Final draft ETS| ES 204 135 V1.1.0 (2026-04)

ETSI STANDARD

Environmental Engineering (EE);
Guidelines for Assessing the Environmental Impact of
Artificial Intelligence systems

ETSI ES 204 135 V1.1.0 (2026-04) « https://standards.iteh.ai/catalog/standards/etsi/9fef735c-56a7-490d-a906-5c46101a8b9c/etsi-es-204-135-v1-1-0-2026-04


https://standards.iteh.ai/catalog/standards/etsi/9fef735c-56a7-490d-a906-5c46101a8b9c/etsi-es-204-135-v1-1-0-2026-04
https://standards.iteh.ai/catalog/standards/etsi/9fef735c-56a7-490d-a906-5c46101a8b9c/etsi-es-204-135-v1-1-0-2026-04

2 Final draft ETSI ES 204 135 V1.1.0 (2026-04)

Reference
DES/EE-EEPS77

Keywords

artificial intelligence, green-house gas emission,
LCA

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +334 9294 42 00 Fax: +33 4 93 65 47 16

Siret N° 348 623 562 00017 - APE 7112B
Association & but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° w061004871

Important notice

The present document can be downloaded from the
ETSI Search & Browse Standards application.

The present document may be made available in electronic versions and/or in print. The content of any electronic and/or
print versions of the present document shall not be modified without the prior written authorization of ETSI. In case of any
existing or perceived difference in contents between such versions and/or in print, the prevailing version of an ETSI
deliverable is the one made publicly available in PDF format on ETSI deliver repository.

Users should be aware that the present document may be revised or have its status changed,
this information is available in the Milestones listing.

If you find errors in the present document, please send your comments to
the relevant service listed under Committee Support Staff.

If you find a security vulnerability in the present document, please report it through our
Coordinated Vulnerability Disclosure (CVD) program.

Notice of disclaimer & limitation of liability

The information provided in the present deliverable is directed solely to professionals who have the appropriate degree of
experience to understand and interpret its content in accordance with generally accepted engineering or
other professional standard and applicable regulations.
No recommendation as to products and services or vendors is made or should be implied.

No representation or warranty is made that this deliverable is technically accurate or sufficient or conforms to any law
and/or governmental rule and/or regulation and further, no representation or warranty is made of merchantability or fithess
for any particular purpose or against infringement of intellectual property rights.

In no event shall ETSI be held liable for loss of profits or any other incidental or consequential damages.

Any software contained in this deliverable is provided "AS IS" with no warranties, express or implied, including but not
limited to, the warranties of merchantability, fithess for a particular purpose and non-infringement of intellectual property
rights and ETSI shall not be held liable in any event for any damages whatsoever (including, without limitation, damages

for loss of profits, business interruption, loss of information, or any other pecuniary loss) arising out of or related to the use
of or inability to use the software.

Copyright Notification

No part may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm except as authorized by written permission of ETSI.
The content of the PDF version shall not be modified without the written authorization of ETSI.
The copyright and the foregoing restriction extend to reproduction in all media.

© ETSI 2026.
All rights reserved.

ETSI


https://www.etsi.org/standards-search
http://www.etsi.org/deliver/
https://portal.etsi.org/Services/editHelp/Standards-development/Tracking-a-draft/Status-codes
https://portal.etsi.org/People/Commitee-Support-Staff
https://www.etsi.org/standards/coordinated-vulnerability-disclosure
https://standards.iteh.ai/catalog/standards/etsi/9fef735c-56a7-490d-a906-5c46101a8b9c/etsi-es-204-135-v1-1-0-2026-04
https://standards.iteh.ai/catalog/standards/etsi/9fef735c-56a7-490d-a906-5c46101a8b9c/etsi-es-204-135-v1-1-0-2026-04

