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Struggling with discrepancy

Urgency of climate crisis Mainly ‘business as usual’ in academia
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Figure SPM.1: (a) Climate change has already caused widespread impacts and related losses and damages on human systems and altered terrestrial, 
freshwater and ocean ecosystems worldwide. Physical water availability includes balance of water available from various sources including ground water, water 
quality and demand for water. Global mental health and displacement assessments reflect only assessed regions. Confidence levels reflect the assessment of 
attribution of the observed impact to climate change. (b) Observed impacts are connected to physical climate changes including many that have been attributed 
to human influence such as the selected climatic impact-drivers shown. Confidence and likelihood levels reflect the assessment of attribution of the observed 
climatic impact-driver to human influence. (c) Observed (1900–2020) and projected (2021–2100) changes in global surface temperature (relative to 1850-1900), 
which are linked to changes in climate conditions and impacts, illustrate how the climate has already changed and will change along the lifespan of three 
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In the following: Personal selection from attempts to educate myself

—> There are probably many here that can complement/expand this!

Don’t have all the answers/solutions

—> Start a common thought process 
—> Discuss and learn from each other  
—> Please share your ideas and experiences!
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IPCC, 2023: Summary for Policymakers. In: Climate Change 2023: Synthesis Report. Contribution of Working Groups 
I, II and III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, H. 
Lee and J. Romero (eds.)]. IPCC, Geneva, Switzerland, pp. 1-34, doi: 10.59327/IPCC/AR6-9789291691647.001 
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“A.1 Human activities, principally through emissions of greenhouse gases, have 
unequivocally caused global warming, with global surface temperature reaching 1.1°C 
above 1850–1900 in 2011–2020. […]” 
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“B.5 Limiting human-caused global warming requires net zero CO2 emissions. Cumulative 
carbon emissions until the time of reaching net zero CO2 emissions and the level of 
greenhouse gas emission reductions this decade largely determine whether warming can 
be limited to 1.5°C or 2°C (high confidence). […]” 
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“B.6 All global modelled pathways that limit warming to 1.5°C (>50%) with no or limited 
overshoot […] involve rapid and deep and, in most cases, immediate greenhouse gas 
emission reductions in all sectors this decade. […]” 

“B.5 Limiting human-caused global warming requires net zero CO2 emissions. Cumulative 
carbon emissions until the time of reaching net zero CO2 emissions and the level of 
greenhouse gas emission reductions this decade largely determine whether warming can 
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Anything we do has a potential climate impact, science/research no exception

—> Should be aware of the impacts of our research activities, minimise them

Every ton of CO2e counts
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Why should we care?

5

Anything we do has a potential climate impact, science/research no exception

—> Should be aware of the impacts of our research activities, minimise them

— On "moral" grounds: lead by example, raise awareness

— Self-interest: Our activities probably will be scrutinised wrt these aspects in the future, 
better to be prepared (now, we can do things on our own terms/be proactive)

— Inevitability: There is no way around net-zero

— Justice with regard to next generations:  
Actions we don’t take they will have to make up for with even larger efforts

Every ton of CO2e counts
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Awareness is growing
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- 2020 Update of the European Strategy for Particle Physics (EPPSU) 
https://cds.cern.ch/record/2720129 

- Recent Snowmass white paper:                                                    
https://arxiv.org/pdf/2203.12389.pdf 

- The CERN environment report: https://e-publishing.cern.ch/
index.php/CERN_Environment_Report/issue/view/156  

- Case study for an astrophysics project:                                                  
http://export.arxiv.org/pdf/2101.02049v1  

- Related “manual”:                                                                
https://www.nature.com/articles/s42254-021-00325-2  

- Insititutes’/Experiments’  Sustainability Fora (e.g. DESY, ATLAS) 
- Preparations for a submission to the 2025 EPPSU 
- ALLEA report                                                                                     

(https://allea.org/wg-climate-sustainability-in-the-academic-system/) 
- Klimatramverket (https://www.kth.se/en/om/miljo-hallbar-utveckling/

klimatramverk/klimatramverket-1.903489)/Klimatnätverk (https://
www.slu.se/centrumbildningar-och-projekt/klimatnatverket/) 

- …

  
     
 

 

  

  

   
 

     
 

  

 

 
 

 

 
 
 

  

CLIMATE 
FRAMEWORK 
FOR HIGHER EDUCATION INSTITUTIONS 

A Climate framework for higher education institutions, 
with the aim of engaging universities and university 
colleges in Sweden to contribute to both national 
and international commitments to reach the so-called 
1.5°C target. 

