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The Internet is 
the largest machine  
ever built.
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Source: “The real climate and transformative impact of ICT: A critique of estimates, trends, and regulations” (2021) by Charlotte Freitag, Mike Berners-Lee, et al.

https://www.sciencedirect.com/science/article/pii/S2666389921001884


Source: “The real climate and transformative impact of ICT: A critique of estimates, trends, and regulations” (2021) by Charlotte Freitag, Mike Berners-Lee, et al.

https://www.sciencedirect.com/science/article/pii/S2666389921001884


Estimates of  
ICT GHG 
emissions  
in 2020 

Source: “The real climate and transformative impact of ICT: A critique of estimates, trends, and regulations” (2021) by Charlotte Freitag, Mike Berners-Lee, et al.

https://www.sciencedirect.com/science/article/pii/S2666389921001884


Around 70% 
of ICT’s 
footprint is 
due to use 

Source: “The real climate and transformative impact of ICT: A critique of estimates, trends, and regulations” (2021) by Charlotte Freitag, Mike Berners-Lee, et al.Source: “The real climate and transformative impact of ICT: A critique of estimates, trends, and regulations” (2021) by Charlotte Freitag, Mike Berners-Lee, et al.

Production

Use

https://www.sciencedirect.com/science/article/pii/S2666389921001884
https://www.sciencedirect.com/science/article/pii/S2666389921001884


Projected GHG 
emissions from 
ICT 

Source: “The real climate and transformative impact of ICT: A critique of estimates, trends, and regulations” (2021) by Charlotte Freitag, Mike Berners-Lee, et al.Source: “The real climate and transformative impact of ICT: A critique of estimates, trends, and regulations” (2021) by Charlotte Freitag, Mike Berners-Lee, et al.

https://www.sciencedirect.com/science/article/pii/S2666389921001884
https://www.sciencedirect.com/science/article/pii/S2666389921001884


Trends in ICT

Source: “The real climate and transformative impact of ICT: A critique of estimates, trends, and regulations” (2021) by Charlotte Freitag, Mike Berners-Lee, et al.Source: “The real climate and transformative impact of ICT: A critique of estimates, trends, and regulations” (2021) by Charlotte Freitag, Mike Berners-Lee, et al.

https://www.sciencedirect.com/science/article/pii/S2666389921001884
https://www.sciencedirect.com/science/article/pii/S2666389921001884


Source: “Data centers are sprouting up as a result of the AI boom, minting fortunes, sucking up energy, and changing rural America” (Oct. 13, 2023), businessinsider.com

https://www.businessinsider.com/ai-data-energy-centers-water-energy-land-2023-10
http://businessinsider.com


Source: “Data centers are sprouting up as a result of the AI boom, minting fortunes, sucking up energy, and changing rural America” (2023), businessinsider.com

https://www.businessinsider.com/ai-data-energy-centers-water-energy-land-2023-10
http://businessinsider.com


Gerry McGovern, World Wide Waste

80% of all digital data 
is never accessed  
or used again  
after it is stored.



Source: Statista 

In 2020, there were  
14 billion mobile devices worldwide

https://www.statista.com/statistics/245501/multiple-mobile-device-ownership-worldwide/


Source: Statista 

By 2025, there could be  
18.2 billion mobile devices worldwide

https://www.statista.com/statistics/245501/multiple-mobile-device-ownership-worldwide/


The more we consume,  
the more resources use.



Digital is physical.



Digital is social.



Digital is human.

https://www.ft.com/content/c6909812-9ce4-11e9-9c06-a4640c9feebb



ICT is part of  
the climate problem



Our targets

Source: ourworldindata.org

https://ourworldindata.org/co2-and-greenhouse-gas-emissions


Source: formulapedia.com

Business as usual?

https://formulapedia.com/wp-content/uploads/2022/09/pit-crew-F1-1920x1024.jpg


…but ICT can be part of  
climate solutions



Source: International Energy Agency (IEA), Jan. 2024

https://www.iea.org/energy-system/decarbonisation-enablers/digitalisation


Source: International Energy Agency (IEA), Jan. 2024

Digital technologies and data hold 
tremendous potential to forecast and match 
electrical supply and demand, thereby 
cutting costs, improving efficiency and 
resilience, and reducing emissions.

https://www.iea.org/energy-system/decarbonisation-enablers/digitalisation


Source: International Energy Agency (IEA), Jan. 2024

IEA Recommendations

https://www.iea.org/energy-system/decarbonisation-enablers/digitalisation


Source: “Playing offense with green tech to achieve net-zero emissions” (Dec. 8, 2022) by  McKinsey Digital

https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/playing-offense-with-green-tech-to-achieve-net-zero-emissions


Source: “Playing offense with green tech to achieve net-zero emissions” (Dec. 8, 2022) by  McKinsey Digital

• Technology and analytics are key to achieving net-zero emissions and 
meeting ambitious carbon reduction goals.

