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Reflection document
arXiv:2306.02837 (coming soon to JINST).

Sustainable HECAP+ Initiative: Grassroots initiative 
of a small group of concerned physicists from 
across High Energy Physics, Cosmology, 
Astroparticle Physics, and Hadron and Nuclear 
Physics.

Scope: research-related and collateral emissions.
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https://arxiv.org/pdf/2306.02837


The document (arXiv:2306.02837)

Summary discussions, best practices, case studies and recommendations for
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Demand-side mitigation “can reduce global GHG emissions in end-use sectors 
(food, land transport, buildings) by 40–70% by 2050 compared to baseline 
scenarios”, and can reduce electricity demand by 70%.

Requires approx 50% reduction 
in net CO2 emissions by 2030.

[IPCC 2023]



5[Adapted from Ritchie 2020] [CERN Environmental Report 2021]

Cern emissions divided equally among 17,000 users to obtain per researcher emissions
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Scope 3 emissions incomplete for all but CERN.
  
CERN’s direct and indirect emissions approximately double when LHC is running [CERN 
Environment Report 2021].

Quantitative emissions reports for institutions outside Europe hard to find.

[Institutional environmental reports, see article for references].
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Energy

8Adapted from [Ritchie 2020]



Energy

Need to reduce primary energy consumption by 50% in 6 
years:

- 12x increase in CO2-neutral production.  
          >100k new 1GW power plants, O(30) per week. 

- Energy savings.

Some combination of these likely.
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Energy

“Some [stretched countries] may elect to import their renewable energy through cables or pipes or 
ships”   [Carbon Tracker Initiative 2021]

CAUTION: broader aspects of sustainability (e.g. resource allocation + depletion, social impacts); 
grid stability; …

Explore feasibility of import by cable for existing big science infrastructure  [case study: CERN-LINK] 

To consider: build new infrastructure in countries with abundant resources [case study: SESAME], ESS 
in Lund. 
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Big scienceRenewable 
potential

Super-abundant Abundant Replete Stretched

Country Namibia, Botswana, 
Ethiopia

Chile, Australia, 
Morocco

China, India, USA  Italy, Poland, 
Japan, Switzerland, 
Netherlands, 
Germany



Research infrastructure and 
technology
Comprehensive Life Cycle Assessment (LCA) should be integral 
to all projects at the design phase.

However, limited availability of relevant data.

Highlights:

- seeking out best practices and innovation
- working with industry partners

11



(partial) LCA for 
monocrystalline silicon 
wafer
Used as tracking sensors in particle detectors, 
and as starting point for semiconductor chips.

Industry since moved to countries with carbon 
intensive grids, with less regulated halide 
emissions.

Bespoke production process, proprietary, 
fast-moving technology.  LCA information not 
provided in public databases.
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Outputs from production of 1 m2 monocrystalline silicon wafer. 

Germany, 2005 [ProBas database]

https://www.probas.umweltbundesamt.de/
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Computing
A significant part of our research infrastructure, contributes to 
resource use, energy consumption and e-waste.  

Impact increasing due to growth in capacity of hardware and  
software tools, and size of datasets.

Highlights: 

- Right-sizing hardware needs & reassessing life cycles
- Improving data-processing efficiency
- Green scheduling
- Heat recovery
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Energy
Energy use cuts across all our research activities.

Highlights:

- Monitoring, reporting and assessing
- Accreditation, e.g. ISO, LEAF
- Prioritising energy efficiency and recovery
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Food
Demand-side measures can almost halve 
food-related emissions to 2050. [IPCC 2023]

A sensitive topic, but e.g. “substituting all beef 
meals at R1 [CERN] with farmed fish or chicken 
would result in reduction of its annual carbon 
footprint by 528 tCO2e (....) approximately 260 
return flights from London to New York.”

Highlights:

- consider environmental impact of  food 
choices in conference and cafeteria catering

- minimise food waste
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Mobility
Another sensitive topic, and an example of how tensions 
can arise between environmental sustainability, and e.g. 
productivity, EDIA, ….

Highlights: 

- reprioritising business travel
- using remote technologies
- prioritising low-carbon travel for unavoidable travel
- overhauling career requirements for hypermobility
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REPAIR

Resources and waste
Experimental infrastructure is resource-intensive: with emissions 
due to raw material extraction, processing and disposal.  

Procurement emissions are challenging to address, since they 
relate to emissions in the supply chain, both up- and 
downstream.

Highlights:

- demand-side reduction
- Sharing, repairing, reusing and refurbishing
- Prioritising suppliers with sustainable sourcing and 

operating policies
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Outlook

- Partial LCA for ILC, CLIC design by Arup [Evans+ 2023]; extended to include components, 
and LCA for FCC has been commissioned [V. Boisvert ECFA talk].

- Horizon Europe-funded project iSAS [talk by J. Hondt tomorrow]

- Sustainability-focused working group commissioned by LDG, to provide input for European 
Strategy Update. [talk by M. Titov and C. Bloise tomorrow]

- Parallel and plenary sessions on sustainability at e.g. ICHEP.

- Sustainability-focused physics jobs advertised and filled.

- New developments in sustainability tools e.g. CERN module for Labos1point5, Green 
Computing tool.

- Sharing of resource-intensive simulations in Lattice and Cosmology - ongoing efforts in HEP.
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Progress has been rapid:



Opportunities
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- Consensus on weight given to sustainability in project (design) assessment.

- Big science ≟ big energy.

- Use combined purchasing power to drive sustainability in supply chain.

First interdisciplinary workshop on Sustainability in Computing, planned for 2025.

Community submission on sustainability to European Strategy Update.

Get involved:
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