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17.3 T CO2e

Metagenome assembly  
of 100 soil samples

14 kg CO2e
(1h / 130 GB)

RNA read alignments 
10 million 100-bp to P. falciparum

240 g CO2e
(1h30 / 13 GB)

(225h / 100 GB per trait)

GWAS of 1,000 traits in UK Biobank

WHAT ABOUT THE SCIENCE WE DO? BIOLOGY
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Training the 15B model



UNFORTUNATELY…

Computing is not free

But from a user point of view, it may look like it



FOCUSING ON COMPUTING

Day-to-day computing 
Emails 

Writing on Words 
Web surfing 

Zoom 

Intense computations: 
long runtimes (several hours) 

and/or large memory requirements (10s GB)
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IT’S ALL THE SAME (ISH)
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renewing policies



BREAKING DOWN THE ENVIRONMENTAL IMPACTS OF COMPUTING

Environmental impact  
of computingPowering the computer

Long-term  
data storage

Life-cycle footprint  
of the hardware

>82% of the 54m of tonnes of e-waste are handled  
by 12-56m informal waste workers worldwide

18m children work in industries involving waste processing

E-waste are predicted to raise by 40% by 2030

Keep, Repair, Reuse
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BREAKING DOWN THE ENVIRONMENTAL IMPACTS OF COMPUTING

Environmental impact  
of computingPowering the computer

Long-term  
data storage

Life-cycle footprint  
of the hardware

Energy bill of a data centre: 
• 50% servers 
• 10% storage 
• 40% overheads (cooling)

~10 kgCO2e/TB/year

https://www.seagate.com/gb/en/global-citizenship/product-sustainability/

Don’t store  
useless data



BREAKING DOWN THE ENVIRONMENTAL IMPACTS OF COMPUTING

Environmental impact  
of computingPowering the computer

Long-term  
data storage

Life-cycle footprint  
of the hardware



THE CARBON FOOTPRINT OF COMPUTATION

Carbon footprint = energy used x carbon intensity
gCO2e kWh gCO2e/kWh
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Running 
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Efficiency of  
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www.electricitymap.org
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: CARBON INTENSITYTHE CARBON FOOTPRINT OF COMPUTATION
https://carbonintensity.org.uk/



BUT…

It doesn’t mean we should stop doing science

Synergies exist



GREENER PRINCIPLES FOR SUSTAINABLE COMPUTATIONAL SCIENCE

Collaboration with UK stakeholders



GREENER PRINCIPLES FOR SUSTAINABLE COMPUTATIONAL SCIENCE

Governance

Responsibility

Estimation

Energy and embodied impacts

New collaborations

Education

Research

All actors in computational research have a key 
role to play and can lead the efforts towards 

sustainable computing.

Embracing both individual and institutional 
responsibility regarding the environmental impacts 
of research. This involves being transparent about 
these and initiating bold initiatives to reduce them. 

Monitoring environmental impacts to identify 
inefficiencies and opportunities for improvement. 

Minimising energy needs of computations and 
favouring low-carbon energy sources, while also 
considering the broader environmental impacts 
(e.g. water usage, mining of raw materials etc.).

Cooperating to leverage low-carbon 
infrastructures, facilitate equitable access to low-
carbon computation and limit wasted resources. 

Training all stakeholders to be aware of the 
sustainability challenges of HPC and to be 

equipped with the skills to tackle them. 

Dedicate research efforts to green computing to 
improve our understanding of power usage, 

support sustainable software engineering and 
enable energy-efficient research. 

