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NetDRIVE Breakout Sessions
H L' 4. 0

Tech optimist? Pessimist?
Restraint optimist? Fatalist?

Demand Flexibility

Adaptation optimist? DNO -> 5 Categories (eg day-ahead)
Culture change optimist? Timeframe & Min capacity
Do it later? Inc Demand (£££f) - Dec Demand (f)

Could do it now! (Covid)
Free at point of use: CO2 cost?
Al Datacentres: making money?

Downclocking
Green Scheduling

UPS -> Grid Storage/Flexibilty solution

Nuclear - waste Match workloads to DNO Contracts
Renewable - waste

Comms with users
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An Environmental Assessment of
Computing Services in Higher Education

Tobias Fitschen, Nicolas Labra Cataldo,
Caterina Doglioni, Michael Sparks,

Luis Miguel Villar Padruno, Ben

Parkes, Sakshi Kumar,

Alejandro Gallego-Schmid

An Environmental Assessment of Computing Services in Higher Education

Nicolds L. Cataldo!?, Caterina Doglioni*, Tobias Fitschen®, Alejandro Gallego-Schmid®, Sakshi Kumar!34, Luis M. V. Padruno!, Ben Parkes', Michael Sparks! [RIEAN HESTER
University of Manchester, 2Tyndall Centre for Climate Change Research, YIndian Institute of Technology Varanasi, *Google Summer of Code - =

Abstract

Progress in engineering, physics, and data science increasingly depends on powerful com-
puting infrastructure, from personal workstations to high-performance nodes. However, the
environmental impacts across its full life cycle are often overlooked. This study evaluates
the energy and resource efficiency of computing hardware and software within the Faculty of
Science and Engineering (FSE) at the University of Manchester, supporting the university's
Zero Direct Carbon Emissions (scope 1 and 2) by 2038 and Net Zero emissions (scope 3)
by 2050 targets. The study, performed by PDRAs, PhD students supervised by a dRTP and
academics, combines life cycle assessment (LCA), hardware usage audits, and software energy
profiling to compare three main computing setups: i) desktop computers with screens, ii) lap-
tops and iii) high-throughput computing cluster nodes. System boundaries include component
production and operational phases, analyzed with LCA software across 15-year scenarios. Spe-
cialised compute nodes dominate most impact categories, particularly manufacturing-driven
ones. Embodied impacts from material extraction, steel production, electronic circuits, and
display components exceed operational electricity use across most indicators, highlighting
manufacturing’s growing importance despite grid decarbonisation. Sensitivity analyses show
replacement strategies strongly influence outcomes, underscoring demand management and
procurement policies’ importance in reducing academic computing’s environmental footprint.
This study aligns with the UK DRI Net Zero Roadmap by addressing facility-level carbon
accounting including embodied emissions (Action #2) and evidence-based procurement pol-
icy (Action #10), supporting the roadmap's emphasis on Scope 3 emissions and sustainable
supply chains. We intend to build bridges between environmental impact assessment of DRI
and academic research, ensuring NetDRIVE tools and outputs are useful for research-intensive
higher education institutions with large on-site compute clusters.

Objectives

* Goal: Conduct an environmental assessment of the computing infrastructure of the
Faculty of Science and Engineering at the University of Manchester

» Considering High Performance Computing Nodes (HPN) and individual devices
(Laptops, Desktop computers)

» Quantify the environmental benefit of different hardware replacement cycles

» Translate findings into practical, data-driven policy recommendations

Methods

« Attributional Life Cycle Assessment (LCA) zccording to ISO 14040/4044:2006 [1]
» Functional unit: 15 years of computing services in an institution of 13,000 students
(representative for Schools of Science & Engineering in the UK)
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Figure 1: System boundaries diagram: hardware end-of-life is excluded.
* Cradle-to-use approach

 Hardware: embodied impact from raw materials, production, and transport
» Operation: electricity consumption of computing and cooling
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Figure 2: Estimated usage profile of the hardware in the institute.

* Model based on realistic mixture of hardware in institutions like the faculty

* Components inventory is accessed by data sheets and disassembling

* LCA modelling: Ecolnvent 3.0 database [2]. SimaPro 9.8 software [3]

» Differentiating between turned off, idle. moderate- and high-performance use
« Energy consumption measured by Running Average Power Limit (RAPL) (4]

using CodeCarbon v2.4 1 [5] running Particle Physics simulations (high-performance use)

il h
{1 “ S0.Org/standard /37456 htmi  [2] hitps: / /simapro.com |3} https:/ /ecoin
tobias fitschen@manchester.ac uk

Results
W HPN - manufacturing W HPN - operational use W HPN - cooling
| Screen - manufacturing W Screen - operational use #® Desktop - manufacturing
Desktop - operational use W Laptop - Manufacturing Laptop - Operational use

