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The European Laboratory Directors Group that coordinates the European programme of accel-
erator Research and Development took recently the decision to establish a working group on
sustainability assessment of future accelerators. Working group mandate is to develop guidelines
and a minimal set of key indicators pertaining to the methodology and scope of the reporting of
sustainability aspects for future HEP projects. A panel of fifteen people has been endorsed by
the LDG and is currently committed to prepare an input document for the Update of European
Strategy for Particle Physics. The working group includes representatives of the projects of future
accelerators and experts on sustainability of large research infrastructures, involved in initiatives
like the CERN Sustainability Panel, IFAST, EAJADE, iSAS, STFC Sustainability Task Force, on
the ESS Green Infrastructure. The talk was intended to summarize current status and receive
feedbacks on the initiative from the HEP community.
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1. Introduction

The working group on the sustainability assessment of future accelerators has been established
by the Laboratory Directors Group in March 2024. It was added to the working packages on i)
HTS and LTS High-Field Magnets, ii) High-gradient Laser/Plasma acceleration, iii) High-gradient
Accelerating Structures (normal- and super- conducting RFs), iv) Muon Collider and v) Energy-
Recovery Linacs, that serve as coordination forums for the development of the roadmap of the
European Strategy for Particle Physics in the field of R&D for accelerators.

The working group has the mandate to develop guidelines and a minimal set of key indicators
for the sustainability assessment of future HEP projects.

The panel is constituted by fifteen members with expertise in the evaluation of sustainability of
large research infrastructures (RIs), being involved in the panels of European Laboratories (CERN,
DESY, ESS, NIKHEF, STFC), of ICFA (the International Committeee for future Accelerators), or
participating to EU-Horizon programmes developing and promoting green technologies (EAJADE,
i.FAST, iSAS), or representing the Collaborations for projects of future accelerators (FCC, ILC,
CePC, CLIC and Muon Collider, LHeC, C3).

2. Working Group Activity

The working group (WG) shared the broad range of experiences in sustainability matters,
presenting and discussing several issues, from sustainability scopes (social, economical or envi-
ronmental) to be addressed, to the impact categories to be considered, to the methodologies for
evaluation to be applied. Invited contributions have been also considered, including those on i)
“Decarbonization for large RI" from an engineering consultant of a firm (ARUP) with experts in
sustainability evaluation; ii) the “EU-Horizon Project RF2.0" aiming to the study and reduction of
power consumption of the research infrastructures; iii) the “Reduction of greenhouse gas emissions
in particles detectors", a path needed to abate the present dominant source of direct emissions
during accelerator operation at CERN.

Structure and contents of the WG report have been suggested by all contributions and follow-up
discussions. They are presented in the next section.

3. WG Report: layout and contents

The bulk of issues that are being elaborated pertain to

• socio-economic benefits of particle physics in relation to the UN Sustainable Development
Goals that refer to society, economy and environment;

• basis of sustainability assessment of large accelerator infrastructures;

• methodology and reporting of Life Cycle Assessment (LCA) of HEP accelerators;

• evaluation of greenhouse gas (GHG) emissions in construction, operation and decommis-
sioning phases and
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• mitigation and compensation strategies.

The 2030 Agenda for Sustainable Development, adopted by all United Nations Member States
in 2015, provides 17 Sustainable Development Goals (SDGs) aiming to end poverty and other
deprivations, improve health and education, reduce inequality, spur economic growth, tackle climate
change and work to preserve oceans and forests [1].

The HEP projects for future accelerators are international initiatives which serve very inte-
grated, truly global scientific communities. They require infrastructures of a size and cost that can
only be built through international cooperation. As global enterprise and challenging technological
feat, the accelerators-based research infrastructures are expected to produce socio-economic im-
pacts beyond scientific knowledge, across many of the SDGs, namely good health and well-being
(3); high-quality education (4); industry, innovation and infrastructure (9); peace, justice and strong
institutions (16); partnerships for the goals (17).

Future accelerators by pushing the frontiers of science and technology, constitute innovation
endeavours where researchers work with high-tech companies that supply state-of-the-art services
and technologies. These collaborations have the potentiality to generate spin-offs of interest in a
broader socio-economic context. Accelerators-based research infrastructures constitute knowledge
hubs that contribute in preparing and training young scientists and technology developers in cooper-
ation with universities and industries. Public perception of the value of the investments in projects
for future accelerators relies on the plans for explaining scientific potentialities and the returns for
the society in knowledge, technology and education. At the level of European Strategy Forum
for Research Infrastructures (ESFRI), socio-economic impact has become one of important con-
siderations in the road-mapping process that identifies European investment priorities in Research
Infrastructures and has also increasingly entered into discussions on funding priorities at national
and regional levels.