• Companies can use technology to identify emission hot spots and prioritize 
investments for maximum impact.

• IT can also help companies develop a green prioritization matrix to assess 
and prioritize decarbonization efforts based on their green impact, business 
impact, and feasibility.

• By focusing on carbon transparency, decarbonization solutions at scale, and 
using a green prioritization matrix, companies can achieve green impact 
without sacrificing profit.

https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/playing-offense-with-green-tech-to-achieve-net-zero-emissions


Extending server life saves money

Source: “Alphabet just banked $3.0 billion by stretching the life of its servers” by Simon Sharwood on The Register, Jan. 31, 2024

https://www.theregister.com/2024/01/31/alphabet_q4_2023/


Software can enable 
decarbonization,  

but it needs to do so sustainably.



What can we do to make the 
Web more sustainable?



Source: https://w3c.github.io/sustyweb/  

https://w3c.github.io/sustyweb/


Web sustainability guidelines  
High Impact, Low-/Medium Effort

Source: “Web Sustainability Guidelines: Getting Started” by Brian Louis Ramirez, based on Web Sustainability Guidelines, v1, 2023
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Web sustainability guidelines  
High Impact, Low- or Medium-Effort

DEV OPS 

Compress Your Files

Choose a Sustainable Hosting 
Provider

Automate To Fit the Needs

WEB DEV 

Ensure Your Solutions Are 
Accessible

Rigorously Assess Third-
Party Services

Use Beneficial JavaScript and 
Its API’s

UX 

Take a More Sustainable 
Approach to Image Assets

Avoid Unnecessary or an 
Overabundance of Assets

Avoid Manipulative Patterns

Take a More Sustainable 
Approach to Media Assets

Create a Stakeholder-Focused 
Testing & Prototyping Policy

Incorporate Compatibility 
Testing Into Each Release-Cycle

Promote Responsible Emerging 
Technology Practices

Include Organizational 
Philanthropy Policies

Include E-Waste, Right-To-
Repair, and Recycling Policies

Establish if a Digital Product or 
Service Is Necessary

Follow a Product Management 
and Maintenance Strategy

Implement Sustainability 
Onboarding Guidelines

Create One or More Impact 
Business Models

Share Economic Benefits

Promote Responsible Data 
Practices
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The biggest problems
Too much energy Too many devices
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Use green defaults

Minify, compress,  
cache

Build what’s needed, 
delete what’s not

Use green hosts  
& cloud

Human behavior



The tendency to favor the 
default option when given a 
choice between several options.

Default effect



Are the defaults set to 
maximize efficiency and 
minimize consumption?

Ask:



DON’T



DO
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Internet Traffic 
Sources

Source:  Cloudflare, “Crawler Hints: How Cloudflare Is Reducing The Environmental Impact Of Web Searches”, 2021.

Humans ♥

Good "

Bad "

https://blog.cloudflare.com/crawler-hints-how-cloudflare-is-reducing-the-environmental-impact-of-web-searches/


Internet Traffic 
Sources

Source:  Cloudflare, “Crawler Hints: How Cloudflare Is Reducing The Environmental Impact Of Web Searches”, 2021.

https://blog.cloudflare.com/crawler-hints-how-cloudflare-is-reducing-the-environmental-impact-of-web-searches/
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Green software 
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Optimize cloud



The Jevons Paradox 
Increasing efficiency  
enables increased use

Source: Wikipedia

Efficiency

Demand

https://en.wikipedia.org/wiki/Jevons_paradox
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The Jevons Paradox 
Increasing efficiency  
enables increased use

✋

Laws, 
taxes, 

budgets, 
restrictions

Source: Wikipedia

Efficiency

Demand

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


The EU’s Corporate Sustainability Reporting Directive (CSRD); California’s SB 253, the Climate Corporate Data Accountability Act (CCDAA)

CSRD CCDAA

https://finance.ec.europa.eu/capital-markets-union-and-financial-markets/company-reporting-and-auditing/company-reporting/corporate-sustainability-reporting_en#legislation
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=202320240SB253


How to measure impact?



