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Why Sustainability Assessment Matters?
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» Large research infrastructures consume electricity at the scale of small
cities.

= As energy-intensive facilities, they face increasing pressure to align
scientific excellence with responsible resource utilization.

Abusaif, De Carne & Kemp, doi: 10.1109/ESM.2026.3661462, 2026
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Emissions depend not only on energy demand but also on the carbon
intensity of the underlying electricity mix.

Need for a scientifically rigorous and multidimensional framework
capable of evaluating sustainability beyond single metrics.
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https://ieeexplore.ieee.org/document/11499986

How Should Sustainability Be Assessed?

Challenge 1 Challenge 2 Challenge 3

Sustainability is Scientific output must Existing tools are
multidimentional be considered valuable but do not
fully address the
operational,

science-normalized
assessment needs
of research
infrastructures.

— A common framework is needed to quantify sustainability
performance while explicitly linking environmental impacts to scientific
mission delivery.
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¥ Goal: minimize
/\ Goal: maximize

A Framework for Assessing
Sustainability Performance

Key Characteristics:

v Structured around Resources, Energy, and GHG
Emissions.

(\

9 sustainability subdomains.

(\

22 high-level sustainability indicators.

(\

Supports variable-level decomposition of
indicators when additional assessment
granularity is required.

(\

Applicable from component to facility level.

(\

Normalization using scientific output and
operational time.

v Explicitly incorporates objective-function
direction through maximize and minimize
sustainability criteria.
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Distinction: Scientific Output as a Sustainability Reference

Energy per Science
'/ CO, per Science
Material per Science

Energy Consumption
CO, Emissions

Material Use

Etc. Etc.
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Conventional Sustainability Science-Integrated Metrics
Metrics

Sustainability performance should be evaluated not only by environmental impacts, but
also by the scientific value generated.
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Distinction: Beyond Operational and Science-Normalized

Metrics

= Examples of Facility-Level Indicators:

= Energy Management sub-domain:
— Self-Sufficiency Ratio (SSR).
— Energy Recovery.
— Power Usage Effectiveness (PUE).
— Etc.

= Resources domain:
— Recyclability Index.
— Residual Toxicity per Land.
— Etc.

Not all sustainability indicators should be referenced to scientific output;

some indicators characterize the sustainability performance of the
infrastructure itself.
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Sustainability assessment must address
multiple decision layers.
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4 A
Assessment scope

Component, system
or facility

Deploying the Framework: From Indicators to Sustainability
Scores
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Case study: Framework Deployment at Component Level

= Accelerator technology component
study.

= Sustainability assessment of a set of
alternative electromagnet solutions.

= Based on extensive 3D finite-element
magnet simulations.

= Sustainability scores calculated using
the proposed framework.

— The framework supports
sustainability-informed design planning
before technology deployment.
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Conclusions

What cannot be measured cannot be managed!
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