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Scope



Environmental Sustainability

• Carbon Footprint

• Water consumption

• Noise pollution

• Wildlife disruption

https://doi.org/10.1038/s41545-021-00101-w



Content Lifecycle

• Create / Digitise

• Appraise and Select

• Ingest

• Preservation

• Storage

• Access

• Distribution / Transfer

• Use / Reuse

https://www.dcc.ac.uk/guidance/curation-lifecycle-model

https://www.iea.org/commentaries/the-carbon-footprint-of-streaming-video-fact-checking-the-headlines

https://www.carbontrust.com/our-work-and-impact/guides-reports-and-tools/carbon-impact-of-video-streaming



Sources of Carbon Emissions

• Energy (power, cooling)

• ICT equipment (servers, storage, networking)

• Data Centres (buildings, equipment)

• People (staff, contractors)

• Travel (commuting, transport)

 

https://www.google.co.uk/about/datacenters/gallery/



LTDP in the Cloud

• Hyperscaler cloud infrastructures

• Published sustainability information

• Commitments to net zero

• Follow GHG Protocol

• Data available for actual emissions

https://azure.microsoft.com/en-us/explore/global-infrastructure/sustainability

https://cloud.google.com/sustainability

https://sustainability.aboutamazon.co.uk/environment/the-cloud



This Talk

• LTDP services running in the Cloud

• GHG Scope 3

• Carbon Footprint

• Energy Use

• Embodied footprint of ICT equipment

• Quantified emissions

• kgCO2eq 

• Real world digital preservation activities



Carbon Emissions From 
LTDP: Energy Usage



Global Energy Consumption by Data Centres

https://www.iea.org/reports/co2-emissions-in-2022

40 GT Global CO2 

emissions from energy 

consumption in 2022

Data centres’ total electricity consumption could reach 

more than 1000 TWh in 2026. This demand is roughly

equivalent to the electricity consumption of Japan

Data centres, cryptocurrencies, and artificial intelligence 

(AI) consumed about 460 TWh of electricity worldwide in 

2022, almost 2% of total global electricity demand.

https://www.iea.org/reports/electricity-2024



Misdirected Attention

Global energy consumption results in large CO2 emissions

Global data centres use lots of energy

The cloud uses big data centres

Digital Preservation is often done in the cloud

⇒ 

We need to worry (big time) about 

CO2 emissions from energy consumption by LTDP in the cloud



Carbon Intensity of Electricity over Time and by Location

https://app.electricitymaps.com/map



Example: AWS Renewable Energy Initiatives

• AWS has more than 500 

wind and solar projects 

globally

• Once operational, they are 

expected to generate more 

than 77,000 GWh of clean 

energy each year

• AWS target is 100% 

renewable energy by 2025

https://sustainability.aboutamazon.com/climate-solutions/carbon-free-energy?energyType=Wind+farm%2CSolar+farm

https://www.aboutamazon.co.uk/amazon-engie



Example: Google Cloud Platform (GCP) Carbon Net Zero

https://www.google.com/about/datacenters/gallery/#hamina-exterior-landscape

https://cloud.withgoogle.com/region-picker/



Arkivum Measurement of LTDP Carbon Emissions

• Get resource consumption and carbon emissions from cloud provider reports

• CPU resource consumption over 5 months (core-hours)

• Storage consumption over 5 months (GB-months)

• Gross emissions over 5 months per resource type (kgCO2 eq)

• Calculate metrics

• kgCO2 eq per core-hour for compute

• kgCO2 eq per TB-year for storage

• Measure resource consumption for specific preservation workflows (storage, compute)

• Large files, small files, inside bagit bags, big ingests, lots of small ingests

• File format identification, checksum generation, metadata extraction, replication etc.

• Additional processing using Archivematica on-demand

• Calculate carbon emissions 

• kgCO2 eq per TB of data ingested for different scenarios https://doi.org/10.6084/m9.figshare.20653101

https://doi.org/10.6084/m9.figshare.20653101


1 PB data stored for 1 year 7800 kgCO2 eq

1 PB ingest of large image files 1600 kgCO2 eq

1M office files stored for 1 year 5.5 kgCO2 eq

Ingest of 1M office files. 140 kgCO2 eq

Arkivum:  LTDP in the Cloud - Gross Carbon Emissions From Energy Consumption

Large image Datasets

Large collections of office files

The net carbon emissions were zero

1 year

London to 

California

500 miles

20 miles



Summary: Carbon Emissions from LTDP Energy Consumption in the Cloud

• Already net zero (depending on your choice of 

cloud provider and location)

• Ambitious and rapid advances from all the major 

cloud providers on use of carbon free energy

• But not an excuse to be wasteful!

