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 Executive Summary 

 The United Nations Secretary General, Antonio Guterres, recently warned of the “climate 

 time bomb” and urged developed countries reach net zero emissions by 2040 as part of “a 

 survival guide for humanity” (and indeed all life
 on the planet)  2

  . These are strong words and 

 strong action is required immediately. Funded by the UK Government, UK Research and 

 Innovation (UKRI) has a duty to ensure the emissions it is responsible for are net zero by 

 2040 or preferably much sooner. At the time when the UKRI target of 2040 was set it w
as 

 intended to demonstrate leadership by being a decade in advance of the global target and 

 may need revision, so the emphasis is increasingly on “sooner” than 2040. 

 UKRI is committed to creating a state-of-the art national  digital research infrastructure  (DRI) 

 that will seamlessly connect researchers, policy makers and innovators to the computers, 

 data, tools, techniques and skills that underpin the most ambitious and creative research. 

 UKRI and the UKRI DRI are well positioned to play a leading role in the national and global 

 transition to a sustainable society through their ability to draw on expertise across the full 

 range of the technical, social, and economic challenges that we face. The UKRI DRI can 

 provide leadership firstly by demonstrating and delivering on a commitment to achieving net 

 zero and secondly as an agent of change driving the technical innovation and behaviour 

 change which is needed to pave the way to net zero. 

 Escaping carbon dependency will require a reassessment of existing habits, values, and 

 behaviours across the research community and wider society. U
KRI is committed to 

 becoming net zero by 2040 or sooner. The key areas contributing to DRI emissions are the 

 purchase of electricity, th
e manufacture of hardware (including the footprint of extracting raw 

 materials), emissions associated with the use of the UKRI DRI, such as the footprint of 

 laptops, and, last but not least, the impact of the UKRI DRI on societal emissions through 

 research and innovation outcomes. Following best practice, we do not treat different 

 categories as equivalent but do include targets for all major contributions. 

 Delivery of a net zero DRI will require action on both operational emissions, dominated by 

 the power supply, and the hardware supply chain. With the nation facing constraints on 

 national power generation capacity in the coming decades, the high electricity demand of the 

 exascale machines demanded by the national research programme will need to be well 

 justified not only in terms of scientific creativity but also in terms of delivering certifiable 

 impact accelerating the transition to a sustainable society. 

 To support net zero targets, and given the need and value of DRI, UKRI awarded £1.86 

 million to the Net Zero DRI Scoping project (hereafter "the Project") to
 investigate how UKRI 

 can achieve net zero digital research infrastructure. The Project has collected a 

 comprehensive range of evidence based on a literature survey, expert-led investigations 

 across a range of focused projects, and stakeholder engagement. More than 20 institutions 

 and over 40 researchers contributed to this work.This technical report provides a detailed 

 assessment of the evidence and recommendations formed by the Project and sets out the 

 key initial steps that we believe will allow the UKRI DRI to play a leading role in navigating 

 an equitable transition to a sustainable future. 

 Technical evidence is collected into a  toolkit  , providing a subject-based synthesis which will 

 be useful to practitioners seeking guidance on specific topics, and a  roadmap  organised in 

 three delivery pathways. The toolkit and roadmap are complemented by a journey metaphor 
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 https://www.reuters.com/business/environment/un-chief-urges-faster-shift-net-zero-after-report-highlig 

 hts-climate-threat-2023-03-20/ 
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 Preface 
 This report provides a full account of evidence collected in the UKRI Digital Research 

 Infrastructure (DRI) Net Zero Scoping project. It combines detailed technical analysis with a 

 literature survey and results from community and stakeholder engagement activities. 

 The target of achieving net zero emissions by 2040 is extremely challenging, but the project 

 has encountered a strong determination to meet that challenge in all areas of the DRI and 

 the research community which depends on it. 

 This technical report, which provides a detailed account of outcomes and recommendations 

 from project activities, will be complemented by an overview document  1  which will provide 

 the key conclusions and recommendations in a more accessible narrative. 

 Martin Juckes, June 2023. 
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IRISCAST 
Proposes

6. Collect per job (or VM) energy usage by using tools 
like Slurm (correctly configured). Combined this with 
embedded carbon from inventory and electricity carbon 
intensity to feedback job carbon cost to the end user to 
drive improvements in user code and workflow. 


