact of water
consumption of information retrieval models. In Proceedings of the 2023 ACM SIGIR International
Conference on Theory of Information Retrieval (pp. 283-289). Taipei Taiwan.

S AL Bold
el 1 o5 31 o giamn g iy 53 (6 1S3 S pe (613 IYFF U g2e
(ISC) pllel Ol (65515 5 ol il 5 3Ll 3o Julin] & 58T Ol

el

S5 s ol aler 1 b 05 315 1 5 Goas (6,8 3L (ile 5,504

ST (21 0 (omaily A
63 ol B¢ 5 5ealS e did) 55 oulid )87 (6 gl VYA Lo e
3 ol 5l e U

.@‘6}6&%)};&u;d».?j\g}wj}hjdjlfo)b

\ARAS





