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What do we have  
in common?
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🤔
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🕵 Investigate

🔧 Optimize
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We all work on the 
largest machine  
ever built.



The Internet 
Machine

Data Centers Networks Devices

Energy, 
Land, 
Water, 
Resources



What is our impact?



Waste
3 %

Cement & Chemicals
5 %

Ag, Forestry, Land Use
18 %

Energy Use
73 %

Global GHG 
Emissions by 
Sector

Source: ourworldindata.org/ghg-emissions-by-sector 

http://ourworldindata.org/ghg-emissions-by-sector


Global GHG 
Emissions by 
Sector

Waste
3 %

Cement & Chemicals
5 %

Ag, Forestry, Land Use
18 %

Energy Use
73 %

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

ICT 
2 - 4%

http://ourworldindata.org/ghg-emissions-by-sector
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


We need to shift how we consume on 
the planet, because we have 
exceeded the limits. 
David Obura, Coral Reef Expert

Source:  “The Scientists Watching Their Life’s Work Disappear”, New York Times, Oct. 26, 2023

https://www.nytimes.com/2023/10/26/magazine/extinction-species-scientists-climate-change.html


Digital is physical.



Digital is social.



Digital is human.

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



Make the web faster.
Our job:



Source: formulapedia.com

Business as usual?

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


Our biggest challenges

Too much energy use Too many devices



What we do already
Our biggest challenges

Too much energy use Too many devices

Compression,  
minification Caching Lazy-loading

Remove unused code Perf budgets

Audit 3P, use façadesReduce page weight Optimize media Support legacy, 
progressively



What we should avoid

Too much energy use Too many devices

“Shotgun” preloading Too many media 
formats

Tracking data without 
end-of-life

Our biggest challenges



What more we can do

Too much energy use Too many devices

Measure green metrics Green hosting / cloud Carbon awareness

a11y Environmental  
budgets

Cloud/ISP carbon data

Our biggest challenges



What more we can do
Our biggest challenges

Human behavior

Too much energy use Too many devices



What more we can do

Too much energy use Too many devices

Human behavior

Our biggest challenges



The Jevons Paradox 
Increasing efficiency  
enables increased use

Source: Wikipedia

Efficiency

Demand

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


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


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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https://screenspan.net/wsg


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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Too much energy use Too many devices

The biggest problems 
What more we can do

Human behavior
Green Software  

Training
Inform what not to 

build / what to delete
Raise awareness Help devise 

sustainability strategy Activism



Make the web faster.
Our job:



Make the web faster and greener.
Our job:

🕵 Investigate 🔧 Optimize📏 Mesure



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 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  
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
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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


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


Firefox Power Profiler 



Firefox Power Profiler 



Safari Inspector 



ecograder.com 

Front-end testing and monitoring

WebPageTest Carbon Control Speetals

websitecarbon.com  

CO2.js

sitespeed.io

http://ecograder.com
https://www.webpagetest.org/carbon-control/
https://speetals.com/monitor-your-websites-carbon-emissions/
http://websitecarbon.com
https://developers.thegreenwebfoundation.org/co2js/overview/
http://sitespeed.io


Missing 
APIs? 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 
    } 
}
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Let’s make the web 
faster and greener . 💪

Thanks! 
@SCREENSPAN
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