3 Final draft ETSI ES 204 135 V1.1.0 (2026-04)

Contents

INtellectual Property RIGNES.... ..ot b e e e en e ns 5
01 Yo (o ST 5
MoOdal VErDS TEMINOIOQY ... .ccteieeiicieee ettt st e e s te s ae e aesbeeaeesbesreentesaeeasessesneensesreeneensessens 5
EXOCULIVE SUMIMIBIY ...ttt sttt sb ettt s e st e b e e b et e ne e e et et e ne e st e be e b et et et e st e senreabeneennan 5
1100 [ Tox A o] o S 6
1 o0 0L SR 7
2 REFEIBINCES ...ttt ettt a b bt s e et et e s e et e Rt e bt e b e s b et et e e et et enenbeebenrens 7
21 NOFMBLIVE FEFEIEINCES ....cueitiiteite ittt ettt sttt h ettt ese e ke sh e eb e bt e bt e it e e e s bese e ke sbeeb e e e ens e beae e besaeebenneennennens 7
2.2 INFOrMELIVE FEFEIENCES.......eieieiete ettt ettt b e b bbbt e et se e e b e s bt eb e e e e s e eesn et e saeebenneeneennens 7
3 Definition of terms, symbols and abbreviations............ccooeeeiineere e s 8
31 LIS 1SR PP PR URPRPPPTI 8
3.2 SYIMDOIS. ..ottt ettt b e et b e et b e s e Rt bt s e e Rt b e e e R AR e AR e Rt SRR Rt R e Rt b e Rt b et b e n e 11
33 F Y o] 1= V7= 0] S 11
4 LYo o OSSPSR 11
5 Yo T o RSP SRSSR 11
6 Overview oOf Al SyStem CRAraCteriSHICS. ......cueeririeriiiti ittt sn e e 12
6.1 LT 0T OSSP 12
6.2 AL SYSEEIM LT CY IRttt bbb bbbt b e s bt b e s b et ekt s e et eb e sb et eb e s b e e ebenrennene s 12
6.3 ClassifiCation Of Al SYSIEIMS. ......ciiiiiecie ettt e e e e st e st e e teestesaaesaeesseesseenseaneeanseeseenneesseesnens 14
7 General 0N LCA MEtNOUOIOFY .....c.vcveureieiiriiiisiesiest ettt sttt er e s s e s nnenas 15
8 Framework for assessing the environmental impact of Al SYSEEMS........cceovinirininenereeeeeseee 16
8.1 LCA for environmental impact from the Al SYSIEM........ccci it 16
811 (€71 PR 16
812 Goal and scope definition fOr Al SYSEEIM .......ciiiiciiieee bbb 17
8121 Goal and SCOPE OF TN STUAY .....e.veuieeiieieeeereet et 17
8.1.22 FUNCLIONAL UNIT ...ttt bbbttt bbbt bt bt et e s e e e e e bt sbeebe e e enneneen 18
8.1.2.3 SYSIEM DOUNUAITES .....oeeeieeteeee ettt ettt et e e te e e et e saeesaeesaeesseenseenseensennaenneesneesenes 19
8.1.24 CUL-OFT TUIBS ..t bbbt h et e e e et b e bt bt et e e et et e e e b e s b e sbesbeebe e e enbennens 19
8.1.3 Life Cycle Inventory (LCI) fOr Al SYSIEIM .......co ittt st et e ne e 19
8.131 GENETA ...ttt E R R R R R R R Rt R bR n e 19
8.1.32 Dz e N oo | [= o o] o IO S O PPTURPRURRRRPIN 19
8.1.33 (D= = W= ot (] o P RRRUSN 22
8.1.34 Allocation procedure / allocation of datafor Al SYSEM ... 22
814 Life Cycle Impact Assessment (LCIA) for Al system - Selecting environmental impact categories......... 22
8.15 Life cycle interpretation fOr Al SYSIEIM .. ... e 23
8.1.6 Reporting and Critical review of LCA resultSfor Al SYSIEM ..o 23
8.2 General description of comparative LCA for Al system footprint (first order effects) ........ccocvovevvcinennenee 23
8.2.1 (C1c 07 - OSSO PSP PSP PURT PPN 23
8.2.2 Target systems for comparative analySiSfor Al SYSEEM .......c.occveiie i 24
8.2.3 Principles of comparisons between systems (comparative analySis) .......cccevvevveeeseeseeneeiese e 24
8.24 Methodological framework of comparative analysis for an Al SYyStEM ........cccccevcevieeveeneece e 25
8.3 Evaluation of second- and higher-order effects coming fromthe use of Al........ccooveev e 26
831 Scope of this clause: clarification Of the term "USE" .........coiiiiie s 26
8.3.2 Specific elements of the assessment of the GHG impact of Al SyStem USE........cccceverrinenneneieneeee 26
8.321 LCTC 0T TSRS 26
8322 Identifying the user and specifying the inteNded USE ... 26
8.3.23 Precise knowledge and description of the Al system use case studied ...........covereeiercienencincneenens 26
8.3.24 I dentifying consequences unrelated to GHG emissions (i.e. non-GHG consequences)...........cccovvveneee. 26
8.3.25 Definition of the referenCe SILUBLION. ..........ooiieeieeee e e e sr e 27
8.3.2.6 Assessing the second-order effects of Al SYSLEM USE........ccccvieiieii e 27
8.3.2.7 Assessing the higher-order effects of Al SYSIEM USE........covevieiieie e 27