Higher education institutions (HEIs) have a central role in efforts to combat climate 
change. We have an important task to contribute through our teaching and research, 
but we also need to contribute by reducing the impact of our own operations. 

The HEIs that have signed this framework consider the climate to be a crucial 
and prioritised issue. We undertake to do the following: 

• We will through education, research and external engagement help society as a
whole to achieve set targets.

• We will work to reduce our own climate impact in line with society’s commitment
as expressed in national and international agreements.

• We will, based on our HEI-specific conditions, set up far-reaching targets for
climate-related work and also allocate resources so that we can achieve these
targets and conduct follow ups.

• We will clearly communicate our climate-related work in order to inspire and
spread knowledge to other organisations and members of society.

The Climate Framework includes this document and a guideline document that 
among other things list a number of key areas for climate impact from higher educa-
tion institutions. Each institution will choose the areas they will focus on depending 
on their local circumstances. Each institution should however be prepared to work 
with the following areas: education, research, collaboration, business travels and 
energy use since they are considered central for all higher education institutions. 

Signatures of the vice-chancellors of HEIs affiliated to the Climate Framework: 

In the field, in Sweden, internationally…

CO2-DPHYS-201020

https://cds.cern.ch/record/2720129
https://arxiv.org/pdf/2203.12389.pdf
https://e-publishing.cern.ch/index.php/CERN_Environment_Report/issue/view/156
https://e-publishing.cern.ch/index.php/CERN_Environment_Report/issue/view/156
https://e-publishing.cern.ch/index.php/CERN_Environment_Report/issue/view/156
http://www.apple.com/uk
http://export.arxiv.org/pdf/2101.02049v1
https://www.nature.com/articles/s42254-021-00325-2
https://allea.org/wg-climate-sustainability-in-the-academic-system/
https://www.kth.se/en/om/miljo-hallbar-utveckling/klimatramverk/klimatramverket-1.903489
https://www.kth.se/en/om/miljo-hallbar-utveckling/klimatramverk/klimatramverket-1.903489
https://www.kth.se/en/om/miljo-hallbar-utveckling/klimatramverk/klimatramverket-1.903489
https://www.slu.se/centrumbildningar-och-projekt/klimatnatverket/
https://www.slu.se/centrumbildningar-och-projekt/klimatnatverket/
https://www.slu.se/centrumbildningar-och-projekt/klimatnatverket/
https://ethz.ch/content/dam/ethz/special-interest/phys/department/department/CO2-DPHYS-201020v3.pdf
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Aspects they look at:  
- Facility construction  

- e.g. FCC tunnel ~500 ktons CO2e, vs ~200 ktons for 1 WTC 
- Detector gases 

-  Main contribution at CERN, even while LHC running (nuclear power) 
- Computing  

- Energy consumption, user code efficiency, hardware… 
- Scientists research activities  

- Mainly commute/travel

Snowmass: US Community Study on Future of Particle Physics, last round in 2021
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- Computing  

- Energy consumption, user code efficiency, hardware… 
- Scientists research activities  

- Mainly commute/travel

Snowmass: US Community Study on Future of Particle Physics, last round in 2021

Recommendations/Suggestions 
- Projects report on expected emissions, becomes part of evaluation 
- Standardised reporting 
- All stakeholders set reduction goals and define pathways to reach them 
- Digital meeting spaces 
- …
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Snowmass: US Community Study on Future of Particle Physics, last round in 2021

Recommendations/Suggestions 
- Projects report on expected emissions, becomes part of evaluation 
- Standardised reporting 
- All stakeholders set reduction goals and define pathways to reach them 
- Digital meeting spaces 
- …

If you are interested in contributing 

to an analogous effort for the 

European strategy update, join 

ESUPP-sustainability-2024-26
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Giant (Radio antenna) Array for Neutrino Detection 
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Figure 11: Projected distribution of GHG emissions for all sources for GRANDProto300, GRAND10k and the full GRAND array. The title indicates
the total amount of emissions per year due to each source at each experimental stage.

