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We are in a climate crisis
largely because we keep
burning fossil fuels,

instead of finding a path
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A Roadmap for the Global Energy Sector

Flagship report — May 2021
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The International Energy Agency is the leading authority for the energy sector( )


https://blogs.microsoft.com/blog/2022/03/10/working-toward-a-net-zero-future-evolving-our-work-with-energy-companies/
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" No new unabated
coal plants approved
for development

No new sales of
fossil fuel boilers

2025

2030

Universal energy access

All new buildings are
zero-carbon-ready

60% of global car sales
are electric

Most new clean technologies
in heavy industry
demonstrated at scale

1020 GW annual solar
and wind additions

Phase-out of unabated coal

in advanced economies

2035

Most applicances and
cooling systems sold
are best in class

50% of heavy truck sales
are electric

No new ICE car sales

All industrial electric motor
sales are best in class

Overall net-zero emissions
electricity in
advanced economies

2040

50% of existing buildings
retrofitted to
zero-carbon-ready levels

50% of fuels used
In aviation are
low-emissions

Around 90% of existing
capacity in heavy
industries reach end
of investment cycle

Net-zero emissions
electricity globally

Phase-out of all
unabated coal and oil

2045

50% of heating demand
met by heat pumps

2050

More than 85%
of buildings are
zero-carbon-ready

More than 80% of heavy
industrial production
is low-emissions

Almost 70% of electricity
generation globally
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https://blogs.microsoft.com/blog/2022/03/10/working-toward-a-net-zero-future-evolving-our-work-with-energy-companies/

Why we need a fossil free internet

Save carbon - climate emergency, remember?

Save lives - 5m+ avoidable deaths / year from poor air
quality globally, primarily from burning fossil fuels

Save money - fossil fuels are expensive with volatile
prices

Improve retention among staff - ppl @ greener
firms




What we'll cover together...

1. Why we need a fossil free internet
2. Qualities of a fossil free internet
3. Making the case for a fossil free
Internet

RIPE 84 - @mrchrisadams



What does a fossil

free internet look
like?




A fossil free internet
looks like GOLD

Green
Open
L ean
Distributed




Green energy, and
greener material inputs
For running computers
For making computers

Green




Fossil energy versus green, non-fossil energy

You dont have control over what
othere feed into the grid.

Gas

If you know the mix qoing into the grid,

you can al least account for it.

Wind

Solar




Climate Impact by Area

Ranked by carbon intensity of electricity consumed
(gCO,eq/kWh)
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Found bugs or have ideas? Report them here.
Like the visualization? We'd love your feedback!

Anything unclear? Check out our frequently asked
questions.
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Accounting for fossil fuel energy

..................................

B ————

Coal

e

Wind

IF You know how much foscil enerqy you have uced, You can at
least match that green energy you put into the grid.

Moct green energy cold ic balanced like this a yearly basis.

This makes the grid greener for everyone over time.




Result of the green web check —
greengeeks.com is hosted green!

Congratulations! The website is hosted green.

This hoster is using green energy / compensation for its services.

Hosted by: GreenGeeks LLC

Supporting evidence for the hoster's claims

o 2020 Green Energy Certificate - RECs

o 2021 Green Energy Certificate - RECS

Is this your website? Implement this badge on your website and show the world you are green.

Save this image or use the code below to implement this badge on your website.

GREEN WEB
FOUNDATION

is green hosted by GreenGeeks LLC.



Annual figures vs hourly figures

Capacity factors for wind power production in Denmark

100 Yearly 100 Monthly
An average of ~30 % per year
does not mean wind turbines are
constantly producing at 30 %« WL/V\\\/\”/\/\JJ\VW
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Charts from Bo Tranberg, Entolabs |


https://twitter.com/BoTranberg/status/1347623339569934342

Figure 4: Distribution of ICT's carbon footprint (2015)

B Embodied emissions Operation

User devices

Networks

Data centers

0 100 200 500

Mt CO2-eq

Ericsson - A quick guide to your digital carbon footprint (
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https://www.ericsson.com/en/reports-and-papers/industrylab/reports/a-quick-guide-to-your-digital-carbon-footprint