1. Future DRI procurement to include a score based on  
embedded carbon costs and equipment energy usage.
2. New computer hardware to include energy measurement 
capability such as IPMI (or per port PDUs) and require the 
supplier to provide best estimates of embedded carbon 
costs.
3. Measure energy used by cooling infrastructure and the 
computing infrastructure.


4. Facilities to keep an inventory of equipment including 
embedded carbon cost and idle power draw.
5. Monthly (or other periodic) reporting of carbon usage by 
facilities based on 3 and 4 above. Roll into standard grant 
reporting regime.


7. Identify user communities and the authors of 
community codebases so that useful feedback can be 
given to them to drive the development of more efficient 
code and workflows.

High Level Feedback Low Level Feedback

Carbon Equivalent 
per month

Figure of merit 
per Job

Carbon Equivalent 
per Job
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Carbon Mapping Project

Carbon Model to 
apportion carbon 
costs to payloads. 
Including tools and 

measurements 
needed

Online Delivery Roadmap for 
Carbon Reporting in IRIS

Needs of Management

Needs of Providers

Needs of Users & 
User Communities

What are YOUR reporting needs?Help:



Carbon Mapping Project

In-person meeting at QMUL Friday 26th January

Join us to discuss the reporting needs of: 
* Users & User communities 
* Providers 
* IRIS Management  

Also there should be some time to explore some 
of the modelling approaches we are 
investigating

We have limited funds to pay reasonable travel 
expenses (eg return rail fare) available on 
request. (Claimed in arrears via QMUL process).

https://indico.ph.qmul.ac.uk/indico/event/IRIS-CMP-Requirements

If you can attend please register this week!



Carbon Mapping Project
Reporting Requirements of Users & User Communities

Per Payload Carbon: 
 split by scope 2 and scope 3

Per Project Carbon: 
 split by scope 2 and scope 3 
 By month? By week? By day?

What questions do you want to ask about carbon usage? 
What metrics help answer those questions? 

Time to science ~ Embedded Carbon for Science (scope 3) 
Energy Usage to Science ~ Operational Carbon to Science (scope 2)

What are the key metrics to help make your workloads more carbon efficient ? 



Carbon Mapping Project
Reporting Requirements of Providers

Per User Carbon: 
 split by scope 
 What timeframes?

How do we estimate Embedded Scope 3 Carbon of 
equipment and how do we estimate device lifetimes?

Carbon Cost of Idle time 
 split by scope 2 and scope 3

Should cost of idle time be attributed to provider or user? 
User where resource reserved but left idle.

What is our Monthly Carbon cost? 
 Is that the right timeframe?

What questions do you want to ask about carbon usage? 
What metrics help answer those questions? 



Carbon Mapping Project
Reporting Requirements of iris Management Team

Monthly Report of carbon by project.

Time to science ~ Embedded Carbon for Science (Scope 3) 
Energy Usage to Science ~ Operational Carbon to Science (Scope 2)

Idle Carbon costs by Provider and Project?

(I will be discussing this with IRIS-PA meeting in 2 weeks time)

What questions do you want to ask about carbon usage? 
What metrics help answer those questions? 



Carbon Mapping Project
DISCUSSION: Users and Communities & Providers

What questions do you want to ask about carbon usage? 
What metrics help answer those questions? 

Time to science ~ Embedded Carbon for Science (scope 3) 
Energy Usage to Science ~ Operational Carbon to Science (scope 2)

Frequency of aggregated reporting? Idle time allocation?

What are your thoughts?



Carbon Mapping Project

In-person meeting at QMUL Friday 26th January

Join us to discuss the reporting needs of: 
* Users & User communities 
* Providers 
* IRIS Management  

Also there should be some time to explore some 
of the modelling approaches we are 
investigating

We have limited funds to pay reasonable travel 
expenses (eg return rail fare) available on 
request. (Claimed in arrears via QMUL process).

https://indico.ph.qmul.ac.uk/indico/event/IRIS-CMP-Requirements

If you can attend please register this week!
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