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Hello!
I’m Chris. My background:

Loco2 - Low CO2 Travel in Europe by train

A.M.E.E (Avoid Mass Extinction Engine) - CO2
calculation as an API

Spend Network - direct public spending for net zero
Green Web Foundation - make the web green
Green Software Foundation - Policy WG chair
Branch Magazine - climate / tech magazine
Environment Variables - podcast on green software

Contact: chris@thegreenwebfoundation.org | @mrchrisadams



What we’ll cover today

1. Why the digital world is a physical one too

2. A framework to think about digital sustainability
- Consumption, Intensity, Direction

3. Applying the framework with some examples to
learn from @
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Why a digital
world Is a
physical one too




Digital services and their supply chain
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End user device usage Network transfer Datacentre usage
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. . . Powering core networks, Powering and cooling
Powe;rlrr:g end uss:d;wtces - laptops, workstations, mobile networks, servers
smartphones and tablets on-premise wifi and fixed
routers
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Production and disposal
Energy usage from making all of the above - processing raw

b b b silicon and other raw materials into integrated circuits,
batteries, metal casings, etc
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Source: https://developers.thegreenwebfoundation.org/co2js/overview/
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How big is tech’s carbon footprint?

Estimates vary, but
between 2% and 4% of
global carbon emissions is
safe to use.

GREEN WEB FOUNDATION | SSSSSS : https ://\Wwwv thegreenwebfoundation.org/publications/report -fog-of-enactment/ 7






NORTHERN JUSTICE
HADEIRA




The internet is the biggest
machine in the world, and
today, it mostly runs on
fossil fuels.
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Can we change
this?
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A framework to think about
digital sustainability:
Consumption, Intensity,
Direction




A model for thinking about digital
sustainability - CID

Consumption

Can | change
how much we
need?

Intensity

Direction

Can | change
how much harm
is done?

Can | change
where we are
headed?
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A model for thinking about digital
sustainability - CID

Consumption

Can | change
how much we
need?
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Carbon Dioxide Emission Scenarios for 1.5 °C of Warming
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Future Scenarios for 1.5 °C
40— In pathways limiting global warming to 1.5°C
| with no or limited overshoot as well asin
pathways with a high overshoot, CO2 emissions

30 - are reduced to net zero globally around 2050.
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Image: Dr. Robert Rohde / Data: Global Carbon Project & IPCC
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https://twitter.com/RARohde/status/1596797941557366784

k¢ the Paris Agreement will require
the information and
communication technology (ICT)
iIndustry to reduce greenhouse
gas (GHG) emissions by 45 per
cent from 2020 to 2030

2020 - ITU, GeSl, GSMA & SBTI set science-based pathway in line with Paris
Agreement - ICT industry to reduce greenhouse gas emissions by 45 per cent by 2030

GREEN WEB FOUNDATION | Source: https://www.itu.int/en/mediacentre/Pages/PR04-2020-ICT-industry-to-reduce-greenhouse-gas-emissions-by-45-percent-by-2030.aspx



https://www.itu.int/en/mediacentre/Pages/PR04-2020-ICT-industry-to-reduce-greenhouse-gas-emissions-by-45-percent-by-2030.aspx

How are we doing so far?

2015
Internet users 3 billion
Internet traffic 0.6ZB
Data centre workloads 180 million
Data centre energy use (excluding crypto) 200 TWh
Crypto mining energy use 4 TWh
Data transmission network energy use 220 TWh

2021

4.9 billion

3.4ZB

650million

220-320 TWh

100 - 140 TWh

260-340 TWh

Change

+60 %

+440 %

+ 260 %

+ 10-60%

+ 2,300 - 3,300%

+20-60%

GREEN WEB FOUNDATION Source: https://www.iea.org/reports/data-centres-and-data-transmission-networks



https://www.iea.org/reports/data-centres-and-data-transmission-networks

Technology

Opportunity

Examples

Performance gains after Moore’s law ends. In the post-Moore era, improvements in computing power will
increasingly come from technologies at the “Top™ of the computing stack, not from those at the “Bottom’,

The Top

01010011 01100011
01101001 01100101
01101110 01100011
01100101 00000000

Algorithms

el

Hardware architecture

Software performance
engineering

Removing software bloat

Tailoring software to
hardware features

New problem domains
New machine models

Processor simplification
Domain specialization

~— TheBottom

reversing the historical trend.

for example, semiconductor technology

GREEN WEB FOUNDATION
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A model for thinking about digital
sustainability - CID

Intensity

Can | change
how much harm
is done?

GREEN WEB FOUNDATION



High carbon intensity

Mining coal, burning it to
create steam, to turn
turbines to generate
electricity.

Typical carbon intensity:
~1001g CO2eq/ KWh

Source: NREL: Life Cycle Emissions Factors for Electricity
Generation Technologies




Lower carbon intensity

Harvesting energy to
generate power directly.

