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Optimising for cost and carbon with carbon-aware software design
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Hello!
I'm Chris. My background:

Loco2 - Low C02 travel in Europe by train

A.M.E.E (Avoid Mass Extinction Engine) - CO2 calculation as an API
Icebreaker One - data infrastructure for a net zero future

Spend Network - public spending analysis for net zero

Green Web Foundation - make the web green

ClimateAction.tech - largest community online of technologists
transition into climate

Get in touch:
chris@thegreenwebfoundation.org, @mrchrisadams everywhere else



mailto:chris@thegreenwebfoundation.org

What we’ll cover...

Trends in the layers above, and below the datacentre -
trends in software design, and trends in energy markets

Our two main levers - efficiency and carbon intensity

Green, Open, Lean, Decentralised (GOLD) - a way to think
about decarbonising digital



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

of finding a path off them
.




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

on fossil fuels.
e EEEEE—




Grokking the grid

Just enough on electricity market design to help you
see cloud differently



Cost of per KwH of generation

Expengive up front.,
but celle volume, at
low price into market.
Slow to romp up and

down.

Slighter facter to
ceale power output,
but each extra unit

of power more costly

\

Coal

Nuclear

Marginal cost of energy
Where the power for digital infrastructure comes from

Fossil Gas

Fast to ccale up and
down. [Higher coct per
unit generated.
Turned on at high

demand

/

Total system load



Cost of per KwH of generation

Marginal coct ic

effectively zero
(no fuel to burnl)

Marginal cost of energy

Nuclear

Coal

Fossil Gas

Total system load



Cost of per KwH of generation

Marginal coct ic
effectively zero

(no fuel to burnl)

Marginal cost of energy

Nuclear

Coal

Fossil
Gas

Loads up on power
when cheap. Selle

when power

expen Qive.

Total system load



A recent survey of 1,200 companies across Six countries
showed that, of those sourcing renewables, 927% are
doing so in order to reduce electricity costs

Renewable Energy Buyer's Toolkit
http://resource-platform.eu/toolkit/



http://resource-platform.eu/toolkit/

Fossil energy versus green, non-fossil energy

Vou don't have direct control over what

Gas
othere feed into the grid.

IF you know the mix going into the grid,

you can at leact account for it.

Wind

Thic enerqy comee from the wind and

cun. No carbon more carbon emiccione

Solar
From burning fuell
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Cost per unit of
compute

A

A

More pricey for came

performance, but

eacier to cpin [up and

down.

Expencive up front,
but if uced all the
time, cheaper in long

run. Hard to ccale

a,b/ down /

Bare metal

Pricier ctill, but you
literally have a clider
For ccaling up/down.

N

Moct expencive per requect. But

you only ever pay per requect, and
the platform ccales for you.

Z

Heroku,
Platform- as-a-

Virtual private
server

service

Functions as a
Service, etc.

Degree of
abstraction



‘many workloads are spiky or drop to zero for extended
periods... applications used in the workplace may only be
active for 40 of the 168 hours in a week.”

Adrian Cockroft
@adrianco: AWS, ex Netflix



Lessons from other fields

The power of POUR in the accessibility movement.



Perceivable
Operable
Usable

Robust
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The idea is to create a POUR web
site, so to speak. The pun may be a
bad one, but if it helps developers
memorize the principles, then it has
served Its purpose.



https://webaim.org/articles/pour/
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Supreme Court hands victory to blind
man who sued Domino’s over site
accessibility

FLUBLISHED MOM, OCT 7 2049940 AM EDY | UPOATED TUR, OCT B 30M0.6:3% PM t0Y

Tucker Miggins
AITUCKEEMIGdaNS LRTRLING

ATUCHERNIGOING

v § W in &

TRENDING NOW
KEY * The Supreme Court denied a petition from plzza giant Domina's on Monday 1o hear
POINTS whether its website is required to be accessible to the disabled, leaving in place &
lower court decision against the compary.

GM to invest more than
$2 billion In US,

manufacturing to
" incresse edectric vehicle
* The case was originally brought by a blind man named Guillermo Robles, whe sued production
the pizza chain after he was unable to order food on Domino’s website and mobile
app pite using screer g software.

Biden's tax plan could
boost tax rates to 62% for
some New Yorkers and
Californians, studies

The decision not to grant the case is a loss for the company and a win for disabiity
advocates, who have argued that if businesses do not have to maintain accessible

Accessibility and inclusive design as a way to avoid risk (
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Policy paper

Greening government: ICT and digital
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Commendation by the Senior Responsible
Owner

ICT and digital services are increasingly held up as a key component of any solution to
the global climate crisis and associated targets and goals. These Include the UK
government's commitment to net zero carbon by 2050, the Greening Government
Commitments 2020-2025, The UN Sustainable Development Goals and the 25 Year
Environment Plan, We have shown recently how ICT and digital services can enable our
civil and public servants working from home, increasing resilience during an
International crisis.

As documented in our annual reports since 2012, we have migrated large portions of
our ICT infrastructure from our estates to our service providers, While this is clearly
best practice, and we have been able to show a reduction in our carbon footprint, our
footprint and assoclated impact have effectively been off-shored. A full carbon footprint
of our ICT services was required. To tackie this, we published our HMG (Her Majesty’s
Government) Sustainable Technology Strategy 2018-2020 and have spent the last 2
yoears working with industry to publish as accurate figures as possible. This provides our
neswc baseline for 2020-2025

Similar signals from public sector on sustainability as on accessibility (
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4b. Carbon footprint of the services we are consuming.