8.1.2. Collaboration meetings and other travels
Setting an action plan for the other travel purposes

(collaboration meetings, conferences, visits...) is chal-
lenging. In the process of building a collaboration, per-
sonal interactions and conversations at co↵ee breaks and
shared lunches and dinners are viewed as crucial seeds
for progress. For students and postdoctoral scholars,
networking is often perceived as a sine qua non for a
successful career. Reference [36] shows however that
the amount of air traveling does not necessarily translate
into academic performances.

In order to reduce the emissions related to conferences
where GRAND results are presented, the collaboration
could prioritize sending members geographically close to
the location of the conferences. One could also consider
limiting the total number of conferences to be attended
per year to present GRAND results.

As for reducing the carbon impact of collaboration
meetings, several ideas could be implemented:

1. Choosing a location which is less carbon emitting
by running an algorithm knowing the geographical
location of each member [37].

2. Holding a virtual meeting one year out of two, using
virtual tools such as Mozilla Hub [38] for co↵ee
breaks.

3. Instead of a completely virtual meeting, hold a
hybrid multi-hub meeting, setting up continental
hubs (e.g., Europe, China, US, Brazil) where mem-
bers gather, and communicate virtually between the
hubs.

The last two actions should help to cut the emissions due
to collaboration meetings by a factor 1.5 � 2.

Moreover, on a di↵erent note, collaboration meet-
ings could be made low-waste (in particular in terms

of glasses, cutlery, plates) and could o↵er only vegetar-
ian bu↵ets.

8.2. Digital
8.2.1. Data transfer and storage

Digital is one of the major sources of emissions in the
project, with data transfer and storage being the most
emitting ones. With the proposed scheme of data storage
and transfer (Section 7.2.3), the collaboration is planning
to drastically reduce the volume of data to be archived.

Data transfer worldwide to the final cloud storage data
centers could be reduced by hard-copying them on hard-
drives and by mailing/shipping them to the centers. It is
interesting to notice that flying the data by plane 4 times
a year would be many orders of magnitude less carbon
emitting than transferring the data online.

In the future, it is likely that the emission factor for
the electricity intensity of data transmission decreases,
because electricity will be less generated by fossil fuel
power plants. The cloud storage systems may become
more e�cient and less consuming.

The collaboration will also work on the best solutions
for data reduction, in order to store the maximum of
relevant information at di↵erent levels, while reducing
the volume of data to be archived.

One idea to reduce the emissions related to data stor-
age is to store in data centers of countries where the emis-
sion factor of energy is low. For example, in France, the
emissions related to the storage of all GRANDProto300
data would be 16.8 tCO2e, to be compared with the value
of 153.6 tCO2e presented in section 5.5, which uses the
global energy emission factor estimated in 5.4.

8.2.2. Numerical simulations
Numerical simulations represent a large share of the

emissions in the GRANDProto300 phase. In the next

16

Fun fact: For them, transporting hard-drives by plane 4 times/year would be 
orders of magnitudes less carbon emitting than transfering their data online

<manufacturing 1000 cars

Astroparticle Physics, 2021, 102587
(see Appendix B). The emission factor is calculated
as the weighted average of the emission factors of these
countries, based on the proportion of data centers hosted.
Note that this calculation does not account for the size
of the data centers, which can vary from one country to
another. The emission factor obtained yields an emission
of 0,518 kgCO2e/kWh.

Finally, we calculate that the total electricity con-
sumption needed for the raw data transmission for
GRANDProto300 emits 470 tCO2e. This amount
assumes that the data collected is only transferred once.
If we assume that 10 institutes will transfer the data from
the central data center in Beijing, emissions amount to
4700 tCO2e.