ETSI


https://standards.iteh.ai/catalog/standards/etsi/9fef735c-56a7-490d-a906-5c46101a8b9c/etsi-es-204-135-v1-1-0-2026-04
https://standards.iteh.ai/catalog/standards/etsi/9fef735c-56a7-490d-a906-5c46101a8b9c/etsi-es-204-135-v1-1-0-2026-04

Annex A (informative):
Annex B (informative):
Annex C (informative):
Annex D (informative):

Annex E (informative):

4 Final draft ETSI ES 204 135 V1.1.0 (2026-04)

Other initiatives on environmental impact of Al .......cccoovviieieieieeieceens 28

Examples of impacts from Open-sour ce development of Al systems....... 29

Exampleof LCI datafor an Al SyStem ... 30
Analysis of the functional unit examples against the set criteria............... 31
Example of a consequencetreefor a specific use of an Al system ............ 32
............................................................................................................................... 36

ETSI


https://standards.iteh.ai/catalog/standards/etsi/9fef735c-56a7-490d-a906-5c46101a8b9c/etsi-es-204-135-v1-1-0-2026-04
https://standards.iteh.ai/catalog/standards/etsi/9fef735c-56a7-490d-a906-5c46101a8b9c/etsi-es-204-135-v1-1-0-2026-04

5 Final draft ETSI ES 204 135 V1.1.0 (2026-04)

Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The declarations
pertaining to these essential IPRs, if any, are publicly available for ETSI members and non-member s, and can be
found in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to
ETS in respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the
ETSI IPR online database.

Pursuant to the ETSI Directivesincluding the ETSI IPR Policy, no investigation regarding the essentiality of IPRS,
including I PR searches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not
referenced in ETSI SR 000 314 (or the updates on the ETS| Web server) which are, or may be, or may become,
essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its
Members. 3GPP™, LTE™ and 5G™ logo are trademarks of ETSI registered for the benefit of its Members and of the
3GPP Organizational Partners. oneM 2M ™ |ogo is atrademark of ETSI registered for the benefit of its Members and of
the oneM2M Partners. GSM® and the GSM logo are trademarks registered and owned by the GSM Association.

Foreword

Thisfinal draft ETSI Standard (ES) has been produced by ETSI Technical Committee Environmental Engineering (EE),
and is now submitted for the ETSI V ote phase of the ETSI Membership Approval Procedure (MAP).

Modal verbs terminology

In the present document “shall”, "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" areto beinterpreted as described in clause 3.2 of the ETS| Drafting Rules (Verba forms for the expression of
provisions).

"must” and "must not" are NOT alowed in ETSI deliverables except when used in direct citation.

Executive summary

The present document provides methodology for assessing environmental impact of Al systems. The methodology is
based on Life Cycle Assessment (LCA) methodology standardized in Recommendation ITU-T L.1410/ ETSI

ES 203 199 [1] and method for enabling effects for other sectors standardized in Recommendation ITU-T L.1480 [2].
The guidance in the present document focuses on Al system specific aspects which need to be taken into account in the
assessment. Aggregation of Al impact on international, national or regional level is not part of the present document.
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Introduction

The present document was developed jointly by ETSI TC EE and ITU-T Study Group 5. It was published respectively
by ITU as Recommendation ITU-T L.1801 [i.14] and ETSI as ETSI ES 204 135 (the present document), which are
equivalent in technical content.

Asthe demand for Artificial Intelligence (Al) technology increases, so does the environmental pressure it imposes. The
environmental impact associated with Al, driven by significant energy costs, has become a critical issue that needsto be
addressed for the future devel opment of Al.