Source: Techspot

https://www.techspot.com/guides/2641-measuring-power-guide/


Source: Building Green Software (2024, preview) by Anne Currie, Sarah Hsu, Sara Bergman

The perfect source of energy data for 
our software would be in real time 
and able to scope to the granularity 
you currently desired.

The perfect green metric

https://learning.oreilly.com/library/view/building-green-software/9781098150617/


The perfect green metric

References: Building Green Software (2024, preview) by Anne Currie, Sarah Hsu, Sara Bergman. “Why do estimates for internet energy consumption vary so drastically?” 
by Tom Greenwood. Green Software Practitioner by the Green Software Foundation. “Calculating Digital Emissions” on sustainablewebdesign.org.

Targets Carbon neutrality x% less emissions 90% less emissions Net zero Drawdown

Now 2050

https://learning.oreilly.com/library/view/building-green-software/9781098150617/
https://www.wholegraindigital.com/blog/website-energy-consumption/
https://learn.greensoftware.foundation/
https://sustainablewebdesign.org/calculating-digital-emissions/
http://sustainablewebdesign.org


The perfect green metric

CO₂e Energy Carbon  
Intensity

Embodied  
Carbon= ⅹ +

References: Building Green Software (2024, preview) by Anne Currie, Sarah Hsu, Sara Bergman. “Why do estimates for internet energy consumption vary so drastically?” 
by Tom Greenwood. Green Software Practitioner by the Green Software Foundation. “Calculating Digital Emissions” on sustainablewebdesign.org.

Targets Carbon neutrality x% less emissions 90% less emissions Net zero Drawdown

Now 2050

https://learning.oreilly.com/library/view/building-green-software/9781098150617/
https://www.wholegraindigital.com/blog/website-energy-consumption/
https://learn.greensoftware.foundation/
https://sustainablewebdesign.org/calculating-digital-emissions/
http://sustainablewebdesign.org


A good-enough green metric

Energy Carbon  
Intensity

Embodied  
Carbon= ⅹ +Software Carbon 

Intensity (SCI)

References: Building Green Software (2024, preview) by Anne Currie, Sarah Hsu, Sara Bergman. “Why do estimates for internet energy consumption vary so drastically?” 
by Tom Greenwood. Green Software Practitioner by the Green Software Foundation. “Calculating Digital Emissions” on sustainablewebdesign.org.

per Unit( )

Targets Carbon neutrality x% less emissions 90% less emissions Net zero Drawdown

Now 2050

https://learning.oreilly.com/library/view/building-green-software/9781098150617/
https://www.wholegraindigital.com/blog/website-energy-consumption/
https://learn.greensoftware.foundation/
https://sustainablewebdesign.org/calculating-digital-emissions/
http://sustainablewebdesign.org


A good-enough green metric

Targets Carbon neutrality x% less emissions 90% less emissions Net zero Drawdown

Now 2050

Energy Carbon  
Intensity

Embodied  
Carbon= ⅹ +Software Carbon 

Intensity (SCI)

Bytes

Cloud energy

CPU/GPU 
Usage Public data

PoP Locations Cloud hardwareBack-end

Front-end

kWh/GB

References: Building Green Software (2024, preview) by Anne Currie, Sarah Hsu, Sara Bergman. “Why do estimates for internet energy consumption vary so drastically?” 
by Tom Greenwood. Green Software Practitioner by the Green Software Foundation. “Calculating Digital Emissions” on sustainablewebdesign.org.

per Unit)(
Call

Page view

https://learning.oreilly.com/library/view/building-green-software/9781098150617/
https://www.wholegraindigital.com/blog/website-energy-consumption/
https://learn.greensoftware.foundation/
https://sustainablewebdesign.org/calculating-digital-emissions/
http://sustainablewebdesign.org


Measuring the Cloud

https://www.cloudcarbonfootprint.org/ 

https://www.cloudcarbonfootprint.org/


ecograder.com 

Measuring the Front-End

WebPageTest Carbon Control Statsy

websitecarbon.com  

CO2.js

sitespeed.io

http://ecograder.com
https://www.webpagetest.org/carbon-control/
https://statsy.com/features/carbon-control
http://websitecarbon.com
https://developers.thegreenwebfoundation.org/co2js/overview/
http://sitespeed.io
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Webpages 
keep getting 
heavier