Interestingly, for the primary scientific scope of the
experiment, i.e., radio-detection of astroparticles, the rel-
evant data could be e�ciently reduced on-site down to
100 GB per day, leading to 150 TB of data transmitted
during the whole experiment. The transmission of this
limited volume of data would imply 2 orders of mag-
nitude less emissions, leading to a total of 4.7 tCO2e
emitted via data transfer at the GRANDProto300 stage.
The choice of keeping only this limited data reduces how-
ever the science case of the GRAND experiment. For
the prototyping stage, it also appears cautious to keep all
the available data. In Section 7.2.3, we give strategies to
reduce the overall data amount for the later phases of the
experiment.

5.5. Data storage

The data collected will be stored in cloud servers.
Cloud servers allow all the collaborators to easily have
access to the data and to process them with virtual ma-
chines. The collaboration envisions that the data be
stored at 3 di↵erent locations to provide back-up. The
peak consumption of cloud storage is around 11.3W/TB
of data [27]. For one TB of data for a year, this leads to
99 kWh of electricity consumption. Assuming the same
emission factor of 0.518 kgCO2e/kWh as above, it leads
to an estimate of 51.2 kgCO2e for one TB of data stored
for a year. Each year, GRANDProto300 stores 3,000
TB of data, which leads to around 153.6 tCO2e/yr for
GRANDProto300.

6. Hardware equipment

In the GRAND project, the hardware equipment will
be dominated by the radio detection units. The units will
be deployed in large numbers (200 000), hence their en-
vironmental impact cannot be neglected. A complete life

Figure 9: GRANDProto300 prototype antenna.

cycle assessment of the hardware equipment is out of the
scope of this work, and will be evaluated in a subsequent
study. Still a rough assessment of the carbon footprint of
the detection units can already initiate discussions about
the impact of the hardware on the carbon footprint of the
collaboration.

Each detection unit consists in a radio antenna with
a mechanical support setup (made primarily of 75 kg of
stainless steel), data acquisition electronics (the material
of the Print Circuit Board is MEGTRON [28]), several
cables of 6-meter length in total, a solar panel (poly-
cristalline module) and a battery (see Fig. 9).

Here we focus on three major parts of the detection
units: the antenna with its mechanical setup, the solar
panel and the battery. We also focus on the hardware
already designed for the prototyping phase GRAND-
Proto300. The projections for the further stages of the
experiment are presented in Section 7.2.4.

Note that for each of these items, recycling has not
been taken into account in the GHG emissions. A re-
cycling plan has not been elaborated yet within the
GRAND collaboration, although it will clearly be an
important line of action (see Section 7.2.4).

6.1. Antennas

In order to evaluate the carbon footprint of the anten-
nas, we focused on the 75 kg of stainless steel composing
the arms, the frame, and the pole. The emission factor
of stainless steel varies from ⇠ 2.2 kgCO2e/kg [13] to
6.8 kgCO2e/kg [29] in the literature, depending on the
assumptions on the production methods and the country.
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200k radio antennae over 200k km2 
(spread over different sites worldwide)

https://arxiv.org/abs/2101.02049
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(See yesterday’s talks in the DM session)

Areas to look at (eventually):

- Detector materials

- Operations (energy consumption)

- Computing/Data handling 

- Travel

- Shipping/Construction

- Disposal

Example 3: LDMX@SLAC - A First Look

- ‘Share’ of emissions from accelerator?
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Disclaimer: I am still learning how to do this!

Amount Emission 
Factor

Total 
Emissions Comments

Steel (HCal) ~80t 0.4 - 2.3 [1] 32 - 184 t Depends on supplier, 
recycling fraction

Aluminum 
(HCal) ~3t

14.3 (World 
Average) 
6.5 (North 

America) [2]

43 t 

19.5t
Depends on supplier, 

recycling fraction

Extruded 
Polystyrene 

(HCal)
~8t 6.9 [3] 55 t

Emission factor not 
exactly for the extrusion 
process LDMX will use

Silicon (ECal) ~6kg 11.3 (world 
average) [2]