• Energy may be net-zero but the embodied footprint 

of the servers isn’t…

By Unknown author - Popular Science 
Monthly Volume 11, Public Domain, 
https://commons.wikimedia.org/w/in
dex.php?curid=11022925

Jevons paradox

https://en.wikipedia.org/wiki/Jevons_paradox



Carbon Emissions From LTDP: 
Embodied Footprint of ICT



Embodied Footprint of ICT in the Cloud

• “The cloud is just someone else’s computers”

• Raw materials, manufacturing, transportation, 

use, disposal, recycling

• The use stage (carbon footprint from energy used 

in the cloud) is a small part of the ICT lifecycle

• Life Cycle Assessment (LCA)

• ISO 14040

• Cradle to Grave

https://en.wikipedia.org/wiki/Life-cycle_assessment#/media/File:Life_cycle_analysis_and_GHG_carbon_accounting.jpg



LCA Numbers for ICT Servers

https://corporate.delltechnologies.com/content/dam/digitalassets/active/en/unauth/data-
sheets/products/servers/lca_poweredge_r740.pdf

• Not published by Cloud Providers

• Very few examples from hardware 

manufactures

• Common approach is to use data from Dell 

servers and adapt it estimating cloud 

footprint

• Reality is that we don’t know what AWS or 

GCP are actually using for their hardware 

and what it’s embodied footprint is!



Dell R740 Server (General Purpose Rack Server)

• Manufacturing footprint ~4200 kgCO2eq

• Mostly comes from SSDs (~80%)

• Transport is negligible

• Recycling saves ~2%

• 4 year lifetime => 

 1 tonne CO2eq per year

London to New York



Embodied Footprint for Long Term Storage

• Information not published by cloud providers

• Little information on storage system composition

• SSD, HDD, Data Tape

• Archival storage is a special case

• Infrequent access

• Large data volumes

• Lower energy consumption

• Embodied footprint depends on media type and size

• SSDs are worse than HDDs!

• 1 HDD capacity could be anywhere between 1–20TB 

https://arxiv.org/pdf/2207.10793.pdf



Embodied Footprint of Servers and Storage

• Storage

• Storage Embodied Factor: kgCO2eq per GB

• HDD lifetime  4-6 years 

• Hard Drive   5 kgCO2eq per TB per year

• Servers

• Cloud server lifetime  4-6 years

• Cloud server utilization 50 – 65%

• 1 core-hour  ~   0.5  gCO2eq

• Data Tape Libraries and media

• Deep archive LTO  1 kgCO2eq per TB per year

https://arxiv.org/pdf/2207.10793.pdf

https://corporate.delltechnologies.com/content/dam/digitalassets/acti
ve/en/unauth/data-sheets/products/servers/lca_poweredge_r740.pdf

https://drive.google.com/file/d/1kMzU9cL975sR_1JwiQ-Rq8kRTp76bl_z/view

CALCULATING THE CARBON FOOTPRINT OF DIGITAL PRESERVATION



Embodied Footprint

1 PB data stored for 1 year 4000 kgCO2 eq

1 PB ingest of large image files 200 kgCO2 eq

Embodied Footprint

1M office files stored for 1 year 4 kgCO2 eq

Ingest of 1M office files. 25 kgCO2 eq

Carbon Emissions From ICT Embodied Footprint

Large Astronomy Research Datasets

Large collections of office files

½ year

90 miles

15 miles

700 miles



Carbon Emissions from LTDP



Gross Emissions from 
Energy Consumption

Estimated Embodied 
Footprint

1 PB data stored for 1 year 7800 kgCO2 eq 4000 kgCO2 eq

1 PB ingest of large image files 1600 kgCO2 eq 200 kgCO2 eq

Gross Emissions from 
Energy Consumption

Estimated Embodied 
Footprint

1M office files stored for 1 year 5.5 kgCO2 eq 4 kgCO2 eq

Ingest of 1M office files. 140 kgCO2 eq 25 kgCO2 eq

Carbon Emissions from LTDP

Large image Datasets

Large collections of office files

The net carbon emissions from energy use are zero, the embodied footprint isn’t!