Cultural change:  
make environmental 
sustainability a core 
element of research



FROM THEORY TO PRACTICE
Estimating and reporting the carbon footprint of algorithms



ESTIMATING CARBON FOOTPRINTS IN PRACTICE

Michael Inouye



EXISTING TOOLS



THE GREEN ALGORITHMS CALCULATOR
calculator.green-algorithms.org

Michael InouyeJason Grealey
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Michael InouyeJason Grealey

https://github.com/GreenAlgorithms/green-algorithms-tool 

http://calculator.green-algorithms.org
https://github.com/GreenAlgorithms/green-algorithms-tool
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Let us know  
if you try it!

https://github.com/GreenAlgorithms/GreenAlgorithms4HPC

GREEN ALGORITHMS 4 HPC



Woei Yuh  
Saw

Jonathan  
Marten

Sergio  
Ruiz-Carmona

Guillaume  
Méric

Jason  
Grealey

Michael  
Inouye

IT ENABLES DEEP DIVES INTO PARTICULAR FIELDS



IT ENABLES ENVIRONMENTAL IMPACT STATEMENTS 



COMING NEXT: GA4HPC DASHBOARD

Institutional dashboard to monitor computing carbon footprint  
across research groups, units and departments 



Concept pioneered by EMBL-EBI 
(and others!)

Alex Bateman

Matthias Blum
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GREEN ALGORITHMS 4 HPC: THE DASHBOARD

Next step: an open source, easy to deploy, reliable and transparent  
SLURM-based dashboard implementing GA4HPC in computing facilities

Already have 
such a dashboard? 

Let’s chat!

Interested in piloting it  
in your organisation?  

Let’s chat! 

Michael Inouye

Alex Bateman

Matthias Blum



COMING NEXT (PART 2): NEXTFLOW PLUGIN

Sabrina Krakau

Júlia Mir Pedrol

Phil Ewels



A DETAILED GUIDE FOR DEEP LEARNING

Aurélie Bureau

Lucia Souza



TRANSPARENCY, FROM ALL OF US

Institutions

Data centres

Cloud providers Scientists

Hardware manufacturers



Youwen Qin et al., Combined effects of host 
genetics and diet on human gut microbiota and 
incident disease in a single population cohort,  

Nature Genetics, 2022

Lannelongue & Inouye, Inference mechanisms 
and prediction of protein-protein interactions, 

bioRxiv, 2022

Yu Xu et al., An atlas of genetic scores to 
predict multi-omic traits, Nature, 2023

TRANSPARENCY, FROM ALL OF US
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FROM ACKNOWLEDGING TO 
REDUCING IMPACTS

Tackling Energy and embodied impact through New Collaborations



WHAT CAN WE DO NOW?

Optimise (or use optimised) code

Promote efficient  
data centres

Carefully choose your  
computing facility

Estimate and report  
your own footprint  

for your projects …and include it in  
your cost-benefit  

analysis

Keep, Repair, Reuse

Sustainability should be  
accounted for in  
renewing policies

Michael Inouye

Jason Grealey

Alex Bateman



A SUSTAINABILITY STANDARD FOR DRY LAB

Pilot phase underway

Coming soon

Want to be kept updated? Email me! LL582@medschl.cam.ac.uk

mailto:LL582@medschl.cam.ac.uk


FIELD-SPECIFIC GUIDANCE: NEUROSCIENCE

Nick Souter

Charlotte Rae



MINIMISING CARBON INTENSITY THROUGH SMART SCHEDULING



MOVING FORWARD:  
EDUCATION AND RESEARCH



MAKING SUSTAINABILITY PART OF SCIENTIFIC TRAINING



IDENTIFY FURTHER OPPORTUNITIES FOR MORE SUSTAINABLE COMPUTING

xkcd.com

Sadly not yet

So dedicated research efforts 
are needed

http://xkcd.com


IDENTIFY FURTHER OPPORTUNITIES FOR MORE SUSTAINABLE COMPUTING

We need more trained  

Research Softwares Engineers



ALL THIS LEADING TO  
CULTURAL CHANGE



JEVON’S PARADOX

Rebound effect can ruin all our efforts



BUILDING A COMMUNITY

www.eicworkshop.info

An upcoming community of practice

https://forms.gle/rgeqzcpo51gge5Xr6

http://www.eicworkshop.info


The Green Algorithms  
website with all resources

At www.green-algorithms.org 

http://www.green-algorithms.org
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An upcoming community of practice
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