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

Production

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.
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the planet, because
exceeded the limits.
David Obura, Coral Reef Expert

Source: “The Scientists Watching Their Life’s Work Disappear”, New York Times, Oct. 26, 2023
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Our job:
Make the web faster.
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Our biggest challenges

Too much energy use Too many devices




Our biggest challenges
What we do already

Too much energy use Too many devices

Support legacy,

Reduce page weight Optimize media Audit 3P, use facades :
progressively

Compression,

inification Caching Lazy-loading

Remove unused code Perf budgets




Our biggest challenges
What we should avoid

Too much energy use Too many devices




Our biggest challenges

What more we can do

Too much energy use Too many devices

Measure green metrics  Green hosting / cloud Carbon awareness Cloud/ISP carbon data

Environmental

11
aty budgets




Our biggest challenges

What more we can do

Too much energy use Too many devices




Our biggest challenges

What more we can do

Too much energy use Too many devices

Human behavior




The Jevons Paradox
Increasing efficiency
enables increased use

Demand

Efficiency

Source: Wikipedia



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

The Jevons Paradox
Increasing efficiency
enables increased use

Laws,

taxes,
budgets,
restrictions

Demand

Efficiency

Source: Wikipedia



https://en.wikipedia.org/wiki/Jevons_paradox
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Senate Bill No. 253

European English Search
ﬂ Commission @ Eng

Business, Economy, Euro

CIAITER 382

An act 10 add Sectien 38532 to the Health and Safety Code. relating to
greenhouse zases, and making an appropriation therefor.
Finance

[Approved by Gavernor Octebher 72023 Filed with Secretacy
of Stute October 7,2025 )

Regulaticn, Financal SENL R Suslainable Digital Consumer Finencial
Home .. v v o v v v '
Supervision markets insurance finance finance finance crime

LEGISLATIVE COUNSEL'S DIGEST

SB 253, Wiener. Climate Corporate Data Accountability Act.
The California Global Warming Solntions Act o7 20006 requires the State

Air Resources Board to adopt regulations to require the reporting and
verification of staiewide greerhouse gas emissions and 10 monitor and

Corporate SUStainabi"ty repo I'tlng enforce compliance with the act. The act requires the state board to make

available, and npdate at least annvally on it internet wehsire the emissions

EU rules require large companies and listed companies to publish reqular reports on the social and of greenhouse gases, critecia pollutants, and toxie air contaminants for each
facility that ccports to the state board, as provided.

environmental risks they face, and on how their activities impact people and the environment. This bill would require the stats board, on or defore Jenuary 1. 2025, to

develop and adopt regnlations requiring specified partnerships, corporations,
limited ligbility companies, and other business entities with total annual
revenues m excess of $1,000,000,000 and that do business in Cal.fornia,

Home > Financial markels > Company reporting and auditing > Company raparting > Corparate sustainability reporting

PAGE CONTENTS What the EU is doi d wh defined as “reporting entities,” to publicly disclose to the emiss:ons reporting
at the IS doing and whny organization, 8 defined | and obtain an assurance engagement on, starting

What the EU is doing and why in 2026 on a date to be cetermined by the state board, and anrually thereafier,
FU law requires all large companies and all listad companies (sxcapt listed micro-enterprizes) to their scepe 1 and scope 2 grecahouse gas emissions, as cefined, and, starting

Policy making timeline disclose informalion on what thay see as tha risks and oppertunibes arising lrom soaal and in 2027 and annually thereefter, their scope 3 greenhouse gas emissions. as
environmental issues, and on the impact of their activities on people and the environment. defined. from the reporting eatity’s prior fiscal vear, as provided. The bill

Relavant lagislation would require the state board to review during 2029 and update as necessary
I'his belps invastors, civil seciely organisations, consumers and other slakeholders W evaluala the on or before Janaary 1, 2020, these deadlines to evaluate tiends in scope 3

Related links sustainakility performance of companies, as part of the Eurcpean green deal 43.. emissions reporting and 10 censicer chaanges 1 the deadlines, as provided.

