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Environmental sustainability force fields

Artificial 
Intelligence 

sustainability

ISO 
26000

ISO

London 
Declaration

Enacted 
emerging
legislation 
regulation

ISO 
Guide 82

United 
Nations’

Sustainable 
Development 

Goals

ESG Reporting

Carbon accounting

European Green Deal

EU AI Act 

SDG 6 - Clean water and sanitation 

SDG 7  - Affordable and clean energy

SDG 12 - Responsible consumption and 
production

SDG 13 - Climate action

Guidance on social responsibility

Practices for integrating social responsibility 
throughout an ç

“Foster the active 
consideration of climate 
science and associated 
transitions in the 
development of all new 
and revised International 
Standards and 
publications”

Guidelines for addressing sustainability 
in standards
A methodology address sustainability on a 
subject-specific basis.

Maximizing an organization’s contribution to 
sustainable development
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SC 42 – Artificial IntelligenceAI Sustainability

Image sources: Business Insider, Euronews.com, BBC, eenewseurope.com, techtarget.com
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Image source: Google.com
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SC 42 – Artificial IntelligenceSustainability, IT and data centres
ISO/IEC JTC 1/SC 39

Standardization of assessment methods, 
design practices, operation and 
management aspects to support: 

• Resource efficiency 
• Resilience, and 
• Environmental sustainability 

for and by information technology, data 
centres and other facilities and 
infrastructure necessary for service 
provisioning. 

Work Group 1
Resource Efficient Data Centers, 
including the Key Performance 
Indicators Series 30134

Work Group 3
Sustainable Facilities & 
Infrastructures

Work Group 4
Eco-Design of Digital Services
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SC 42 – Artificial IntelligenceArtificial intelligence
ISO/IEC JTC 1/SC 42

Standardization in the area of Artificial 
Intelligence

Serve as the focus and proponent for JTC 
1's standardization program on Artificial 
Intelligence

Provide guidance to JTC 1, IEC, and ISO 
committees developing Artificial Intelligence 
applications

Work Group 1
Foundational standards

Work Group 2
Data

Work Group 3
Trustworthiness

Work Group 4
Use cases and applications

Work Group 5
Computational approaches
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International 
Standard

Technical 
Specification

Technical 
Report

AI sustainability and beneficiality

ISO/IEC TR 20226 CD
Environmental sustainability aspects of AI systems

ISO/IEC TR 21221 CD
Beneficial AI systems

Key Performance Indicators Series 30134

TS 20125 WD
Digital Services Ecodesign
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SC 42 – Artificial IntelligenceKey Performance Indicators Series
ISO/IEC 30134-1 to 9
• General requirements

• Energy Reuse Factor
• Renewable Energy Factor

• Power Usage Effectiveness
• Carbon Usage Effectiveness
• Water Usage Effectiveness

• Cooling Efficiency Ratio

• IT equipment energy 
effectiveness for servers
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SC 42 – Artificial IntelligenceDigital services ecodesign - Ecopractices for 
life cycle stages
TS 20125 WD
Requirements and recommendations 
applicable for design, implementation, 
operations and termination in order to 
minimize adverse environmental 
impacts during all stages of the service 
life cycle.

Common language and understanding 
on this subject, primarily for project 
teams of private and public 
organizations.

digital service
<information technology> a set of electronic devices, 
software, and telecommunications networks interacting 
to provide one or several functions to users.

Note 1 : a digital service may use other digital services. 
In this case, requirements and recommendations appl to 
all services under control of the organization performing

ecodesign
systematic approach that considers environmental 
aspects in design and development with the aim to 
reduce adverse environmental impacts throughout the 
life cycle of a product. 

Note 1: Other terminology used worldwide includes 
“environmentally conscious design (ECD)”, “design for 
environment (DfE)”, “green design” and “environmentally 
sustainable design”
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SC 42 – Artificial IntelligenceBeneficial AI systems
ISO/IEC TR 21221 CD

An AI system is perceived as beneficial 
when it functions as designed, is 
trustworthy and is purposefully and 
responsibly applied to create positive 
value and impact for its stakeholders.