Typical carbon intensity:
~57g CO2eq/KWh

Source: NREL: Life Cycle Emissions Factors for Electricity
Generation Technologies




Emissions intensity

gCO2e per kWh
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Hungary electricity generation by source
Terawatt hours

B wind [ Solar M Bioenergy Other Renewables Hydro [l Nuclear M Other Fossil
B Gas H Coal
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A model for thinking about digital

sustainability - CID

Direction

Can | change
where we are
headed?

GREEN WEB FOUNDATION
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Digital as a lever on climate

Increase
emissions

Reduce
emissions

Direct effect Indirect effect

Induce polluting

Use more digital activity, invest in and
services, do more work

support polluters

Use cleaner Induce sustainable
services, use digital activity, fund carbon
more efficiently removal etc.

GREEN WEB FOUNDATION
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25


https://papers.ssrn.com/abstract=4459526

Ride halling as an example

Increase
emissions

Reduce
emissions

Direct effect Indirect effect

Buy more servers to
coordinate drivers

GREEN WEB FOUNDATION

Source: Original paper - Assessing Energy and Climate Effects of Digitalization: Methodological Challenges and Key Recommendations
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https://papers.ssrn.com/abstract=4459526

Ride halling as an example

Increase
emissions

Reduce
emissions

Direct effect Indirect effect

Buy more servers to
coordinate drivers

Run servers on
clean energy, use
greener coding
techniques

GREEN WEB FOUNDATION

Source: Original paper - Assessing Energy and Climate Effects of Digitalization: Methodological Challenges and Key Recommendations
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https://papers.ssrn.com/abstract=4459526

Ride halling as an example

Direct effect Indirect effect

Buy more servers to

'“cfea? e coordinate drivers
emissions
Run servers on
Reduce clean energy, use Reduce need to own cars.
emissions greener coding Fewer cars need to be built.

techniques

GREEN WEB FOUNDATION Source: Original paper - Assessing Energy and Climate Effects of Digitalization: Methodological Challenges and Key Recommendations
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Ride halling as an example

Increase
emissions

Reduce
emissions

Direct effect Indirect effect

Cheap and convenient ride
hailing means more miles
driven in total.

Buy more servers to

coordinate drivers

Kills off alternatives to cars

Run servers on

clean energy, use Reduce need to own cars.
greener coding Fewer cars need to be built.
techniques

GREEN WEB FOUNDATION

Source: Original paper - Assessing Energy and Climate Effects of Digitalization: Methodological Challenges and Key Recommendations
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https://papers.ssrn.com/abstract=4459526

What’s the carbon footprint of that oil and gas contract?

Reported corporate emissions for 2019, compared to estimated

annual e

missions from single oil and gas contract

Microsoft
Microsoft's contract - - -
with ExxonMobil |::
I T T ; . T T T T T 1
0 2 4 6 8 10 12 14 16 18
Annual CO2e - millions of
tonnes

GREEN WEB FOUNDATION

Source: https://nextjournal.com/greenweb/whats-the-carbon-footprint-of-that-oil-and-gas-ai-contract
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Using the framework
to think about actions
we might take




¥

Consumption

Can | change how
much we need?




Emerging sustainable software standards

> o o

\ t Go Bookmarks Tools Settings Help

{M Browse = AJ] Text Selection ] Zoom Out | 66% v| g ZoomIn >

| "‘
www.lauer-engel.de/U221 5

- energy efficient

+ Save resources

« transparent interfaces

T . I———
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Measuring carbon with CO2.js

We publish CO2.js, an =
open source software Lw‘iwCarboncontm'm _:—., =
library to help make
sustainability

calculations | e

transparent, QR =
consistent and e

compatible in
software.

sa
asznaljuy,. kk°" ha okosap,

Teszteljr 5,
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Co2- k‘bocsa( e 'Omerer autézs
Ssal ér fel honlap
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Intensity

Can | change how
much harmis d




Common strategies for improving
carbon intensity of digital services

1. spatial migration: move
workloads through space to
where more clean energy is on
the grid

2. temporal migration: move
workloads through time to when
more clean energy is on the grid

GREEN WEB FOUNDATION |
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Move work through space

&« (@] QO 8 https:/fapp.greenweb.org/directory/?services=&country=DE B 9% 822 + W D LY o6 & H =

@H Dutiis DHome [ creeningdigital (Dcat D 1ewr [Dpse (D rFmceema [Dchats [ subac [[J stutf for chris | Trello (DM (D 6sF Q) evbocs API Docu ® Webmaill.34sp.com > [ other Bookmarks

Be kind, we're still in

GREEN WEB Dirsotory

& FOUNDATION

Previous Directory

I'm looking for

Green web hosting service: Country:

Platform: Managed \Wordpress Hosting Germany
- Hiamu
Heard Island and McDonald Islands
Holy See
Honduras
E ABOUT THIS DIRECTORY (O Hong Kong
The Green Web Directory is a searchable list which enables people to quickly find verified Hungary

green hosting companies. These are organisations that offer hosting services and can Iceland

demonstrate they are taking steps to avoid, reduce or offset the greenhouse gas emissions India

Indonesia
Iran

caused by using electricity to provide their services. To become verified they share evidence
with us, Green Web Foundation, to show they're doing this on a yearly basis, or better.