The bill would require a reporting ertity 0 obtain an assurance engagement,

. - ¢ . performed by an independent third-party assurance provider, of the entity's

New rules on corporate sustainability reporting: The Corporate public disclosure as provided. The bill would require the state board, in
Sustainability Ranartina Diractive developing these regulations.  consul: with the Atorney Genera, other

government stakeholders, investors, stakeholders representing consumer
and envimrmental justice interests, and reporing entitias that have

demonstrated lecdership in full scope greenkouse gas emissions accounting
and pablic disclosure and greenhouse gas emissions reductons. The bill
would also require the state board to 2nsure thal the assurance proczss
minimizes the need for reporting ertities to engage multiple assurance
providers ard ensures sufficient assurance provider capacity, as well as
timely reporting implementation, as required. The bill would further require
the state board to corntrac: with an emissions reporting organization to

The EU’s Corporate Sustainability Reporting Directive (CSRD); California’s SB 253, the Climate Corporate Data Accountability Act (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
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Web Sustainability Guidelines (WSG) 1.0

Draft Community Group Report 10 October 2023

Latest published version:
https://w3c.github.io/sustyweb/

Latest editor's draft:
https://w3c.github.io/sustyweb/

Editors:
Alexander Dawson
Tim Frick (Mightybytes)
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GitHub w3c/sustyweb (pull requests, new issue, open issues)
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Sustainable Web Design

Supplements:
At A Glance

Quick Reference

Copyright © 2023 the Contributors to the Web Sustainability Guidelines (WSG) 1.0 Specification, published by the Sustainable Web Design
Community Group under the W3C Community Contributor License Agreement (CLA). A human-readable summary is available.

Abstract

Web Sustainability Guidelines (WSG) 1.0 covers a wide range of recommendations for making websites and
products more sustainable. Following these guidelines which utilize environment, social, and governance (ESG)
principles throughout the decision-making processes, you can minimize your environmental impact through a
mixture of user-centered design, performant web development, renewable infrastructure, sustainable business
strategy, and (with metrics) various combinations of those mentioned. It should be noted that these guidelines
will not address every possible mechanism or strategy to become sustainable, as such, these guidelines (which
are notably Web orientated and focused) should be seen as a starting point in a sustainability journey (coverage
does not extend for example to manufacturing or shipping of physical products). Following these guidelines will
often make Web content more accessible, usable, and performant as a by-product.


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

Web sustainability guidelines
High Impact, Low-/Medium Effort

UX Design Web Dev Dev Ops Strategy & Product Management

Number of Guidelines

Source: “Web Sustainability Guidelines: Getting Started” by Brian Louis Ramirez, based on Web Sustainability Guidelines, v1, 2023



https://screenspan.net/wsg

Web sustainability guidelines
High Impact, Low-/Medium Effort

UX Design Web Dev Dev Ops Strategy & Product Management

Number of Guidelines

Source: “Web Sustainability Guidelines: Getting Started” by Brian Louis Ramirez, based on Web Sustainability Guidelines, v1, 2023
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The biggest problems
What more we can do

Too much energy use Too many devices

Human behavior

Green Software Inform what not to : Help devise
Raise awareness

. . : Lt Activism
Training build / what to delete sustainability strategy




Our job:
Make the web faster.




Our job:
Make the web faster

Mesure



‘ Now ‘ 2050

Carbon neutrality |3 x% less emissions [ 90% less emissions | Net zero > Drawdown

Targets

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.



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

‘ Now ‘ 2050

Carbon neutrality |3 x% less emissions [3 90% less emissions | Net zero > Drawdown

Targets

Carbon Embodied

CO.e Energy X Intensity + Carbon

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.



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

‘ Now ‘ 2050

Carbon neutrality |3 x% less emissions [3 90% less emissions | Net zero > Drawdown

Targets

Software Carbon __ Ener Carbon Embodied Unit
Intensity (SCI) — ( 9Y X Intensity + Carbon ) per

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.