4c.100% compliance with the Social Value Framework, MSAT and transparency In

supply chains

S

Sustainability statements

5. All departments will provide strategy statements approved by technology and digital
leaders, These will set out how they will use technology and digital services to help
Implement the 25 Year Environment Plan, the UN Sustainable Development Goals and
the outcomes defined in this strategy,

Appendix A - strategy deliverables

We have: defined procurement principles and standards, These are (In summary)

* 100% renewable energy and/or carbon neutral suppliers

o 0% to landfill and an annual increase in reuse and material recycling

* increased transparency across HMG, suppliers and the supply chain

* 100% traceability of ICT at end of life

* ayearly increase in procured ICT and services that is remanufactured/refurbished

We will: publish quides on key topics — what good looks like and how to do it - on topics
such as

o |nclusion within the TCoP

Explicit commitments, and references to supply chain (
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A way to think about greening digital infrastructure. See also, principles.green( )


http://principles.green

as in green energy, and low
carbon power

Green




Running on green power when you use the grid

Gas

What do we do about thic?

Wind

Solar




Accounting for fossil fuel energy

Coal

Wind

Solar

Offset just the carbon
emissions ]
Some companies do thie,
to cay theyre carbon

neutral.

It'e much, much eacier
than underctanding
enerqy markets, and

orqanicational change.

I¢ thic colving the right
problem though?



Accounting for fossil fuel energy

| ! | wind

Gas
Solar
| Coal | i ]
Wind
To cay were green, we Google and Microcoft do thic

“top-up ' the power - right now, among otherce.

Feeding in ac much green

Solar power as came from focsil They do thic on an annualiced

energy. It'c ac if you only bagis, co not every hour ic

ever uced green power balanced out to be foccil-

free.




Accounting for fossil fuel energy, on an hour by hour basis

FIG, 2

Hourly carbon-free energy performance at an example data center

While Google buys large amounts of wind and solar power (symbolized by grean spikes

14:£ ; mesnim that our éi":il" :""j.'r."“""'l‘:1""'»"".

Carbon-free energy supply

Gaps in carbon-free energy

Data Centor
Electricty
Demand

For now, if you're using the grid, there will still be times where you're running on fossil fuels.



0 p e n open data, open source & transparency



Climate Impact by Area <

Ranked by carbon intensity of electricity consumed
(gCO,eq/kWh)
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This project is Open Source (see data sources).
Contribute by adding your territory.

Found bugs or have ideas? Report them here.

Like the visualization? We'd love your feedback!

Electricity Map takes open data and makes it easy to use via an API



100% match with
carbon-free energy

0% match with
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Google’s Carbon clocks - transparency on datacentre carbon intensity



make the carbon you emit
L ean coun
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@ Uh oh! This web page is dirtier
than of web pages

tested

’ifi Oh my, 1.07g of CO2 is produced every
time 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 ()


https://www.websitecarbon.com/

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 - optimising the carbon footprint of websites (


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)
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Cabin - privacy protectin’, carbon calculatin’ web analytics (link)



https://blog.google/inside-google/infrastructure/data-centers-work-harder-sun-shines-wind-blows

Matching supply of compute, to demand for compute

Scale up - get a bigger server
Scale out - add more servers

Scale in - add APl compatible way to do the same work, faster
or more efficiently



Scale-out

add more servers



WITHOUT BIN PACKING

WITH BIN PACKING
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Smaller jobs, horizontally scaled - easier to increase utilisation. Not just for containers.



Benchmark Job Placement

DEFAULT

Figure 10. Comparison of cluster server utilization per job batch, using the
default Kubernetes scheduler and the Edgetic scheduler

Even if you have the infrastructure - keeping more machines in a low power state helps.



Scale-in

add AP| compatible way to do the
same work, faster or more efficiently
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The Scylla Advantage

We reimplemented Apache Cassandra from scratch /
using C++ instead of Java to increase raw performance, InfoWarld

better utilize modern multi-core servers and minimize Technology
the overhead to DevOps. Then we added our Alternator
API, enabling you to run Amazon DynamoDB workloads
anywhere and at a much lower cost.

See what's new in Scylla Open Source 4.0

Scalein - at the software level with the likes of Syclla DB



@Swarméd, Products v Resources v Solutions v Company v Blog

Faster
PostgreSQL
performance

High-performance PostgreSQL extension for
faster analytics and easier scaling.

Download the Swarm64 technical overview

Scalein - at the hardware level with Swarmé4




Turbine Energy Output Query Time vs. Concurrent Clients

{shorter is better)
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Concurrent Clients

Scale in - at the hardware level with Swarmé4



move work through time and
space to avoid carbon
emissions

Distributed
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Not everything is equally urgent. Some work can wait for greener energy (link)


https://principles.green/principles/demand-shaping/
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Carbon intensity as a creative constraint - Branch Magazine (link)



https://branch.climateaction.tech/
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The duck curve. When there’s more being generated than can be used, you can be paid to use energy (link)
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http://watt-logic.com/2020/01/10/negative-electricity-prices/
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Consumer facing demm with Octopus Energy and their agile tariff (link)


https://www.current-news.co.uk/news/octopus-energy-embraces-negative-pricing-with-plunge-tariff

Conventional compute load
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https://blog.google/inside-google/infrastructure/data-centers-work-harder-sun-shines-wind-blows

In summary:

Two levers for carbon reduction: energy efficiency and
carbon intensity

For green, think GOLD: Green, Open, Lean , Distributed.

Energy infra and digital infra: Patterns at the software layer
let you take advantage of changes at the energy layer.



Thanks!

chris@thegreenwebfoundation.org
@mrchrisadams



