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Sustainable Computing Centers

Energy Consumption of Computing Centers 

• Energy consumption of computing is already 
significant 

• Expected to increase to up to 20% of worldwide 
electricity demand 

• Mainly driven by commercial „AI-Factories“ 

• Share of scientific computing is hard to estimate 

• For ET we want to take sustainability and energy 
saving into account from the beginning

www.akcp.com/index.php/2023/07/16/data-center-energy-use-trends-and-efficiency-strategies/
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Sustainable Computing Centers

Improvements of Software

• More efficient software leads to less energy used 

• Probably the largest potential for improvements 

• WLCG estimates potential of O(90%) saving 

• Requires training, helpful tools and accounting 

• Accounting for runtime in CPU-h is typical 

• ATLAS calculates gCO2/job for clearer incentive 

• Ideas for accounting for jobs in gCO2 instead are 
under discussion

8/12/25 WLCG @ 20D. Britton 13 of 15

Keeping sight of the Big Picture

• ATLAS calculates gCO2/job using average (rather than 
local) carbon intensity, to avoid unhelpful consequences).

• Different system boundaries can lead to different conclusions.
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Sustainable Computing Centers

Hardware Choice & Operation

• CPU / GPU dominate power consumption in computing 

• Energy needed per calculation highly depends on used hardware 

• Newer components more efficient 

• ARM in general more efficient than x86, but modern x86 get 
competitive again 

• Efficiency changes with calculations per second 

• Often most efficient at 70-80% of maximum speed, but reduces 
throughput 

• More analysis needed and ongoing 

• GPUs often more efficient per calculation, but not directly 
comparable (yet)

- Emanuele Simili/ScotGrid
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Sustainable Computing Centers

Energy Production

• Consumed energy responsible for O(80%) of GHG in 
servers/High Performance Computing 

• GHG emissions per energy highly differ between region 
and time 

• Location is one of the most important factors! 

• In industry shift between different locations at different 
times are discussed 

• Currently projects on shift in time for computing in 
research 

• Own energy production dedicated for a computing center 
can significantly reduce emissions
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Sustainable Computing Centers

Hardware Replacement

• In ATLAS, „almost equal numbers of sites reported retiring old 
hardware in order to reduce their carbon footprint as reported 
continuing to run old hardware in order to reduce their carbon 
footprint.“ 

• The rest O(20%) GHG emissions is mostly embedded in Hardware 
and buildings 

• Dominated by SSDs, followed by memory and CPU/GPU 

• Newer hardware is more efficient, but replacement means new 
embedded emissions 

• Highly depends on energy production, whether replacement 
saves or increases emissions

8/12/25 WLCG @ 20D. Britton 12 of 15

Hardware Lifetime

Mattias Wadenstein & Wim Vanderbauwhede

• Plot shows total CO2 emission (Scope-2 
and Scope-3) in 20 years as a function of 
how long each generation of hardware is 
kept.

• There are various assumptions about the 
increased efficiency of newer hardware.

• In Sweden, where the power has low 
carbon intensity, it is better to run 
hardware for at least 10 years.

• In Taiwan, where the power has a high 
carbon intensity, it is best to get newer 
hardware after 3 years.

8/12/25 WLCG @ 20D. Britton 11 of 15

https://app. electricitymaps.com/zone/GB/24h
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Embodied Carbon

• Embodied Carbon of a typical (new) server estimated to be 1.5 
and 3.5 tCO2

• Majority comes from chip manufacturing – CPU, RAM, and SSDs.
• Embodied Carbon (Scope-3) can dominate, depending on when 

and where server is used.

Mattias Wadenstein

A 300-watt server 
utilised at 80% for 5 
years produces either 
0.35 or 3.5 tCO2 of 
Scope-2 emissions, 
depending on whether 
local carbon intensity 
average 33 or 334 
gCO2/kWh.

→ When to replace?
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Sustainable Computing Centers

Power Effectiveness

• PUE =  

• Main contribution is cooling 

• Best data centers achieve 1.07 

• New data centers in DE require 1.2 

• State of the art cooling & infrastructure 
reduce PUE 

• Direct to chip or emersion cooling 

• Well isolated buildings 

• And much more

total facility power

IT power
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Sustainable Computing Centers

Waste Heat Reuse

• Close to all electricity in computing is converted to heat 

• Usage can reduce effective PUE way below 1 

• Often „low“ temperatures O(40°C) make usage difficult 

• Regulations on mandatory reuse are being implemented 

• More and more concepts arise currently 

• Low temperature office or district heating 

• Green houses & farming 

• Swimming pools 

• Electricity generation (currently very inefficient)

EcoDataCenter
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The SCOPE Project

General Goal

• Developing a realistic, scalable and sustainable concept for an 
ET Computing Center 

• Adaption of computing power to energy availability 

• (Close to) 100% self sustaining with own renewable 
production 

• Efficient cooling & waste heat reusability 

• Potential use cases aside ET 

• Building a full working prototype inside a shipping container 

• Creating a full co-simulation for scale up and testing 

• Integrated Techno-Economic & Life-Cycle assessment 

• Including transferability to other business cases
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The SCOPE Project

Building a Prototype

• Showcase, that components can 
work hand in hand 

• Fully operational „breathing“ 
computing stack, with realistic 
ET workload 

• Energy storage in battery and 
hydrogen 

• Simulated energy production 

• Heat management and 
measurement of waste heat

Energy System

Weather Station 
Data for calculating 
energy production Li-Storage

H2-Storage
Server Cluster

Jobs & steering

Information on 
energy availability

Weather data

IT System

Power Heat Information

Grid Connection 
Throtteled, to simulate 

production

Controller 
Steering of storage & 

power quality

Job Scheduler 
Management according 

to energy availability

Cooling system 
Efficient cooling 
of all systems
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Conclusions

• Computing centers need to become „green“ as part of 
the effort to tackle climate change 

• There are many ways to increase the sustainability of a 
computing center, most importantly: 

• Efficient soft & hardware 

• Renewable energy production 

• State of the art infrastructure & waste heat reuse 

• We will develop a concept for a (larger) on-site 
computing center for ET


