Making the Web
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Using the web to make the web green
Chris Adams, The Green Web Foundation



I'm Chris.

Green Web Foundation - tracking and accelerating the transition of
the web to green energy

Contact:
chris@thegreenwebfoundation.org
@mrchrisadams




Stats for 2019 compared to 2010:
12x as much traffic
1.5x the workloads
~1x the energy usage

Source - [EA, Global data centre energy demand by data centre type, 2010-2022, IEA, Paris (link)

We might think the carbon footprint has increased. It's likely that it has reduced slightly over the last 10 years (Malmodin 2018)


https://www.mdpi.com/2071-1050/10/9/3027
https://www.iea.org/data-and-statistics/charts/global-data-centre-energy-demand-by-data-centre-type-2010-2022

2010 2019 2022

194 TWh 200 TWh 201 TWh (projected)
Hyperscale Cloud
10 TWh
Non-hyperscale 18 TWh
Cloud 70 TWh 93 TWh
Traditional data
centres
69 TWh
166 TWh 69 TWh
AU 39 TWh

Source - [EA, Global data centre energy demand by data centre type, 2010-2022, IEA, Paris (link)

The cost of this efficiency is a less diverse ecosystem (Recalibrating global data center energy-use estimates, Koomey et al)


https://science.sciencemag.org/content/367/6481/984.abstract
https://www.iea.org/data-and-statistics/charts/global-data-centre-energy-demand-by-data-centre-type-2010-2022
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Tailoring software to New machine models Domain specialization
hardware features

— TheBottom
for example, semiconductor technology

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’,
reversing the historical trend.

As gains from hardware alone diminish, there is a greater need to work at the software layer too (link)


https://www.iea.org/digital/#section-5-1

Rapid.
Far Reaching.
Unprecedented.

Word for word guidance for policy makers from IPCC on the scale of changes needed (link)


https://www.ipcc.ch/2018/10/08/summary-for-policymakers-of-ipcc-special-report-on-global-warming-of-1-5c-approved-by-governments/
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More on the origins of the waves cartoons - ()


https://mackaycartoons.net/2020/03/18/wednesday-march-11-2020/

The internet is the biggest
machine in the world and
it mostly runs on fossil

fuels.
e




We are in a climate crisis
largely because we keep
burning fossil fuels, instead
of finding a path off them
I
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A way to think about greening digital infrastructure. See also, principles.green( )


http://principles.green

THE DIRECTORY COMPRISES 501 GREEN HOSTING COMPANIES
IN 62 COUNTRIES

As gains from hardware alone diminish, there is a greater need to work at the software layer too (link)


https://www.iea.org/digital/#section-5-1

as in green energy, and
greener material inputs.

For running computers.
And making computers.
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Website Carbon Calculator Get the badge! How does it work? FAQ

How is your website
impacting the planet?

Estimate your web page carbon footprint:

Your web page address

RIS m

By using this carbon calculator, you agree to the information that
you submit being stored and published in our public database.

The internet consumes a lot of electricity. 416.2TWh per year
to be precise. To give you some perspective, that's more than
the entire United Kingdom.

Website carbon - quick figures for the carbon footprint of a website ( = )


https://www.websitecarbon.com/
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Hurrah! This web page is
cleaner than dof web

pages tested

Only JoxilcReiRe{or) is produced every

time someone visits this web page.

Oh no, it looks like this web page uses
bog standard energy - ..l

Website carbon - quick figures for the carbon footprint of a website ( = )


https://www.websitecarbon.com/
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Hurrah! This web page is
cleaner than of web

pages tested
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someone visits this web page.

This web page appears to be running on
sustainable energy

Website carbon - quick figures for the carbon footprint of a website (

)
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https://www.websitecarbon.com/

0 p e n open data, open source & transparency.



The coach helps you find performance problems on your web page using web performance best
practice rules. And gives you advice on accessibility, privacy and best practices.

Coach score

Total score m

Performance score m

Privacy score m

Accessibility score m

Best practice score

Coach - like lighthouse, but for a web that’s good for more than just google (


https://www.sitespeed.io/

The sustainable web plugin #

We know using the internet means using electricity to power
servers. And because most of that electricity comes from
burning fossil fuels, it means every byte sent has a cost in
carbon as well as power. The sustainable web plugin combines
the latest in peer reviewed science and open data from the
Green Web Foundation to help you build greener, more
sustainable websites and applications!