Open data, open source,
transparency

Open
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Dell U2413HC Monltor Workplace Monltor December 2018 EU 6 https://l.dell.com/sites/csdocuments/CorpComm_Docs/en/carbon-footprl...
Dell U2419HX Monltor Workplace Monltor December 2018 EU 6 https://l.dell.com/sites/csdocuments/CorpComm_Docs/en/carbon-footprl...
Dell U2421E Monltor Workplace Monltor August 2020 EU 6 https://www.delltechnologles.com/asset/en-us/products/electronics-and-...
Dell U2421HE Monltor Workplace Monltor Aprll 2020 EU 6 https://www.delltechnologles.com/asset/en-us/products/electronics-and-...
Dell U2422H Monltor (without stand) Workplace Monltor March 2021 EU 6 https://wwwi.delltechnologles.com/asset/en-us/products/electronics-and-...
Dell U2422H Monitor Workplace Monltor March 2021 EU 6 https://www.delltechnologles.com/asset/en-us/products/electronics-and-...
Dell U242ZHE Monitor Workplace Monltor March 2021 EU 6 https:/fwww.delltechnologles.com/asset/en-us/products/electronics-and-...
Dell U2422HX Menitor Workplace Monitor March 2021 EU 6 https://www.delltechnologles.com/asset/en-us/products/electronics-and-...
Dell U2720Q Monitor Workplace Monitor February 2020 EU 6 https://www.delltechnologles.com/en-us/ceollaterals/unauth/data-sheets/p...

GWP by equipment Custom values

7 26 0 kg CO 2eq You can vary the lifespan and choose a region of use for the

selected equipment to see, on the graph, how this affects the
overall impact and especially the distribution by phase of the
life cycle.

Dell PowerEdge R630

As an example, you can compare the impacts of using a
server in France with those of using it in Poland.

Region
Use default value

refines electrical impact

Lifetime
4 C  years

applied to selected devices

Calculate

B Scope 2 : 5968 kgCO2eq (use phase)
EE Scope 3 : 1292 kgCO2eq (manufacturing, transport and end-of-life phases

Boavista - open data on embedded environmental impact in hardware - dataviz (



https://www.ericsson.com/en/reports-and-papers/industrylab/reports/a-quick-guide-to-your-digital-carbon-footprint
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Boavista - dataviz (



https://www.ericsson.com/en/reports-and-papers/industrylab/reports/a-quick-guide-to-your-digital-carbon-footprint

if we can annctate IP data with spen arbon intencity data...

GET api/v3/ip-to-co2intensity/85.17.184.227

RIPE NCC - Carbon Aware Internet Community Project (link)


https://www.ripe.net/support/cpf/ripe-ncc-community-projects-fund

..then we can optimice the internet for carbon too, and build new services

{
"checked 1p": "85.17.184.227",
"country name": "Netherlands",
"country code iso 2": "NL",
"country code iso 3": "NLD",
"carbon intensity type": "avg",
"carbon intensity grams per kwh": 388.186,
"generation from fossil": 69.84%,
"year": 2021,

}

https://api.thegreenwebfoundation.org/api/vd/ip-to-co2intensity/129.132.114.77


https://api.thegreenwebfoundation.org/api/v3/ip-to-co2intensity/129.132.114.77

Google's new cloud region picker (link)


https://cloud.google.com/blog/topics/sustainability/google-cloud-region-picker-helps-you-make-the-green-choice?utm_source=twitter&utm_medium=unpaidsoc&utm_campaign=FY21-Q2-Google-Cloud-Blog&utm_content=carbon-region&utm_term=-&linkId=116703550
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Why burn gas when you
have hot servers nearby?

3



Making power we do
use, count




Eco certification for code in Germany with Blue Engel and
SoftAWERE

,

Okular v A Q

Go Bookmarks Tools Settings Help

@ Browse A] Text Selection A | 4 |of 13 Vv '] Zoom Out | 66% v | 5 ZoomIn D

www.blauer-engel.de/uz215 :

» enerqy efficient
+ Save resource

« ransparent Interfaces

Okular, the first ever eco-certified computer program. Open source, from KDE( )


https://eco.kde.org/blog/2022-03-16-press-release-okular-blue-angel/
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https://eco.kde.org/blog/2022-03-16-press-release-okular-blue-angel/

Getting off Diesel with Project SIESMIC in offgrid locations (link)


https://research.facebook.com/blog/2021/05/how-facebooks-project-seismic-helps-bring-greener-telecom-infrastructure/
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Project SEISMIC: Smart Energy Infrastructure for Mobile Internet Connectivity (link)


https://research.facebook.com/blog/2021/05/how-facebooks-project-seismic-helps-bring-greener-telecom-infrastructure/

Move work through time
and space to avoid
carbon emissions

Distributed



Can baking wait?

We recommend baking when more than a third of Britain’'s
electricity is coming from wind, solar and hydro power - right now,

between 15:00 - 15:30, it's 17% *

Follow the forecast on Twitter or ask - Alexa, should | bake?