Date Carbon 
Footprint from 
Energy 
Consumption

Embodied 
Carbon 
Footprint

Reference

Virginia Tech University, 
US

2022 Yes https://osf.io/caub7

Digital Heritage Network, 
Netherlands

2022 Yes Yes https://doi.org/10.5281/zenodo.6341483

CSC, 
Finland

2023 Yes Yes https://drive.google.com/file/d/1kMzU9cL975
sR_1JwiQ-Rq8kRTp76bl_z/view

The National Archives, 
UK

2023 Yes https://www.nationalarchives.gov.uk/archives
-sector/digital-services-and-carbon-emissions-
in-the-heritage-sector-some-preliminary-
findings/

Other Measurements and Calculations



LTDP carbon emissions into an organizational context

https://www.nationalarchives.gov.uk/archives-sector/digital-services-and-carbon-emissions-in-the-heritage-sector-some-preliminary-findings/



Carbon Emissions 
from LTDP On Premise



On-premise LDTP

• Server utilization
• On prem    15%

• Cloud    65%

• Data Centre efficiency (PUE)
• On premise   1.2 – 1.5 

• Cloud    1.1

• Energy Mix
• On prem    depends on local energy mix, e.g. 50%

• Cloud    rapidly heading to 100% renewable

• Embodied ICT
• On prem    inefficiencies in transport, recycling and disposal

• Cloud    efficiencies of scale, extended lifetimes



LTDP Outside of the Cloud

If you do LTDP using your own facilities:

• Is your energy mix 100% renewable?

• How does your energy efficiency compare to AWS, Google, Azure?

• Are your hardware utilization levels as high as they could be? 

• Are you getting the longest lifetime possible out of servers?

• Do you have a circular approach to hardware recycling?



Summary



Message 1:  Worry about embodied footprint

• Carbon footprint from energy usage can be zero, 

but embodied footprint isn’t

• ICT servers and storage have a significant embodied 

carbon footprint

• Keep less

• Do less

• Be efficient

• Share resources

The Curricular Asset Warehouse At The University Of Illinois, iPRES 2023



Message 2: Carbon Footprint Of LTDP Can Vary Hugely!

• Carbon footprint of LTDP depends on:

• Type and volume of data

• Processing that gets applied

• Where the processing takes place

• When processing takes place

• What tools and systems are used 

• How the data is stored and how often it is accessed

Measure your footprint

 ⟹  Understand what makes the most contributions

   ⟹  Make targeted reductions



hello@arkivum.comwww.arkivum.com

QUESTIONS?

Matthew Addis

matthew.addis@arkivum.com

https://orcid.org/0000-0002-3837-2526 

mailto:Matthew.Addis@Arkivum.com


Resources



• Pendergrass, Keith L., Walker Sampson, Tim Walsh, 

and Laura Alagna. 2019. “Toward

Environmentally Sustainable Digital Preservation.” 

The American Archivist 82 (1): 165–206

• DPC Webinar April 2020: “Enacting Environmentally 

Sustainable Preservation”

https://dash.harvard.edu/handle/1/40741399

2019: Toward Environmentally Sustainable Digital Preservation 



https://www.dpconline.org/digipres/discover-good-practice/environmentally-sustainable-digital-preservation

DPC: Environmentally Sustainable Digital Preservation

• Blogs

• Reports

• Webinars

• Presentations



iPRES 2022: Environmental Sustainability Sessions

https://youtu.be/pFCqgmLgqzg

• Green Goes with Anything: 

Decreasing Environmental Impact of 

Digital Libraries at Virginia Tech

• Seeking Sustainability: Developing a 

Modern Distributed Digital 

Preservation System, Penn State 

University Libraries 

• The C02 Emissions of Storage and 

use of Digital Objects and Data. 

Exploring Climate Actions, Dutch 

National Archives / Digital Heritage 

Network

• After the Cloud: Rethinking Data 

Ecologies through Anthropology & 

Speculative Fiction, Steven Gonzalez 

Monserrate.

https://osf.io/caub7 (Virginia Tech)
https://osf.io/v9ub8/ (Penn State)
https://osf.io/7cbmd/ (Dutch National Archives)

https://osf.io/caub7
https://osf.io/v9ub8/
https://osf.io/7cbmd/


iPRES 2023: Environmental Sustainability Sessions

• Mikko Tiainen and colleagues from CSC on Calculating the Carbon Footprint of Digital Preservation – 

A Case Study

• https://drive.google.com/file/d/1kMzU9cL975sR_1JwiQ-Rq8kRTp76bl_z/view 

• University of Illinois on The Curricular Asset Warehouse At The University Of Illinois: A Digital 

Archive’s Sustainability Case Study.

• https://drive.google.com/file/d/1Ov2Q5X0f7QcnL0oJ0EpiMmjeAgdDpq8Q/view 

• Tipping Point: Have we gone past the point where we can handle the Digital Preservation Deluge?

• https://www.ideals.illinois.edu/items/128305 

https://drive.google.com/file/d/1kMzU9cL975sR_1JwiQ-Rq8kRTp76bl_z/view
https://drive.google.com/file/d/1Ov2Q5X0f7QcnL0oJ0EpiMmjeAgdDpq8Q/view
https://www.ideals.illinois.edu/items/128305


Frameworks and Standards

https://ghgprotocol.org/sites/default/files/standards/ghg-protocol-revised.pdf

• GHG Protocol supplies the world's 

most widely used greenhouse gas 

accounting standards.