Understanding of these impacts are necessary for public authorities and credit institutions to
make informed investment decisions. Models for the evaluation are being developed, however
consensus on how impacts can be measured and described still needs to be elaborated at ESFRI
level. This is complex as impact of scientific discoveries or novel technologies extend over long
time scales, up to decades after finding. One of the most recent studies was carried out by the Centre
for Economics and Business Research (CEBR) for the European Physical Society and published in
2019 [2]. It is important to develop and share good practices on impact assessments as it has for
example been implemented with CERN periodic environment reports that rely on the guidelines set
by the Global Reporting Initiative (GRI), an international organization of independent stakeholders.

The goal to design greener accelerators-based research infrastructures is intended in such a
context as aligned with the other SDGs.

Life Cycle Assessment (LCA) is the methodical approach to quantify the environmental impact
of a system, product or organisation, that is defined by the 14040 ISO standard suite [3]. It is codified
into four steps, namely i) Goal and Scope definition; ii) Life Cycle Inventory setting; iii) Life Cycle
Assessment Impact evaluation and iv) Life Cycle Interpretation. The goals for conducting an LCA
range from the evaluation and optimisation of the environmental impact at an early project stage,
to providing input for technological choices, to fulfilling legal requirements for project submission.
Different goals affect methodology and metrics adopted, including scope covered, with functional
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units, life cycle stages considered and impact categories studied. A natural functional unit for
the HEP projects of future colliders is the accelerator, the detectors and acquisition centers, and
the infrastructures needed to place, install and operate the accelerator. Defining the methodology
entails a choice of the impact categories to be evaluated and how the impact is calculated, for
instance, whether global averages or local impact factors are used for electricity or raw materials.
The impact of emissions on climate change, quantified as Global Warming Potential (GWP), is by
far the most considered in public debate and legislation. A number of methods and standards exist
for its evaluation and reporting, as the Green-House Protocol (GHP), EN15804, PAS2080 [4, 5].
GWP is present in all series of midpoint categories used for LCAs [6, 7], that include among others,
emissions of particulates, use of freshwater, land use and transformation, use of natural resources.
During Life Cycle Inventory Assessment (LCIA), data from the decomposition of the functional
unit in elements are processed with dedicated softwares, such as Simapro®, OpenLCA or One Click
LCA®, analyzing construction, operation and decommissioning phases. The assessment of the Life
Cycle Impact requires databases such as ecoinvent® containing data on the impact of materials,
manufacturing process and handling of the products, that can vary considerably from one region
to another. Sources of uncertainty within an LCA, such as input data accuracy and accuracy of
the models to extrapolate data with time, deserve proper consideration and reporting to clarify the
boundaries of the assessment.

Evaluation of the GWP of future accelerators at an early stage of the design gives insights
on materials and processes with the largest emissions to target reductions in those areas. On the
construction phase, engineering civil works are being considered as a major source of emissions,
deserving special care for the sustainability of the project, followed by materials and manufacturing
needed for cavities (RFs) and magnets. For the operation phase, electricity consumption (RFs,
magnets, cooling, services) is being addressed, considering that CO2 footprint of electricity varies
from a region to another and with time. Direct emissions from gas detectors and indirect emissions
from acquisition data centers are also being scrutinized. Decommissioning phase deserves the
analysis of recycling and disposal of used components, radioactive waste, land reuse.

Mitigation and compensation measures include the introduction of greener materials and
procedures for engineering works, the responsible procurement of products and electricity, the
implementation of systems for heat recovery and supply, the investment in R&D of green accelerator
technologies, and nature-based interventions.

4. Summary and Outlook

The working group on sustainability assessment of future accelerators was established by
the Laboratory Directors Group with mandate to develop a motivated list of key parameters for
the sustainability assessment of future accelerators. Sustainability assessment of large research
infrastructures is quite complex, also in that criteria have to be tuned to the maturity of the projects
and differently developed for researchers, authorities and society.

The report is being drafted on the basis of the inputs received by the WG members, who are
involved in different sustainability initiatives and panels. We have presented some of the issues that
are being considered and discussed, from the socio-economic dimension of the accelerators-based
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RIs, to the best practices for limiting their environmental impact, to the LCA as needed in various
contexts, to mitigation and compensation measures.

The WG aims to prepare a draft for discussion and approval by the LDG by the end of 2024,
and to elaborate a version of the report to submit as input to the Update of the European Strategy of
Particle Physics, by March 2025.
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