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   What is LZ

- Direct detection dark matter experiment

- Housed in Sanford Underground Research 
Facility, South Dakota, USA

- Constructed between 2018 and 2021

- Now taking data

- ~250 collaborators
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Sustainability in LZ

The working group “sustainable-LZ” was 
setup in late 2024 with the goals of:

1. Quantifying environmental impact of 
LZ

2. Exploring ways to reduce this
3. Determining how to have a greater 

positive impact -> outreach

3

Computing 

Storage Jobs

Operations

Running LZ Mine operations
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   Operations

- LZ is operational 24/7-365 in a steady state

- Only consider ‘steady state’ contributions
- Xe circulation and cryopumps
- Electronics (PMTs, DAQs, etc…)
- Ignores calibrations, UPS-charged, etc…

- Energy use
- Peak: 115 kW (arvix:1703.09144)

- Steady: 44 - 66 kW average power 
consumed

- Use monitor software where possible - 
though not designed for this.

https://arxiv.org/abs/1703.09144
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   Computing
US: Perlmutter

UK: Tier-2 GridPP

- Perlmutter
- Jobs can be monitored using Slurm
- CFS: ~7 kWh/TB/year
- HPSS: ~275 Wh/PB/year

- LZ use (2024)
- 168k jobs with 0.84 kWh/job
- ~9 PB 
- ~2 PB tape 

- 98% of jobs run on London-3 (EPJ Web of Conferences 295, 07015)

- Storage: 14.3 kWh/TB/year
- Jobs: 583 MWh/year

- LZ use (2024)
- ~6.1 PB 
- 0.8% of cpu time

https://www.epj-conferences.org/articles/epjconf/abs/2024/05/epjconf_chep2024_07015/epjconf_chep2024_07015.html
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   Meetings
Brown: Partial Reporting

UCLA: Full reporting

- Measured 74 tCO2e for 42 fliers
- Est. 89 tCO2e for 69 fliers

- Host collaborations meetings twice a year

- Typically alternate between US/UK

- Only started recording flights/attendance 
recently

- Measured 89 tCO2e for 50 fliers
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   Summary of emissions
Computing

- UKDC: 18 tCO2e p.a.
- USDC: 43 tCO2e p.a

Operations

- Uncertainty on this value (44-66 kW)
- 262 - 394 tCO2e

Flights

- Brown + UCLA taken as representative
- 178 tCO2e p.a. 
- Varies more than others based on time-horizon

Values

- 430 - 630 tCO2e p.a.
44 kW

66 kW
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   Summary + impact for XLZD
LZ experiment

- Emissions a small fraction of SURF’s but large part of an authors’ (~+2tCOe/yr)
- Best vector is Power, but difficult, so focus on Flights
- Change behaviour and tell the public - > inspire serious consideration

XLZD collaboration 
- XLZD if in the UK will be net-zero in operations (power)
- Will then need to reduce flights (become the biggest vector)
- Adapt now, make life easier in the future.
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Thanks for listening
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   Handling flights
Consecutive Meetings Hubs Model

- UCLA meeting was held to be consecutive with 
UCLA Dark-Matter and American Physical Soc.

- Saved: 12 tCO2e (13%) from people who would 
have travelled anyway

- Could improve impact if done with International 
meetings

- Host European, US East, US West “hubs”

- Potential: 88% reduction for same attendance

- Concern: Increased ease will increase 
attendance

- Develop techniques for a upcoming fully remote 
workshop



1111 August 2022Sam Eriksen 11

   Details
Flights 

- Calculated using: MyClimate Calculator and standard long-short haul

- Checked against UK per-km numbers and selection of online calculators

- Use non-CO2 factor of 3(1.7) for 30(100) -year time-horizon recommended 

there.

USDC Grid Intensity:
- 234g/kW CO2eq from California ISO (2024)

UKDC Grid Intensity:
- 175g/kW CO2eq from NESO (2024)

Black Hills Energy Grid Intensity:
- 685kg/MWh CO2e (98% CO2) from black hills energy sustainability report 

(2023) 

https://www.myclimate.org/en/information/about-myclimate/downloads/flight-emission-calculator/
https://www.caiso.com/
https://www.neso.energy/
https://www.blackhillsenergy.com/sites/blackhillsenergy.com/files/2023-sustainability-report.pdf
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   Mitigating Considerations
MeetingsOperations Computing

Future strongest Vector:
- Sequential meetings
- Meeting hubs
- Cannot relegate remote 

institutions to never meet their 
peers

Possibly our strongest vector
- Improve efficiency
- Introduce renewables
- Carbon offset (want to avoid)

Difficult to achieve as medium-size: 
Reach out to larger projects?

Weakest vector
- Easiest to change
- UK/US DC on large % 

renewable grids -> utilise 
smart scheduling.

- Improve Code Efficiency

Unreliable
Guardian investigation for 
tree-planting

Guardian investigation into all 
(inc.energy)

Why Avoid offsets?
Wrong number

https://www.theguardian.com/environment/2023/jan/18/revealed-forest-carbon-offsets-biggest-provider-worthless-verra-aoe
https://www.theguardian.com/environment/2023/sep/19/do-carbon-credit-reduce-emissions-greenhouse-gases