Functional
Economic

Environmental
Social

Societal
Cultural

Intellectual
Personal

Image source: ISO/IEC TR 21221 CD
10



SC 42 – Artificial Intelligence

Energy

Types of 
energy

Sources of 
energy

Renewable 
sources

Non-
renewable 

sources

Geography

Location

Distribution

Transportation

Handling and 
storage

Water

Water use

Clean water 
use

Carbon

Carbon 
footprint
-Emitted
-Embedded

Carbon 
leakage

Waste

eWaste

Recycling

Exports

Cooling

Types of 
cooling

Post cooling 
use

Consumption

Consumption 
patterns

Rebound 
effects

Environmental sustainability aspects of AI 
systems
ISO/IEC TR20226 CD
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SC 42 – Artificial IntelligenceApproaches to reducing environmental 
sustainability impacts

AI system ecosystem

Geographic location

Carbon aware scheduling

Carbon aware pausing

Generative AI

Synthetic data

Adapting a foundation model

Transfer learning

AI system lifecycle

Carbon-aware Core SDK

Computationally efficient algorithms

Use pretrained models

Automated ML

Federated learning models

Customized processors

Energy efficient reinforcement 
learning

Public APIs

AI system supply chain

Certification of hardware and data 
centres

Using recycled rare earth elements in 
AI specific hardware

Applying circular economy concepts 
and principles

Verification	and	
Validation

• Verification
• Validation

Deployment

• Transition

Design	and	Development

• Architecture	definition
• Design	definition
• System	analysis
• Knowledge	acquisition
• AI	data	engineering
• implementation
• Integration

Inception

• Business	or	mission	analysis
• Stakeholder	needs	and	
requirements	definition

• System	requirement	
definition

Re-evaluation

• Quality	assurance
• Stakeholder	needs	and	
requirements	definition

• Validation

Retirement

• Disposal

Continuous	
Validation

• Continuous
validation

Operation	and	
Monitoring

• Operation
• Maintenance

Goal and scope definition

Preparing for data collection

Data collection

Validation of data

Relating data to unit process

Relating data to functional 
unit

Data aggregation

Refining the system boundary

Completed inventory

Reuse & 
recycling
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SC 42 – Artificial IntelligenceTerms of Reference
SC 42 Joint Advisory Group on AI and sustainability with 
SC 39

Noting the
• increasing importance of AI and Sustainability
• the existing work and collaboration between SC 42 and SC 39
• the application of AI for sustainability
• the need for sustainable AI systems
• AI systems are deployed in topologies on devices, at the edge / node, 

cloud / data center and everything in between

The advisory group is tasked with roadmapping in this area and providing 
recommendations for potential new projects.
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Join us
Image source: Microsoft
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Contacts:
Fumihiro Maruyama (WG4 convenor):  maruyama@gakushikai.jp

Harm Ellens (project editor): harm.ellens@virtual-ink.com.au

mailto:maruyama@gakushikai.jp
http://harm.ellens@virtual-ink.com.au


SC 42 – Artificial IntelligenceMeasuring environmental sustainability of AI 
systems

AI system 
ecosystem

GPU energy

Energy consumption

Energy efficiency

Power usage effectiveness 

Renewable energy factor

Water usage effectiveness

Carbon usage effectiveness

Energy efficiency 
improvement

AI system lifecycle

Energy-precision ratio

AI system supply chain

Raw material extraction 
method

Transportation of materials

Material hazard and 
environmental leaching risk

Material sustainability

Transportation emissions

Water use

Other

Carbon intensity of a 
machine learning model

Software Carbon Intensity 
(SCI)

Operational carbon 
emissions

Embodied carbon 
emissions

ISO metric
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Traceability,	transparency	and	explainability

Security	and	privacy

Risk	Management

Governance

Verification	and	
Validation

• Verification
• Validation

Deployment

• Transition

Design	and	Development

• Architecture	definition
• Design	definition
• System	analysis
• Knowledge	acquisition
• AI	data	engineering
• implementation
• Integration

Inception

• Business	or	mission	analysis
• Stakeholder	needs	and	
requirements	definition

• System	requirement	
definition

Re-evaluation

• Quality	assurance
• Stakeholder	needs	and	
requirements	definition

• Validation

Retirement

• Disposal

Continuous	
Validation

• Continuous
validation

Operation	and	
Monitoring

• Operation
• Maintenance

Goal and scope definition

Preparing for data collection

Data collection

Validation of data

Relating data to unit process

Relating data to functional 
unit

Data aggregation

Refining the system boundary

Completed inventory

Reuse & 
recycling
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