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

‘ Now ‘ 2050

Carbon neutrality |3 x% less emissions [ 90% less emissions | Net zero > Drawdown

Targets

_ Ener Carbon Embodied Unit
- ( 9y X Intensity + Carbon ) per
© Cowmem Pl Cowhwes G
Ui:ge Bytes Public data Page view
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.



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

Webpages
keep getting
heavier

3K
Desktop
Mobile
2K —

OK
ZAONIC 2014 ZAONES ZAONN 2017 ZAONRS 2019 2020 2021 2022 2023

Bytes

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



https://httparchive.org/reports/page-weight?start=2013_09_01&end=latest&view=list

1 MB image file

wait dns connect ssl html Js css image flash font video other JS Execution
I L — B | N | B | — —
Step_1 0.5 1.0 1.5 2.0 2.9 3.0 3.9 4.0 4.5 9.0
N 1
1. prototypes.scre...n.net - 1mb-image/ I 638 ms
2. prototypes.scre...rD0HE-unsplash. jpg Ll e 2100 ms
3. prototypes.scre....net - favicon.png | 286 ms
4. prototypes.scre....net - favicon.svg 280 ms
0.5 1.0 1.5 2.0 2.9 3.0 3.9 4.0 4.5 5.0
CPU Utilization I_W — T — —
Bandwidth In (0 - 9,000 Kbps)
L=
| [_]
Browser Main Thread
Long Tasks
! . | I
A MM_A-N - A

Source: WebPageTest, Firefox Power Profiler

Power: 0,62 mW
Energy used in the visible range: 14 uWh (0,006 mg CO,e)


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

1 MB of JavaScript

wait dns connect ssl html Js css image flash font video other JS Execution
I L — — N | B —
Step_1 0.5 1.0 1.5 2.0 2.9 3.0 3.9 4.0 _4.5 5.0
1. prototypes.screenspan.net - imb-js/ I 645 ms
2. prototypes.scre... - jguery-3.7.1.js . |670 ms
3. prototypes.scre... - jguery-3.7.0.Js 1006 ms
4. prototypes.scre... - jguery-3.6.4.Js . .0 1327 ‘ms
9. prototypes.scre... - jguery-3.6.3.Js n 1428 ms
6. prototypes.scre... - jguery-3.6.0.js . 1466 ms
7. prototypes.scre... - jguery-3.5.1.js 1505 ms
8. prototypes.scre... - Jjguery-3.9.0.Js 1951 ms
9. prototypes.scre... - jguery-3.4.1.js 1548 ms
10. prototypes.scre... - jguery-3.4.0.Js 1678 ms
11. prototypes.scre... - jguery-3.3.1.]s 1675 ms
12. prototypes.scre... - Jjguery-3.3.0.]s - 15820 ms
13. prototypes.scre... - jguery-3.2.1.js 1788 ms
14. prototypes.scre... - Jjguery-3.2.0.Js - 1877 ms
15. prototypes.scre....net - favicon.png 284 ms
16. prototypes.scre....net - favicon.svg | I | 279 ms
0.5 1.0 1.5 2.0 2.9 3.0 3.9 4.0 4.5 5.0
CPU Utilization
Bandwidth In (0 - 9,000 Kbps)
Browser Main Thread
Long Tasks

Source: WebPageTest, Firefox Power Profiler

Power: 0,85 mW
Energy used in the visible range: 60 uWh (0,026 mg CO.e)
ruver Mar


https://www.webpagetest.org/result/231019_AiDcEC_C2A/
https://share.firefox.dev/46BEAzb
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Firefox Power Profiler
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Power: 0,62 mW
Energy used in the visible range: 14 uWh (0,006 mg CO.e)
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Front-end testing and monitoring
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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? NaVig::c/(i)Ze:gi: 2,

embodiedCarbon: 8,
[/ &

PerformanceSessionTiming = {
totalTransferSize: 2220, // including request and response headers

totalTransferreddS: 750,
[/ o

PerformanceMeasure = {
detail: A
cpuTime: 2342,
gpuTime: 366,
energyImpact: .60,
watts: 0.00014
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https://www.andjoyce.com/
https://perfnow.nl/2022/photos?p=380