The baking forecast

Here's the baking forecast for 29th - 2nd October

Show only the good times to bake

Today
Afternoon

Today

Evenin
g 18 19 20 21 22 23

Wednesday -
Morning



Carbon aware websites

Shifting work through time to use greener energy
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Carbon aware datacentres



Conventional compute load

Execution of compute tasks throughout the day, regardless of carbon impact

MIDNIGHT MORNING NOON AFTERNOON EVENING

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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the price of energy is increasingly linked to renewable generation and availability of transmission (



https://twitter.com/shelbywebb/status/1523774146496319488

Carbon aware routing

Path preferences for the green routes with
SCION



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 &

SEINVEL,

This adds up - data transfer for the ' . 4
internet uses around 250 TWh of L
electricity each year - this is more than <
Spain uses!

Also when routes pass through areas AT

where electricity mainly comes from 3
burning fossil fuels, we have a higher
carbon footprint for this transfer. "

Because most electricity globally is still
generated by burning fossil fuels, these
emissions are hard to avoid with the
design of the current internet.
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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
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One way to reduce this is to use CDNs &
to serve the same content from a @ L I
closer cache instead of fetching it from g O
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This saves hops, and improves the
user experience making it feel faster. 4 |

origin server
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: : CDN-DE-1

If the nodes serving most of the traffic T :
are running where electricity is low e ‘
carbon, we save carbon here too. |

Even if we can't cache everything, we A
can still serve most of our traffic from

greener sources reducing the overall
emissions. = y

Legend
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medium carbon intensity - some electricity from fossil fuels

high carbon intensity - most electricity from burning fossil fuels
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We can and should go further though.

If we know the carbon intensity of ‘ ﬁ P
energy on the grid, we can tailor the way ) " R
we serve traffic to match moments of &

over-supply on sunny or windy days, fe P A4
when energy is particularly cheap and "
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As long as the nodes are close enough, ) oz
we can still serve quick responses, and < - <. |
save hops reducing the carbon footprint, s e
but we also help actively balance the e

grid, making it easier to integrate more

renewables into our energy system.
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Encouraging: Early Results

» Based on simulations of a real-world Internet topology with the 2000 largest autonomous systems, path
selection offers lower CO,, paths for most end-to-end paths: 50% of autonomous system pairs can reach

each other through a path that emits at least 50% less CO, than the path in today's Internet

22.0% mm BGP

20.0% s SCION green beaconing
18.0%
16.0%
14.0%
12.0%
10.0% §
8.0%
6.0%

Percent of AS pairs

2.0%%

0.0% ——
0 400 800 1200
CO, emission (g/TB) of the path between each two ASes

ETH:zurich 2

simulated CO2 savings from using SCION, a suite of path aware networking techologies (


https://mailchi.mp/90a73969ba79/scion-newsletter-6498016

If you want green, think
GOLD

Green
Open
L ean
Distributed




What we've covered together...

1. Why we need a fossil free internet
2. Qualities of a fossil free internet
3. Making the case for a fossil free internet

RIPE 84 - @mrchrisadams



Why you might want a fossil free interet

Save carbon - climate emergency, remember?

Save lives - 5m+ avoidable deaths / year from poor air
quality globally, primarily from burning fossil fuels

Save money - fossil fuels are expensive with volatile
prices

Improve retention among staff - ppl @ greener
firms




“A recent survey of 1,200 companies across
six countries showed that, of
those sourcing renewables, 92% are doing
so In order to reduce electricity costs.”

Re-Source: Introduction to Corporate Sourcing of Renewable Electricity in Europe, 2020 (link)

Re-Source: Introduction to Corporate Sourcing of Renewable Electricity in Europe( )


https://resource-platform.eu/wp-content/uploads/files/statements/RE-Source-introduction-to-corporate-sourcing.pdf
https://resource-platform.eu/wp-content/uploads/files/statements/RE-Source-introduction-to-corporate-sourcing.pdf

Roller coaster ride
EU coal and gas prices versus levelised cost of German solar PV plus batteries
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Source: IRENA, ICE, TransitionZero O TransitionZero

Fuel Switching 2.0: Carbon Price Index for Coal-to-Clean Electricity (



https://www.transitionzero.org/blog/fuel-switching-coal-to-clean

If groups of individuals can crowdfund wind turbines for lower bills,
why can't we?
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Buy a share of a wind farm, in exchange for predictable, lower prices, and a nice warm feeling (


https://twitter.com/SpeakSarahSpeak/status/1504147920576294912

| This talk with all the links
Thanks- thegreenwebfoundation.org/ripe84

Get in touch for training, consultancy and
registering your green services:
chris@thegreenwebfoundation.org
@mrchrisadams, @greenwebfound

@ Online community for climate aware
technologists - https://climateAction.tech

ClimateAction.tech


https://climateaction.tech