68 kg

Energy 
consumption

2 GWh/
year

220kg/MWh 
[4] 440t/year

Dominated by magnet, 
based on numbers for CA 

2020

LunDMX 
group's flights 

to SLAC
10

~5t/
roundtrip 

[5]
50t/year

Overall, LDMX ~ GRAND10k

Incentive to reduce time needed to 
collect sufficient data  
—> Efficient multi-electron operation!  
(see LDMX talk on LU contributions)

Example 3: LDMX@SLAC - A First Look

Taking such considerations into account 
early in the design process could help 
reducing emissions for new projects
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(Not only LDMX specific)

- Choice of material supplier where possible

- Minimise long-distance travel

- Re-use existing solutions/components

(Energy mix, recycling fraction, transport)

—> Minimise new R&D, material emissions

(Investigate different operational scenarios)

- Minimise runtime by optimising multi-electron efficiencies

- Distributed Computing (send code, not data), 
optimise computing

Prospects for emission reductions

—> Already done in several places in LDMX 
(magnet, some electronics, detector designs…)
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- Minimise long-distance travel

- Re-use existing solutions/components

(Energy mix, recycling fraction, transport)

—> Minimise new R&D, material emissions

(Investigate different operational scenarios) Energy mix will become more 
fossil-free until LDMX operations

- Minimise runtime by optimising multi-electron efficiencies

- Distributed Computing (send code, not data), 
optimise computing

Prospects for emission reductions

—> Already done in several places in LDMX 
(magnet, some electronics, detector designs…)
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(Not only LDMX specific)

- Choice of material supplier where possible

- Minimise long-distance travel

- Re-use existing solutions/components

(Energy mix, recycling fraction, transport)

—> Minimise new R&D, material emissions

(Investigate different operational scenarios) Energy mix will become more 
fossil-free until LDMX operations

- Minimise runtime by optimising multi-electron efficiencies

- Distributed Computing (send code, not data), 
optimise computing

Prospects for emission reductions

—> Already done in several places in LDMX 
(magnet, some electronics, detector designs…)

Beware Jevons paradox (Efficiency savings eaten up by using more)
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Ideas (not just mine!) for HEP (and others)

12

• Make carbon footprint + reusability a design parameter

• Check physics 
• Less systematics? More skimming? Less data reprocessing/rerunning for small improvements?…

• Estimate and publish emissions of publications

• Introduce emission budgets

• More efficient accelerators/detectors/code/computing 
• e.g. emissions monitor for jobs, stricter usage rules, prefer green grid sites…

• Reduce emissions from travel  
• Less travel, hybrid/remote meetings, sustainable transportation

• …

• Include these discussions in your courses
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Ideas (not just mine!) for HEP (and others)

12

• Make carbon footprint + reusability a design parameter

• Check physics 
• Less systematics? More skimming? Less data reprocessing/rerunning for small improvements?…

• Estimate and publish emissions of publications

• Introduce emission budgets

• More efficient accelerators/detectors/code/computing 
• e.g. emissions monitor for jobs, stricter usage rules, prefer green grid sites…

• Reduce emissions from travel  
• Less travel, hybrid/remote meetings, sustainable transportation

In general: Make sustainability/climate impact part of everyday work life

• …

• Include these discussions in your courses
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What I think would be great

13

- Start talking about what we can do in particle physics/Sweden

• Are there low-hanging fruits?

- Exchange experience from different institutes/experiments/groups

• Where does it make sense to invest efforts?

- Have some kind of forum where sustainability can be discussed, resources/information collected

• Are there severe conflicts of interest?

“Green fika” during partikeldagarna?

- Can we reduce our footprint by coordinating more, e.g. representation at meetings/conferences?

E-mail list?

- Lobbying? Opinion pieces?



Thank you for listening!

#showyourstripes

https://showyourstripes.info/s
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Sources of Emission Factors

15

This is the difficult part!

