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1 The challenge
2 Smart data transformation
3 Software engineering and data analysis
4 Algorithms and artificial intelligence
5 Computing and infrastructures: 

Renewable energy
Hardware lifetime
Information flow and middleware

6 Developing a culture for sustainable science
7 Funding and institutional support

https://arxiv.org/abs/2311.01169
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Portfolio of measures
ordered in time scales



CO2 & worldwide energy generation
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Electricity generation in Germany
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LANCIUM, Texas USA
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Aachen: VISPA – small-size computing
cluster under our control
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• Interactive analyses in the browser

• Small scale cluster with:
• 14 machines with 30 GPUs 
• 2.2 TB RAM and around 500 GB VRAM
• Software installation for Data Analysis and Deep Learning

• Users (>2000 registered):
• ~10 Academic researchers: CMS, Pierre-Auger (cosmic-ray)
• Students in experimental physics lectures (~100 users)

• Test bed for enhancing sustainability in physics research



Steps towards Sustainability (team of
3 students, supported by our experts)
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Monitoring1

User 
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• e.g. automated
scheduling

• e.g. raise
resource-
awareness • e.g. monitor power 

consumption for
informed decisions

Current efforts towards: 
users indicate urgency of
their jobs at submission

Traffic light prediction renewables

renewables

urgent



User–specific power consumption
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• Calculation of power consumption per user

• The resource usage is given by

• U is the CPU or GPU (memory) usage
• CPU and GPU power consumption of a user is summed up in the end

Method is accurate for the heterogenous user group of our cluster



Hardware
Key Performance Indicator
(KPI)

A holistic study of the WLCG energy needs for HL 
LHC, S. Campana, B. Panzer (CERN), WLCG 
workshop 9/11/2022

https://wiki.erumdatahub.de/2023_sustainability/wlcgenergynee
ds.pdf10 28.08.2024 Martin Erdmann



Conclusions
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• Moral/ethical motivation

• I strongly believe: resource awareness will boost 

scientific progress: new methods, new technologies, 

more direct paths towards obtaining physics message