We work out how much energy it takes to serve a site, then
work out how much CO2 is emitted to generate the power
needed that electricity, based on what information we have about where the power
comes from.

Building a more sustainable web with sitespeed and the green web foundation (link)


https://www.thegreenwebfoundation.org/news/how-to-build-a-more-sustainable-web-with-a-little-help-from-sitespeed-io/
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path  alexaDesktop v domain  en_wikipedia_org v page _wiki_Barack_Obama v browser = chrome v connectivity = cable v function = median v runs
sitespeedio @i

B8 Leaderboard BB Page timing metrics 58 Site summary
v Summary

Visual Metrics [median]

Total Transfer Size _ DOM Elements

1.156 ms

2021-01-13 07:00:00
Fully Loaded ‘

i Coach Score

} Hif [ performance privacy

HTML JavaScript

01/10 01/11 01/12 01/13 01/14 01/15 271 kB 224 kB

min max current

Add annotation

Tracking web perf stats with sitespeed and grafana
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All third party request by category

> Third Party History

v Axe violations (enable with --axe.enable)

Critical Serious Moderate

> Axe History

v Carbon emission (enable with --sustainability.enable)

Total C02 CO2 Per Page View CO2 First Party

v Errors
Console error and warnings Console error and warnings history

min max cument
— error 0 0 0

— waming 0o o 0

Tracking carbon stats with grafana and sitespeed
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Contributors 8
= README.md g & E . @ z

Green Cost Explorer - climate related spend analysis for
AWS Languages

all contributors |1 Javascript 100.0%

If you work in technology, it's reasonable to think that you have some respect for science.

[ package.json Update docs, add error for access credentials 11 months ago

And if you have some respect for science, then you'll understand why spending a significant chunk of your monthly
AWS bills on fossil fuel powered infrastructure isn't a thing we can afford to do anymore.

Because Amazon provide a helpful breakdown of which regions you use run on what they refer to as sustainable
power, and which ones do not, and because they provide a cost-explorer tool, you combine this information to get
an idea of where you might be spending money on fossil fuels without realising.

You can also just look at this nice cartoon. The ones which are notionally sustainable, have the green leaf next to
them:

We've contributor and innovation partner for the open source cloud carbon footprint tool (link



https://www.thegreenwebfoundation.org/news/how-to-build-a-more-sustainable-web-with-a-little-help-from-sitespeed-io/

&®, Cloud Carbon Footprint

Cloud Carbon Emissions Measurement and Analysis Tool

Understand how your cloud usage impacts our environment and what you can do about it

Cloud Carbon Footprint

Cloud Usage

Emissions Breakdown

greenhouse gas
emissions from

40,803

miles driven on

Try Now Docs

TRY NOW

Get to know the carbon
footprint of your cloud
usage - and reduce it

Cloud Carbon Footprint is an open source tool
that provides visibility and tooling to measure,
monitor and reduce your cloud carbon
emissions. We use best practice
methodologies such as :
to convert cloud utilization into estimated
energy usage and carbon emissions,
producing metrics that can be shared with

Contributing partner for Thoughtworks open source cloud carbon footprint tool (link)

Github

20


https://www.thegreenwebfoundation.org/news/how-to-build-a-more-sustainable-web-with-a-little-help-from-sitespeed-io/

Conventional compute load

Execution of compute tasks throughout the day, regardless of carbon impact
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How Google move compute loads through time to when energy is cheap and green (link)


https://blog.google/inside-google/infrastructure/data-centers-work-harder-sun-shines-wind-blows
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An example of an article A headlline that sums up An example of an article
headline title what we're all about headline title

chez Eve Sanchez

A video showing dramatic aerial
Jfootage of a solar panel field
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Lorem ipsum dolor amet, consectetur

scing elit. Pellentesque efficitur, eros

suscipit facilisis cursus, nulla erat sener

odio, nec inferdum turpis lacus nec e
Vestibuhum lacinia sit amet purus eu auctor.
Nam a nuncquis.com diam dictum lobortis.
Integer ultricies ac massa ac consequat. Nam
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Using grid intensity as a element of designs with Branch Magazine (
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adio, nee interdum turpis lacus nec erat

Vestibulum lacinia sit amet purus eu auctor.
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suscipit facilisis cursus, nulla erat semper
odio, nec interdum turpis lacus nec erat.
Vestibulum lacinia sit amet purus cu auctor.
Nam a nuncquis.com diam dictum lobortis.

