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Importance of sustainability in WLCG 
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~200 Sites
across 42 countries

80%
of computing power 
sits outside CERN

~1.4M CPU cores
used across WLCG

A better understanding of power consumption in 
WLCG will allow to make better, data-driven decisions.

● HL-LHC Computing Needs:

○ Pessimistic scenario: x5 higher than in Run-3

○ Optimistic scenario: 40% higher than in Run-3

● Environmental impact of computing 
is strictly connected to financial savings

https://app.electricitymaps.com/

https://cds.cern.ch/record/2957472/files/LHCC-G-186.pdf 

https://app.electricitymaps.com/map/live/fifteen_minutes
https://cds.cern.ch/record/2957472/files/LHCC-G-186.pdf
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Where are we? Three pillars of WLCG strategy
WLCG Strategy 2024–2027 – three environmental recommendations guiding the community

ENV-1

Measure & Monitor

Agree on metrics and a framework to 
collect energy-efficiency data.

Where we are:

•  Ensure Project enabling 
power-consumption data collection

•  WLCG starting to collect PUE per site

ENV-2

Efficient hardware

Facilitate more energy-efficient 
hardware as experiment software 
matures.

Where we are:

•  GPU-capable generators, simulation & 
reconstruction

•  Task Force discussing how to pledge GPU 
resources

ENV-3

Sustainability plan

Cut carbon footprint across software, 
computing models, facilities & hardware 
lifecycle.

Where we are:

•  Longer-term – defining scope for a global 
collaboration

•  Early work: heat re-use, ARM/GPU tech, 
optimal HW lifetime

Guided by the four ‘M’s – Measure, Model, Monitor, Moderate.  
What can we measure and how? Model the system to understand optimizations. 

Develop monitoring of performance. Moderate usage where possible.
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Outline
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Derived estimation
for power/core

Extend grid studies by:
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Power Measurements
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HEP Benchmark Suite

Timeseries data

• The Suite is an orchestrator of multiple benchmarks. 
The suite incorporates metrics such as machine load, 
memory usage, memory swap, and notably, power 
consumption*

• Suite Plugins:
• Run alongside benchmarks

• Flexible modification and 
addition of collected metrics

• Only requirement: The command needs 
to be executed by the suite user
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Configuration

hep-benchmark-suite

https://gitlab.cern.ch/hep-benchmarks/hep-benchmark-suite
https://gitlab.cern.ch/hep-benchmarks/hep-benchmark-suite
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● Previous examples mainly covered isolated, controlled conditions: 
the pledge use case 
○ Server executes exclusively the benchmark application
○ Ensure predictable behaviour and consistent measurement 

conditions

● Real-world conditions: the batch job use case 
○ Thanks to the free license, the benchmark can be executed over the Grid
○ Running with limited cores via Grid job submission, while the rest of the 

server runs diverse, unpredictable production applications
○ Allows sampling of virtually all grid nodes under 

practical workload scenarios

Measuring Performance Under Diverse Conditions
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Source: https://link.springer.com/article/10.1007/s41781-021-00074-y/figures/6

Other workflows

ACTIVEMQ
ATLAS

Other Workload Management Systems
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LHCb

CMS

Leverage existing
submission infrastructure

https://link.springer.com/article/10.1007/s41781-021-00074-y/figures/6
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https://gitlab.cern.ch/hep-benchmarks/
hep-power-collector

Leverage existing
submission infrastructure

https://gitlab.cern.ch/hep-benchmarks/hep-power-collector#
https://gitlab.cern.ch/hep-benchmarks/hep-power-collector#
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Power shows a saturating trend with load ~ 1 (x86 - HT enabled) in load range (0-2)
We need to differentiate noise and outliers from deliberate server configurations

AMD EPYC 7513 32-Core Neoverse-N1

Collected measurements from Grid nodes
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Looking ahead: Dynamic Power Prediction

• We intend to provide the community 
with a dynamic power prediction tool

• Proof of concept, to be fully developed
• The goal is to collect as much reliable fitted 

models as possible to cover WLCG needs
• Given a CPU model and load, the tool can 

predicts idle, current and full-load power 
without direct measurements
• An accurate validation on a test 

dataset is needed 
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TDP and Power Analysis

* TDP - Thermal Design Power
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Strategy
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X
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CPU TDP vs server IPMI

● TDP stands for Thermal Design 
Power, in watts, and refers to the 
power consumption under the 
maximum theoretical load. 

● TDP applies only to the chip itself 
(CPU or GPU), not the whole 
system. 

● Measured power at fully loaded 
machines vs TDP shows linear 
relation that could be used if 
power measurements are not 
possible
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CPU TDP dataset
- Collected 212 CPU model specs from official data sources
- Tables with CPU and GPU info, visualizations, API; very useful for analysis
- PoC, plan to be extended in the future
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https://computespecsdb.com/ 

https://computespecsdb.com/
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Empirical bottom-up approach to estimate power/core per site and WLCG Average:
This is a subset of WLCG Sites, using available data from ATLAS → will be extended to entire WLCG

Estimated Weighted Average Power/Core scaled by PUE (1.45) is 7.2W/core

What is the estimated power per core of some WLCG sites?



Sustainable HEP 2026N.Szczepanek (CERN) 18

Goal: 
Develop a 
"Site Energy 
Calculator"

1.4
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Conclusions
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*
*https://www.epj-conferences.org/articles/epjconf
/pdf/2024/05/epjconf_chep2024_04001.pdf

https://www.epj-conferences.org/articles/epjconf/pdf/2024/05/epjconf_chep2024_04001.pdf
https://www.epj-conferences.org/articles/epjconf/pdf/2024/05/epjconf_chep2024_04001.pdf