The present document provides a holistic framework for eval uating the environmental impact of Al systems, covering
direct and indirect impacts, assessment, and mitigation strategies. The methods in Recommendation ITU-T L.1410/
ETSI ES 203 199 [1] and Recommendation ITU-T L.1480 [2] provide the baseline for this framework. This standard is
built on those methods and provides additional guidance to the practitioner on how to apply the methods for Al systems.

For minimizing and mitigating the environmental impact of Al systems, it isimportant to take alife cycle approach
understanding the whole life cycle of Al systems. For this, Life Cycle Assessment (LCA) isthe most widely used and
best available methodology for assessing the environmental impact, including GHG emissions. Therefore,
Recommendation ITU-T L.1410/ ETSI ES 203 199 [1] has been taken as the baseline for this framework.

The present document can further help relevant parties ensure that current actions are effective in addressing the
evolving climate change over the long term. The present document provides a focused framework for evaluating
whether it is environmentally beneficial, from an environmental impact perspective, to use Al technology compared to
not using Al or comparing the environmental impact of two Al systems. This assessment takes into account the full life
cycle of Al systems, including the use of the Al system. It can help Al users choose a system or solution that will have
less impact on the environment. The methodology followed in the present document does not presume a result of the
assessment of the use of Al, which may either contribute to or undermine global sustainability.

Al and the Environment report from ITU [i.12] describes the earlier work in this area and contains referencesto ITU
documentation and the outcome from FG AI4EE group. This report also includes possible mitigation actions for
reducing the environmental impact of Al.

Annex A of the present document describes other initiatives on this topic.
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1 Scope

The present document provides guidelines for assessing the environmental impact of Artificial Intelligence (Al) systems
objectively and transparently. The scope includes:

e Overview of theimpacts of Al systems on the environment.
. Framework for evaluating the environmental impact of Al.

The guidelines in the present document are based on the Life Cycle Assessment (LCA) methodology standardized in
Recommendation ITU-T L.1410/ ETSI ES 203 199 [1] and method for enabling effects for other sectors standardized
in Recommendation ITU-T L.1480[2].

The present document does hot cover the assessment of the environmental impact of Al systems aggregated at
worldwide or nationa level, which may be covered in the future in another standard.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected location might be found in the
ETSI docbox.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long-term validity.

The following referenced documents are necessary for the application of the present document.

[1] Recommendation ITU-T L.1410 (2024) / ETSI ES 203 199: "Methodology for environmental life
cycle assessments of information and communication technology goods, networks and services'.

[2] Recommendation ITU-T L.1480: "Enabling the Net Zero transition - Assessing how the use of
information and communication technology solutions impacts greenhouse gas emissions of other
sectors'.

NOTE: At thetime of drafting the present document, the equivalent ETSI ES 204 087 is under development and
is expected to be submitted for Member Vote shortly.

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long-term validity.

The following referenced documents may be useful in implementing an ETSI deliverable or add to the reader's
understanding, but are not required for conformance to the present document.

[i.1] Regulation (EU) 2024/1689 of the European Parliament and of the Council of 13 June 2024 laying
down harmonised rules on artificial intelligence and amending Regulations (EC) No 300/2008,
(EU) No 167/2013, (EU) No 168/2013, (EU) 2018/858, (EU) 2018/1139 and (EU) 2019/2144 and
Directives 2014/90/EU, (EU) 2016/797 and (EU) 2020/1828 (Artificia Intelligence Act).
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[i.2] I SO 14040:2006: "Environmental management — L ife cycle assessment — Principles and
framework".

[i.3] I SO/IEC 22989:2022: "Information technology — Avrtificial intelligence — Artificial intelligence
concepts and terminology”.

[i.4] I SO/IEC 5338: 2023: "Information technology — Artificia intelligence — Al system life cycle
processes".

[i.5] ETSI EN 303 800-2 / Recommendation ITU-T L.1025: "Environmental Engineering (EE);

Assessment of material efficiency of ICT network infrastructure goods (circular economy); Part 2:
Server and data storage product secure data deletion functionality".

[i.6] Farzan, M.; Kallio, S.: "A transparent and standards-based way to assess the environmental impact
of Al systems", 2024.

[i.7] Recommendation ITU-T L.1420 (2012): "Methodology for energy consumption and greenhouse
gas emissions impact assessment of information and communication technologiesin
organizations'.