Integer ultricies ac massa ac consequat. Nam

Lorem ipsum dolor amet, consectetur
adipiscing elit. Pellentesque efficitur, eros
suscipit facilisis cursus, nulla erat semper
odio, nec interdum turpis lacus nec erat.
Vestibulum lacinia sit amet purus cu auctor.
Nam a nuncquis.com diam dictum lobortis.
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http://branch.climateaction.tech

When we fetch data from servers, we rely
on routers to route it to the next ‘hop’
along the way, as well as from the origin
server.

This adds up - data transfer for the
internet uses around 250 TWh of
electricity each year - this is more than 220 =
Spain uses! 2k ¢ - N

origin server

T high
browser - gt Tigh

Also when routes pass through areas
where electricity mainly comes from

burning fossil fuels, we have a higher e
carbon footprint for this transfer.

Because most electricity globally is still Legend

generated by burning fossil fuels, these e Lt o | S e e i
emissions are hard to avoid with the & | ~y 4 B e e e
design Of the Current internet, ‘ I § g { B high carbon intensity - most electricity from burning fossil fuels



One way to reduce this is to use CDNs
to serve the same content from a

closer cache instead of fetching it from e
the origin each time.
This saves hops, and improves the ’
user experience making it feel faster.
If the nodes serving most of the traffic < " w o ’
are running where electricity is low T )& ¥ I , oy
carbon, we save carbon here too. "
Even if we can't cache everything, we )
can still serve most of our traffic from . e SV
greener sources reducing the overall X Lo TR
emissions. :
| N\




We can and should go further though.

If we know the carbon intensity of
energy on the grid, we can tailor the way
we serve traffic to match moments of
over-supply on sunny or windy days,
when energy is particularly cheap and
green.

As long as the nodes are close enough,
we can still serve quick responses, and
save hops reducing the carbon footprint,
but we also help actively balance the
grid, making it easier to integrate more
renewables into our energy system.

Even when some content can't be
cached, we can still optimise for the
greenest routes that serves the request
in time.

browser

< CDN-FRA-1

CDN-SE-1 /

high

;,‘«;7’;” "t

high

origin server



Ecoping CDN

Each node in the CDN is a SCION autonomous system (AS),
announcing local carbon intensity every 30 mins to other
nodes. Each AS contains a service that implements
S3-compatible key-value object storage.

When a request for a file comes in, the node with the lowest
carbon intensity able to serve the file in a set time limit
serves the file from its cache.

If the requested file isn't already cached, the node routes
through the SCION network to the closest point of presence,
to fetch from the origin server over the regular internet,
before caching it locally.

scion:
host: accelerated.mysite.com
file: cached-image.png

S

https:
host: accelerated.mysite.com
file: cached-image.png

https:

host: accelerated.mysite.com

file: uncached-image.png

Browser:
Requesting page
from origin server

()
scion:

host: accelerated.site.com

file: uncached-image.png

Ecoping CDN:

Geographically distributed
CDN, connected over carbon

aware SCION network

Origin server:
Accessible over
regular internet

https:
host: original.mysite.com
file: uncached-image.png

Scenarios :

1. Cache hit: file served from
== lowest carbon node with
requested file

2. Cache miss: file fetched from
origin server, routing through
SCION network along the
greenest path possible to a
nearby node, before making final
hops over ‘regular’ internet

Legend

low carbon intensity - very little electricity from fossil fuels
medium carbon intensity - some electricity from fossil fuels

high carbon intensity - most electricity from burning fossil fuels



Thanks!

thegreenwebfoundation.org
@ chris@thegreenwebfoundation.org

@mrchrisadams / @greenwebfound

Climate climateaction.tech

|
@ Action @climateActTech
.tech