Source: HTTP Archive, Aug 2013 - Sept 2023, no lens

Mobile

Desktop

https://httparchive.org/reports/page-weight?start=2013_09_01&end=latest&view=list
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Source: HTTP Archive, September 2022 - September 2023
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The Sustainable Web Design Model

Source:  “Methodologies for calculating website carbon” explainer by The Green Web Foundation; see also SustainableWebDesign.org

https://developers.thegreenwebfoundation.org/co2js/explainer/methodologies-for-calculating-website-carbon/
https://sustainablewebdesign.org/calculating-digital-emissions/


Data transfer is 
a (weak) proxy for CO₂e

More info: “Why We Don’t Report Website Carbon Emissions” by DebugBear (Oct. 31, 2023); 
“Why web perf tools should be reporting website carbon emissions” by Fershad Irani (Dec. 5, 2023)



1 MB image file 

Source: WebPageTest, Firefox Power Profiler

https://www.webpagetest.org/result/231019_AiDcKD_C28/
https://share.firefox.dev/46JTm7q


1 MB of JavaScript 

Source: WebPageTest, Firefox Power Profiler

https://www.webpagetest.org/result/231019_AiDcEC_C2A/
https://share.firefox.dev/46BEAzb


We need APIs 
that help us 
measure 
sustainability

Navigator = { 
    deviceAge: 2, 
    embodiedCarbon: 8, 
    // ... 
} 

PerformanceSessionTiming = { 
    totalTransferSize: 2220, // including request and response headers 
    totalTransferredJS: 750, 
    // ... 
} 

PerformanceMeasure = { 
    detail: { 
        cpuTime: 2342, 
        gpuTime: 366, 
        energyImpact: .66, 
        watts: 0.00014 
    } 
}



Info: Wikipedia

All models are wrong 
but some models are useful.

On models

George Box 
Statistician

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


The Impact Framework

Info: https://if.greensoftware.foundation/ 

https://if.greensoftware.foundation/


Info: https://if.greensoftware.foundation/ 

Use different 
models, working 
with the data 
you’ve got

https://if.greensoftware.foundation/






Start with the basics, 
focus on high-impact, 
add more granular 
data where possible



How to optimize?



Chrome Developer Tools 

More info: “Analyze runtime performance” at Chrome for Developers

https://developer.chrome.com/docs/devtools/performance






Firefox Power Profiler 

Info: https://profiler.firefox.com/ 

https://profiler.firefox.com/




Safari Web Inspector 







Watch out for infinite animations! 



Watch out for infinite animations! 



Watch out for infinite animations! 



Watch out for infinite animations! 



Where to go from here?



Green Software Practitioner courses by the Green Software Foundation and The Linux Foundation

Online Training

https://learn.greensoftware.foundation/


Source: climateaction.tech 

Online Community

http://climateaction.tech


Environment Variables podcast; Green IO podcast

Podcasts

https://podcast.greensoftware.foundation/
https://greenio.gaelduez.com/


Sustainable Digital Infrastructure Alliance; Green Software Foundation; The Green Web Foundation

Follow on Social

https://sdialliance.org/
https://greensoftware.foundation/
https://www.thegreenwebfoundation.org/


Let’s wrap it up…



Key Points

OPTIMIZE 

Debug memory leaks, 
JavaScript performance and 
excessive rendering work and 
animations

MEASURE 

Establish performance budgets

Measure and monitor 
performance

Try out the Impact Framework

BUILD SUSTAINABLY 

Only build what’s needed and 
delete what’s no longer needed

Use green hosts & cloud 

Ship less code, cache, compress, 
minify

Focus on performance and 
accessibility

Lazy-load and use façades  for 
what’s not immediately needed

Optimize media and images

Rely on HTML standards 
instead of JavaScript 
frameworks and libraries

AWARENESS 

ICT has an environmental cost

Software enables savings in 
other sectors, but it needs to do 
so sustainably

Talk to others about digital 
sustainability



Notes, Links, Slides: 
screenspan.net/talks/digital-sustainability/ 

Thanks!

http://screenspan.net/talks/digital-sustainability/