• Structured framework for thinking 

about emissions in supply chains



https://datacenters.lbl.gov/sites/default/files/Masanet_et_al_Science_2020.full_.pdf

Fact Check of Energy Consumption Trends in the Cloud

• Many claims about cloud carbon footprint 

and energy usage are out of date or use 

flawed projections



Matthew Addis’ Blog Posts, Webinars and Reports

• Is digital preservation bad for the environment? 

• https://www.dpconline.org/blog/is-digital-preservation-bad-for-the-environment 

• iPRES 2022: Climate Change and Environmental Sustainability 

• https://www.dpconline.org/blog/ipres-2022-climate-change-and-environmental-sustainability

• Does net zero emissions from energy usage in the cloud mean carbon free digital preservation is on the horizon? 

• https://www.dpconline.org/blog/blog-matthew-addis-enviornmental-23 

• Quantified Carbon Footprint of Long-Term Digital Preservation in the Cloud

• https://doi.org/10.6084/m9.figshare.20653101 

• What is the carbon footprint of large-scale global digital preservation? 

• https://www.dpconline.org/blog/blog-matthew-addis-ipres23

• Webinar Recording: Environmental Sustainability of Digital Preservation in the Cloud

• https://arkivum.com/webinar-environmental-sustainability-of-digital-preservation-in-the-cloud/ 

https://www.dpconline.org/blog/is-digital-preservation-bad-for-the-environment
https://www.dpconline.org/blog/ipres-2022-climate-change-and-environmental-sustainability
https://www.dpconline.org/blog/blog-matthew-addis-enviornmental-23
https://doi.org/10.6084/m9.figshare.20653101
https://www.dpconline.org/blog/blog-matthew-addis-ipres23
https://arkivum.com/webinar-environmental-sustainability-of-digital-preservation-in-the-cloud/


Yet More Reading!

• The Climate Impact of ICT
• https://www.gla.ac.uk/media/Media_848209_smxx.pdf

• The carbon footprint of servers
• https://www.goclimate.com/blog/the-carbon-footprint-of-servers/

• Environmental Footprint of Data Centers in the US
• https://iopscience.iop.org/article/10.1088/1748-9326/abfba1 

• Digital Preservation's Impact on the Environment
• https://www.dropbox.com/s/csdc0ije7rru2j6/ALA_EnvironmentallySustainablePreservation_Tadic_20220428.pptx 

• Walking a tightrope across the gap of digital preservation and environmental sustainability
• https://kia.pleio.nl/attachment/entity/931f65cb-2058-4fe9-a500-99bc53dfde40 

• Chasing Carbon: The Elusive Environmental Footprint of Computing
• https://discovery.ucl.ac.uk/id/eprint/10147559/1/Chasing_Carbon_The_Elusive_Environmental_Footprint_of_Computing.pdf 

• Cloud carbon footprint: Do Amazon, Microsoft and Google have their head in the clouds?
• https://www.carbone4.com/en/analysis-carbon-footprint-cloud 

• Digital Services and carbon emissions in the heritage sector: some preliminary findings
• https://www.nationalarchives.gov.uk/archives-sector/digital-services-and-carbon-emissions-in-the-heritage-sector-some-preliminary-

findings/ 

https://www.gla.ac.uk/media/Media_848209_smxx.pdf
https://www.goclimate.com/blog/the-carbon-footprint-of-servers/
https://iopscience.iop.org/article/10.1088/1748-9326/abfba1
https://www.dropbox.com/s/csdc0ije7rru2j6/ALA_EnvironmentallySustainablePreservation_Tadic_20220428.pptx
https://kia.pleio.nl/attachment/entity/931f65cb-2058-4fe9-a500-99bc53dfde40
https://discovery.ucl.ac.uk/id/eprint/10147559/1/Chasing_Carbon_The_Elusive_Environmental_Footprint_of_Computing.pdf
https://www.carbone4.com/en/analysis-carbon-footprint-cloud
https://www.nationalarchives.gov.uk/archives-sector/digital-services-and-carbon-emissions-in-the-heritage-sector-some-preliminary-findings/
https://www.nationalarchives.gov.uk/archives-sector/digital-services-and-carbon-emissions-in-the-heritage-sector-some-preliminary-findings/


Comparisons

280 gCO2eq  1 mile travelled in an average sized car 

250 kgCO2eq  1 hour per passenger on an international flight

10 TonnesCO2eq  UK average carbon footprint per year per person

50 TonnesCO2eq  Lifetime carbon budget per person from 2020 to 

  stay within 1.5C global temperature rise 

https://www.carbonindependent.org/
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