[1] https://howbadarebananas.com/  

[2] Saevarsdottir, G., Magnusson, T. & Kvande, H. Reducing the Carbon Footprint: Primary 
Production of Aluminum and Silicon with Changing Energy Systems. J. Sustain. Metall. 7, 
848–857 (2021) 

[3] https://adapamoulds.com/sustainability/ 

[4] https://www.eia.gov/electricity/state/california/ 

[5] https://www.atmosfair.de/en/

https://howbadarebananas.com/
https://link.springer.com/article/10.1007/s40831-021-00429-0
https://link.springer.com/article/10.1007/s40831-021-00429-0
https://link.springer.com/article/10.1007/s40831-021-00429-0
https://link.springer.com/article/10.1007/s40831-021-00429-0
https://adapamoulds.com/sustainability/
https://www.eia.gov/electricity/state/california/
https://www.atmosfair.de/en/
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How much left?

16

IPCC 2021:  
Remaining budget until 2050 (for 83% chance of staying below 1.5ºC warming): 300 Gt CO2

IPCC 2023: Remaining budget (from 2020) for  
50% chance of staying below 1.5ºC warming: 500 Gt CO2 
83% chance of staying below 2ºC warming: 900 Gt CO2

4000 km in a car

2.5 minutes of LHC operation

1 one-way flight Paris-NYC (per passenger)

~140 meat-based meals

More examples:
What is 1t of CO2?
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Emission Counting

17

Usually split into scope 1, 2, 3

Typical sources (unordered)

Equipment (production and shipping)

Infrastructure and buildings

Operation of labs and experiments

Travel and conferences

Computing and IT

Scope 1: Direct emissions from owned or controlled sources (e.g. a fleet of vehicles)

Scope 2: Indirect emissions from generation of purchased energy (e.g. electricity, heating)

Scope 3: Indirect emissions not in scope 2 (e.g. work travel, commuting, supply chains)
Hardest to estimate, but often dominating



Partikeldagarna 22 Oct 2024

GRAND

18

Giant (Radio antenna) Array for Neutrino Detection 

Figure 1: Roadmap of the GRAND project. The di↵erent stages of the project are presented, with information on the envisionned set-up, growth of
the collaboration, and major greenhouse gas emission sources with their contribution in tCO2e/yr and their corresponding percentage, as estimated in
this work.

mental impact of the project have arisen, and this is the
object of this article. This paper focuses on the method-
ology used to assess the greenhouse gas (GHG) emis-
sions linked to the GRAND project, and discusses the
results and possible lines of actions, taking into account
technological and scientific possibilities, and budgetary
scenarios.

This study is a pioneering attempt to assess the car-
bon footprint of a large-scale physics experiment. To
our knowledge, no other global GHG assessment of a
Physics experiment has been published so far, and the
estimates given in this paper can serve as a basis for com-
parison and reflection. The specificity of this methodol-
ogy is that it is fully transparent and uses open source
data. Hence, the method is replicable to any other sci-
entific consortium. The estimates given in this work are
subject to large uncertainties related to emission factors
and assumptions on future developments. The scope of
this study is not to calculate precise carbon emissions,
but to give estimates of the relative weight of each emit-
ting category, in order to orient the action plans of the
collaboration.

Greenhouse gas assessments may cover numerous
sources of emissions [7]. In this study, three sources of
emissions are examined: travel, digital technologies, and
the hardware equipment. Those three categories were
chosen because of their obvious importance in terms of
emissions, but also because of the lever for action the
collaboration has on them. Travel cannot be neglected,
as one obvious source of emissions of the collaboration.
The digital contribution is often underestimated, but is

at the heart of the day-to-day scientific work performed
by the bulk of the collaboration. The hardware equip-
ment will be dominated by the numerous radio detection
units, each composed of a radio antenna, its mechanical,
electronics and power devices. The evaluation of their
carbon footprint will be crucial to this study, as the an-
tennas will be deployed in great numbers and over large
areas.

Note that these main factors (travel, digital, hardware)
are not inherent to this project, but common to many
astrophysics and particle physics projects.