[1.8] GHG Protocol: "A Corporate Accounting and Reporting Standard".

[i.9] ILCD Handbook: "General guide for Life Cycle Assessment - Detailed guidance”, 2010.

[i.10] ISO/IEC 22989:2022/DAmd 1. "Information technology — Artificia intelligence — Artificial
intelligence concepts and terminology”, draft Amendment 1.

[i.11] I SO/IEC 5230:2020: "Information technology — OpenChain Specification".

[1.12] ITU: "Al and the Environment - 2024 Report”.

[i.13] IEA: "Energy and Al", April 2025.

[i.14] Recommendation ITU-T L.1801 (2026): " Guidelines for assessing the environmental impact of

artificial intelligence systems”.

3 Definition of terms, symbols and abbreviations

3.1 Terms

For the purposes of the present document, the following terms apply:
Artificial Intelligence (Al): <discipline> research and devel opment of mechanisms and applications of Al systems

NOTE 1. Research and development can take place across any number of fields such as computer science, data
science, humanities, mathematics and natural sciences.

NOTE 2: Source: |SO/IEC 22989:2022 [i.3].
Al agent: automated entity that senses and responds to its environment and takes actions to achieve its goals
NOTE: Source: ISO/IEC 22989:2022 [i.3].

Al system: engineered system that generates outputs such as content, forecasts, recommendations or decisions for a
given set of human-defined objectives

NOTE 1: The engineered system can use various techniques and approaches related to artificial intelligence to
develop amodel to represent data, knowledge, processes, etc. which can be used to conduct tasks.

NOTE 2: Al systems are designed to operate with varying levels of automation.
NOTE 3: Source: ISO/IEC 22989:2022 [i.3].
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automation: process or system that, under specified conditions, functions without human intervention
NOTE: Modified from Source: I1SO/IEC 22989:2022 [i.3].

continual learning: incremental training of an Al system that takes place on an ongoing basis during the operation
phase of the Al system life cycle

NOTE: Source: ISO/IEC 22989:2022 [i.3].

data sanitization: process of deliberately and irreversibly deleting or destroying any data stored in memory on a device
to render it unrecoverable

NOTE: Source: ETSI EN 303 800-2 [i.5].

deep learning, deep neural network learning: <artificial intelligence> approach to creating rich hierarchical
representations through the training of neural networks with many hidden layers

NOTE 1: Deep learning is a subset of ML.
NOTE 2: Source: |SO/IEC 22989:2022 [i.3].

embodied emissions: lifecycle(s) Greenhouse Gas (GHG) emissions from the following life cycle stages. raw material
acquisition, production and end-of-life treatment

NOTE 1: Each life cycle includes transportation as generic process.
NOTE 2 The Greenhouse Gas (GHG) emissionsinclude all life cycle stages other than the use stage.
NOTE 3: Source: ETSI ES 203 199 [1].
environmental impact: impact including positive and negative aspects on the environment
NOTE: Source: ETSI ES203 199 [1].

expert system: Al system that accumulates, combines and encapsul ates knowledge provided by a human expert or
expertsin a specific domain to infer solutions to problems

NOTE: Source: ISO/IEC 22989:2022 [i.3].
foundation model: Al model that can be used for or readily adapted to a wide range of tasks in one or more domains

NOTE 1: A typical way to build afoundation model isto apply supervised machine learning or self- supervised
machine learning on alarge amount of data.

NOTE 2: A foundation model can be used as part of various applications, tasks and use cases, which do not
necessarily involve generative Al.

NOTE 3: Source: |SO/IEC 22989:2022/DAmd 1 [i.10].
functional unit: quantified performance of a product system for use as a reference unit
NOTE: Source: 1SO 14040:2006 [i.2].

general Al, AGI, artificial general intelligence: type of Al system that addresses a broad range of tasks with a
satisfactory level of performance

NOTE 1: Compared to narrow Al.

NOTE 2: AGI isoften used in a stronger sense, meaning systems that not only can perform a wide variety of tasks,
but all tasks that a human can perform.

NOTE 3: Source: ISO/IEC 22989:2022 [i.3].

gener ative artificial intelligence system, generative Al system, GenAl system: Al system based on techniques and
models that aim to generate new content

NOTE 1: Examples of generated content can include text, audio, code, video and image.
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