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Climate Change
๏ Human-generated 

climate change is a 
serious problem 

๏ Not limited to 
warming, but also 
other effects including 
extreme weather 

๏ Activities in HEP can 
be substantial 
contributors to climate 
change
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Sustainability in HEP
๏ Growing effort from the community to 

understand impact of our science on 
climate sustainability 

๏ Sustainable HEP workshop series 

๏ Input to EPPSU 

๏ Local workshops and efforts, e.g. in the UK 

๏ Calculations and targets from labs (e.g. 
CERN) and experiments (e.g. LZ)
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https://indico.global/event/4745/overview
https://indico.cern.ch/event/1528232/contributions/6450887/attachments/3041632/5374215/ESUPPSustainabilityInput.pdf
https://conference.ippp.dur.ac.uk/event/1322/timetable/#20241126


CERN
๏ CERN has done a 

huge amount of work 
on sustainability 

๏ Yesterday’s miracles 
can be today’s 
problems: CERN 
emissions are 
dominated by gas 
leakages
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https://conference.ippp.dur.ac.uk/event/1322/contributions/6925/


LZ
๏ An LZ sustainability 

group undertook 
estimating one 
year of LZ carbon 
impact 

๏ Focused on power, 
computing, and 
travel
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Summary
- Have more-or-less calculated the energy use of LZ in a year.

- ~900 t CO2eq/year
- Assumes 2 Brown meetings (low estimate)

- Expect the pie chart to change;
- Measured operation numbers
- Additional sources from operators
- Information from multiple collaboration meetings
- Reduced uncertainty on flying routes

What are we doing in 2025?
- Improve our monitoring
- Complete life cycle analysis - determine operations vs construction
- Develop plan to integrate climate into LZ outreach

Summary and plan for 2025

Sam Eriksen & Josh Green

910 (840) tCO2eq/year for 
30 (100) year horizon

Credit to Sam Eriksen and Josh Green



XLZD@Boulby
๏ Set two major goals 

๏ Track and measure the footprint of the UK 
project 

๏ Be carbon neutral in operations 

๏ Requirements for sustainability targets are 
increasingly coming from our funding agency 
and our government 

๏ Important relationship with Boulby & STFC/UKRI 
to achieve goals
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MODEL 
MONITOR 
MEASURE 
MITIGATE 
MEMORY



Key Performance 
Indicators



KPIs: Carbon
๏ Greenhouse gases are the drivers of global 

climate change 

๏ kgCO2eq 

๏ Scope 1: direct emissions 

๏ Scope 2: emissions from electricity 

๏ Scope 3: indirect emissions 

๏ Total energy usage in kWh
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KPIs: Waste
๏ Waste to landfill can have harmful 

environmental effects, as well as 
delayed carbon emission 

๏ Recycle and reuse helps prevent waste 
to landfill 

๏ kg waste to landfill 

๏ % waste recycled
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KPIs: Water Usage

๏ Climate change is putting pressure 
on water supply 

๏ Water abstraction in L
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https://www.she.stfc.ac.uk/Pages/Sustainability-and-Carbon-Management.aspx https://hse.cern/environment-report-2021-2022

https://www.she.stfc.ac.uk/Pages/Sustainability-and-Carbon-Management.aspx
https://hse.cern/environment-report-2021-2022


KPI Tracking
๏ Starting with a very rough, 

spreadsheet-based estimate of our 
KPIs 

๏ Intend to develop into more 
sophisticated database 

๏ Release annual reports on KPIs
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Case Study: XAQ 

14Thanks to Rob Gregorio



Power
๏ Power sources will 

have a major impact 
on KPIs 

๏ gCO2/kWh varies 
strongly by location 

๏ This doesn’t take 
into account the 
changes and 
ambitions before 
XLZD will turn on! 
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Boulby

LNGS

SURF

SNOLab

https://app.electricitymaps.com

https://app.electricitymaps.com
http://www.apple.com


Power at Boulby
๏ It’s the stated ambition of the UK to have 

UK power be 95% low-carbon by 2030 

๏ It’s difficult to add direct-connection new 
renewables to Boulby 

๏ Some solar will be added to buildings on 
site 

๏ Additional options being investigated 
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Computing Waste Heat 
๏ Net-zero is not possible 

without mitigation 

๏ Major mitigation 
opportunity through 
waste heat recovery 
from computing 

๏ A system has recently 
been installed at QMUL 
to do this
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A Toolkit for the Future
๏ In addition to doing the work, we want to 

make the work available 

๏ We are building a toolkit for the future—
other experiments & projects in the field 

๏ Policy 

๏ Documentation 

๏ If you want to use our tools, get in contact!
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Whole Collaboration
๏ There is a (highly infrequent!) slack channel: 

#sustainability 

๏ We’ve met twice with interested colleagues 

๏ There’s a space for sustainability in the new WBS 

๏ How do we use that structure? 

๏ What do we do as collaboration vs national 
projects? 

๏ How do we interact with funding agencies with 
different requirements?
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Travel Survey
๏ Let’s start small 

and see what the 
footprint of this 
meeting is 

๏ Travel survey: 
https://forms.gle/
Tyb6L9Zr5Hiarmk
F7
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   Collaboration Meetings - Travel

Sam Eriksen & Josh Green

Full Collaboration
- Most recent was at Brown University. We 

monitored how people traveled to get there 
(flights, trains, cars, etc…).

- 115 attendees, 81 responses
- 20 within driving distance * 6-virtual
- Approx. 74 flew; dominate contribution
- Between 45 and 71 t CO2eq **

* Within 400 miles
** Uncertainty driven incomplete data 
     flight time,  plane type, etc…
    work is ongoing on this

UK/Europe
- Most recent was at UCL.

- Assumption was everyone took the train 
from the UK.

- ~ 0.1 t CO2eq (number actually higher 
due to some flights)

https://forms.gle/Tyb6L9Zr5HiarmkF7
https://forms.gle/Tyb6L9Zr5HiarmkF7
https://forms.gle/Tyb6L9Zr5HiarmkF7


Conclusions
๏ Sustainability is very important for 

XLZD@Boulby—and hopefully for XLZD as a 
whole 

๏ Building in sustainability activities from the 
beginning will give us a good picture of the 
footprint of our experiment 

๏ Activities are underway in the UK project—
come join us!
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