Global warming [EYANT AT I
Stratospheric ozone depletion ERNTIGSTT
Fine particulate matter formation ERELAI AL
Ozone formation, Terrestrial ecosystems VXTI
lonising radiation [ =
Human carcinogenic toxicity - IEENGE W1 N B
Human non-carcinogenic toxicity IFETANS I E o M I
Ozone formation, Human health RN TS
Terrestrial acidification = )
Freshwater eutrophication [EERELEY ]
Marine eutrophication
Terrestrial ecotoxicity RS NN N
Freshwater ecotoxidty ISR N ] | ==

Marine ecotoxicity EERHNSN N0 -] |

Lrduse ENTESYTEEEEEES BN
Mineral resource scarcity HEISTRIN ] 5
Fossil resource scarcity [EFEINIE S BN W=
Water consumption [EE R .
0% 20% 40% 0% 80% 100%

Figure 3: LCA impact categories for 15 years of computing services obtained via SimaPro.

 High-performance nodes have highest impact in most categories
e HPN cooling accounts for 35.5% of their operations
+ Laptops have lowest impact in all categories
» Manufacturing has most significant impact for all setups
» Total global warming potential: 2.5 ktCO; eq./year
« Comparable to the average total emissions of a small UK town of 500 people
» Represents 18% of the total CO; eq./year for the faculty, as reported by the University
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Figure 4: LCA impact from sensitivity analysis for 15 years of computing services of the
faculty considering different replacement times and scenarios (SC) of operation

« Sensitivity analysis comparing three scenarios of operation
«SC1: Increase HPN operation to 24 h/day making full use of hardware
« SC2: Decrease HPN operation to 250 days/year, replacing idle time with off-time
« SC3: Increasing renewable energy share from 46% currently to 61%
» Comparing four different hardware replacement cycles
« Longest cycle (7 years) results in largest improvement in all categories
«» Due to dominance of manufacturing in all impact categories
« Increasing the replacement time has greater sustainability impact than reduction in HPN
operation time or increase of renewables in the energy mix
« Change from 5 to 6 years results on average in 16% reduced environmental impact

Conclusion

« Policies that focus on decarbonisation may overlook impact in other categories

« Hardware manufactoring often dominates the environmental impact of computing

« Reexamination of hardware replacement times can be an impactful tool for sustainability
« Evidence-based guidance is crucial for restructuring computing services at universities

« NetDRIVE can help to facilitate a sharing of evidence and policies amongst institutions

[5] https://cadecarbon.o

22-23 April 2026

/ /greencompute. uk,/Measurement RAPL



"

-erina Doglioni, Michael Sparks - University or
Britton, Emanuele Simili - University of G
< | o

Alastair Dewhurst - RAL/STH

s
o o of o

Honourable
Mention

YINS

Ompulie |

Motivation: The
nfrastructures

Goal and outcomes: De
-heduling to align European digita

-

Key Performance Indicators, metrics, and n etadata

se that

Environmentally SUstainable
Digital services and practices B
For Research infrastructures

Potential connections with ongoing NetDRIVE Clusters and community projects

arbon measurement methodologies,

NetDRIVE.

rer 1: Carbon Accounting & Metrics - Purpose: Align ¢
a boundaries, and evaluation frameworks across

Jelling assumptions, reportin

Caterina Doglioni, Michael Spa

glioni, Michael Sparks, e
: ster 2: Green Scheduling - Purpose: Align modelling, technical feasibility, and operational
= deployment of scheduling-based carbon reductions.

Optimisation & Efficiency - Purpose oordinate computational efficiency and

David Britton, Emanuele Simili, il
Alastair Dewhurst

LB Onal B Cirat ot oy e Lt
Honal & Strategic Change - Furpo dations, roadmaps, action

1tst




Oliver Bates* Marcia Smith* Kate Wright~, Carolynne
* School of Computing and Communications, Lancaster University ~ UK Centre o
Contact: o.bates@lancaster.ac, K

Digital Sufficiency and Digital Research
Infrastructure

Digital sufficiency for sustainable : 2 orkshe v
DRI recognises ecological . JWE { ;  volumes ani
constraints in order to address the #8 : Lif! DR hat still support scie
overuse of resources. It aims to ' \ : ‘
shift from efficiency mindsets and

practices to those that use “just

0-Designing Digital Sufficiency
or Sustainable DRI

liver Bates, Marcia Smith, Kate Wright,
arolynne Lord, Kelly Widdicks




Netzero DRI Vision & Expertise

https://eng.ox.ac.uk/netdrive

£500k Third Funding Call for Community Projects
Closed call, existing partners

Topics:  ® Community Project Integration/Translation

® Community Views and Sentiments

® EC Champion (Integration)

Announcement in May 2026, for start in Jan or April 2027