Verification is free.

GREEN WEB FOUNDATION Source: https://app.greenweb.org/directory/
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Green energy - annual vs hourly

FIG. 2

Hourly carbon-free energy performance at an example data center

While Google buys large amounts of wind and solar power (symbolized by green spikes
below), these resources are variable, meaning that our data centers still sometimes rely
on carbon-based resources.

JAN 1 Carbon-free energy supply DEC 31

Gaps in carbon-free energy

Data Center
Electricity
Demand

GREEN WEB FOUNDATION Source: https://www.google.com/about/datacenters/cleanenergy/
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Move work through time

If you know when energy is cleaner,
then you can choose to charge

things when the energy is cleaner
too.
Apple do this with phones now, but

you can do this with anything that
uses electricity.

GREEN WEB FOUNDATION | Source: https:/www.google.com/about/datacenters/cleanenergy/
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Direction

Can | change whe
we are headed?




0
The Green Web Foundation

IS working towards a fossil-
free internet by 2030.

The internet should be a global public good—healthy for
the planet and for the people who use it.

EEEEEEEEEEEEEEEEEE



Ambitious corporate targets (cont

Google Data Centers Q

Locations  Innovations  Dataand Security  Efficiency = 24/7 CleanEnergy  Gallery Life@ Podcast Discover FAQ

24/7 Carbon-Free Energy by 2030

Over the past decade, Google purchased more renewable energy than any other company, based on cumulative renewable

electricity purchased in megawatt-hours from 2012 t0:2021. Now, as we enter our third decade of climate action, we're targeting

our most ambitious sustainability goal to date: we intend to run on 24/7 carbon-free energy (CFE) — everywhere, at all times.. And

we aim to do it by 2030.

GREEN WEB FOUNDATION Source: https://www.google.com/about/datacenters/cleanenergy/ 42



Ambitious corporate targets (cont)

Microsoft’s new 100/100/0 commitment by 2030

HRERO

electric Th / Zero carbon
nsumption the time nerc ; urchases

GREEN WEB FOUNDATION Source: https://blogs.microsoft.com/bIog/2021/O7/14/made—to—measure—sustainabiIit\/—commitment—progress—f+d48pdates



Building targets into your governance

PENINSULA
Y’ CLEAN ENERGY

OUR PATH TO 24/7 RENEWABLE ;
ENERGY BY 2025 :

Source: https:/www.peninsulacleanenergy.com/wp-content/uploads/2021/11/\INhitepaper-OUR-PATH-TO-247-RENEWABLE-ENERGY- BY—2025.pdTi 44



Digital as a lever on climate

Increase
emissions

Reduce
emissions

Direct effect Indirect effect

Induce polluting

Use more digital activity, investin
services, do more work and support
polluters
Use cleaner Induce sustainable
services, use digital activity, fund carbon

more efficiently removal etc.
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Publicly setting direction as a creative
‘CommsDeclare [ e = |

Declare | declare my work as a communicator

will not support any

' L]
I t S t I m e fo r activities, organisations or individuals

that promote:

Com municato rS to o the growth of fossil fuels

o the continuation of high greenhouse
CO m e C I e a n . gas pollution as ‘business as

usual’

o deception, distraction or spin around

science or climate actions.

— Declare Now

Source: https://commsdeclare.org/declare/



https://commsdeclare.org/declare/

Sticks as well as carrots

CommsDeclare

F-List

Polluter-
friendly
agencies

An agency is only as good as its clients. These agencies are

helping companies involved in fossil fuels.

See the global 2023 F-list at

Menu —

Atomic 212 -

JPG Advisory -
Atomix -

JWS Research -
Australian Public
Affairs (Havas) -
Barton Deakin (WPP) -

Marketforce

(Clemenger

group/Omnicom) -

Bastion - X

Glencore,
Marketforce North

(Clemenger

Source: https://commsdeclare.org/declare/
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RECAP

GREEN WEB FOUNDATION
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A model for thinking about digital
sustainability - CID

Consumption

Can | change
how much we
need?

Intensity

Direction

Can | change
how much harm
is done?

Can | change
where we are
headed?

GREEN WEB FOUNDATION

49



Finding a community to help you



https://climateAction.tech

Thanks!

If you want know more: we publish open source
code and open data in this field, and share our
research on our blog and in open libraries in Zotero

https://www.thegreenwebfoundation.org/brand-festival-2023/

Chris Adams , @mrchrisadams / @mrchrisadams@mastodon.social

chris@thegreenwebfoundation.org

GREENWEBFOUNDATION.ORG