According to the Intergovernmental Panel on Climate
Change, in order to limit warming to 1.5°C, global
net anthropogenic CO2 emissions have to decline by
about 45% from 2010 levels by 2030, reaching net zero
emissions by 2050 [8]. Interestingly, these timescales
correspond to the GRAND roadmap, as the full-size
experiment is expected to be deployed by the 2030s. By
that time, it is possible that unforeseen technological
progress will have happened in various domains that
could be implemented in the experiment, such as travel,
solar panels, the carbon footprint of electronic devices
and data centers. Also by the 2030s, it is highly likely
that taking into account the carbon emissions will
be mandatory in all scientific projects. Today, the
GRAND project is starting its prototyping phase, hence
it is an ideal time to adapt the experiment to climate
requirements. For all these reasons, this study appears
timely and necessary.

We first present the GRAND projet and the collab-

2

(see Appendix B). The emission factor is calculated
as the weighted average of the emission factors of these
countries, based on the proportion of data centers hosted.
Note that this calculation does not account for the size
of the data centers, which can vary from one country to
another. The emission factor obtained yields an emission
of 0,518 kgCO2e/kWh.

Finally, we calculate that the total electricity con-
sumption needed for the raw data transmission for
GRANDProto300 emits 470 tCO2e. This amount
assumes that the data collected is only transferred once.
If we assume that 10 institutes will transfer the data from
the central data center in Beijing, emissions amount to
4700 tCO2e.

Interestingly, for the primary scientific scope of the
experiment, i.e., radio-detection of astroparticles, the rel-
evant data could be e�ciently reduced on-site down to
100 GB per day, leading to 150 TB of data transmitted
during the whole experiment. The transmission of this
limited volume of data would imply 2 orders of mag-
nitude less emissions, leading to a total of 4.7 tCO2e
emitted via data transfer at the GRANDProto300 stage.
The choice of keeping only this limited data reduces how-
ever the science case of the GRAND experiment. For
the prototyping stage, it also appears cautious to keep all
the available data. In Section 7.2.3, we give strategies to
reduce the overall data amount for the later phases of the
experiment.

5.5. Data storage

The data collected will be stored in cloud servers.
Cloud servers allow all the collaborators to easily have
access to the data and to process them with virtual ma-
chines. The collaboration envisions that the data be
stored at 3 di↵erent locations to provide back-up. The
peak consumption of cloud storage is around 11.3W/TB
of data [27]. For one TB of data for a year, this leads to
99 kWh of electricity consumption. Assuming the same
emission factor of 0.518 kgCO2e/kWh as above, it leads
to an estimate of 51.2 kgCO2e for one TB of data stored
for a year. Each year, GRANDProto300 stores 3,000
TB of data, which leads to around 153.6 tCO2e/yr for
GRANDProto300.

6. Hardware equipment

In the GRAND project, the hardware equipment will
be dominated by the radio detection units. The units will
be deployed in large numbers (200 000), hence their en-
vironmental impact cannot be neglected. A complete life

Figure 9: GRANDProto300 prototype antenna.

cycle assessment of the hardware equipment is out of the
scope of this work, and will be evaluated in a subsequent
study. Still a rough assessment of the carbon footprint of
the detection units can already initiate discussions about
the impact of the hardware on the carbon footprint of the
collaboration.

Each detection unit consists in a radio antenna with
a mechanical support setup (made primarily of 75 kg of
stainless steel), data acquisition electronics (the material
of the Print Circuit Board is MEGTRON [28]), several
cables of 6-meter length in total, a solar panel (poly-
cristalline module) and a battery (see Fig. 9).

Here we focus on three major parts of the detection
units: the antenna with its mechanical setup, the solar
panel and the battery. We also focus on the hardware
already designed for the prototyping phase GRAND-
Proto300. The projections for the further stages of the
experiment are presented in Section 7.2.4.

Note that for each of these items, recycling has not
been taken into account in the GHG emissions. A re-
cycling plan has not been elaborated yet within the
GRAND collaboration, although it will clearly be an
important line of action (see Section 7.2.4).

6.1. Antennas

In order to evaluate the carbon footprint of the anten-
nas, we focused on the 75 kg of stainless steel composing
the arms, the frame, and the pole. The emission factor
of stainless steel varies from ⇠ 2.2 kgCO2e/kg [13] to
6.8 kgCO2e/kg [29] in the literature, depending on the
assumptions on the production methods and the country.
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200k radio antennae over 200k km2 (spread over different sites worldwide)


