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Google Cloud Environmental Journey

24/7 CFE - Net Zero - Water RE
(Eliminating carbon emissions and water impact)
100% Renewable Energy

(Reducing carbon emissions)

Data Centers Energy Efficiency

(Reducing energy consumption and e-waste)

Since 2008 Since 2017 By 2030

Most data centers use almost as much Started in 2010, our renewable energy Google intends to achieve net zero emissions
non-computing or "overhead" energy (like procurement program has matched its across all of our operations, though carbon free
cooling and power conversion) as they do global, annual electricity use with wind and energy matching at every hour of every year,

to power their servers. We've reduced solar purchases in 2017, and maintained it and of our value chain by 2030 through

this overhead to only 10% through the use for the past five years. However, our nature-based and technology-based carbon

of water evaporation towers and Artificial facilities still rely on carbon-based power in removal, and to replenish the water used by our

Intelligence (PUE=1,1). some places and times. operations



Google Environmental Journey

Data Centers Efficiency
(Reducing energy consumption and e-waste)

Since 2008



Data Centers Efficiency

Custom designed servers
e Increase Energy Efficiency and Lifetime

Custom designed chips (TPU/VPU/NPU)

e Increase Energy Efficiency

48V DC server power supplies
e Reduce energy conversion losses

ML-driven cooling
e Reduce Energy consumption of cooling

Containerised Microserviced Software Stack
e More workloads per servers to increase their utilisation rate
e Foundational shared services to increase efficiency
e Abstraction of servers generations to increase servers lifetime

1.6
Measuring Power
Usage Effectiveness
(PUE)
. Google
Typical 9
data
data centers
centers

® Servers Facilities

Cell T
BorgMaster

| Scheduler S persistent store

Paxos
link shard

Borglet Borglet Borglet Borglet

=8/ 0] == =




T Reuse/Redistrib“L';te ot om s pgEREnt- ~==wun NN




Google Environmental Journey

100% Renewable Energy

(Reducing carbon emissions)

Data Centers Energy Efficiency

(Reducing energy consumption and e-wastet)
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Google Cloud Environmental Journey

24/7 CFE - Net Zero - Water RE
(Eliminating carbon emissions and water impact)
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(Reducing carbon emissions)
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to power their servers. We've reduced solar purchases in 2017, and maintained it and of our value chain by 2030 through

this overhead to only 10% through the use for the past five years. However, our nature-based and technology-based carbon

of water evaporation towers and Artificial facilities still rely on carbon-based power in removal, and to replenish the water used by our

Intelligence (PUE=1,1). some places and times. operations



Our Third Decade of Climate Action
24/7 Carbon-Free Energy by 2030

In September 2020, we announced our goal to to
run our business on carbon-free energy
everywhere, at all times, at all of our data centers
and campuses around the world, by 2030.

Our 24/7 CFE strategy focuses on three areas:
1. Transactions: Buy more and different types

of clean energy deployed locally

2. Technology: Accelerate energy technology
innovation

3. Policy: Advocating for policy changes to
decarbonize electricity grids



https://blog.google/outreach-initiatives/sustainability/our-third-decade-climate-action-realizing-carbon-free-future/
https://blog.google/outreach-initiatives/sustainability/our-third-decade-climate-action-realizing-carbon-free-future/

100% Renewable Energy still relies on fuel-based electricity

Carbon-free energy supply
Gaps in carbon-free energy

January 1  /
December 31

data center hour by hour



Scenario: every hour of electricity use at Chile data center

Without solar and wind PPAs, less than half our energy use in Chile would be matched with carbon-free sources on an
hourly basis

Status Quo (without Google PPAs)
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Actual: every hour of electricity use at Chile data center

Google’s first solar PPA in Chile significantly increased our data center’s carbon-free matching

Actual (with 80 MW Google solar)
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Projected: every hour of electricity use at Chile data center

A new solar + wind PPA will fill in the gaps, enabling us to match almost 100% of our electricity use with carbon-free
resources on an hourly basis

Projected (with 80 MW Google solar + new 35 MW solar + new 90 MW wind)
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Projected 2030: 100% carbon-free energy at all times

A new solar + wind PPA will fill in the gaps, enabling us to match almost 100% of our electricity use with carbon-free
resources on an hourly basis (+storage)

Projected 2030
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Using batteries with Renewable Energy

24-hour snapshot
Data from Chile
data center on a

day in August

@ Grid carbon-based energy MWh
@ Grid carbon-free energy (CFE)
Google-contracted solar energy
Excess Google-contracted solar energy
12 AM Noon 11 PM
Source: 2647 Wi Pper Google
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Using batteries with Renewable Energy

24-hour snapshot
Data from Chile
data center on a

day in August

@ Grid carbon-based energy MWh
@ Grid carbon-free energy (CFE)
) Google-contracted solar energy
Battery energy from excess solar energy
12 AM Noon 11 PM
Seurc: 207 WiiePaper Google

& Google Cloud



Technical investment

Next-gen technology shifting compute across locations

By shifting compute across location as well as time, we're able to further reduce the carbon intensity of our
applications around the clock and around the globe.
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Technical investment

Next-gen technology

First-of-its-kind energy deal

The DeepMind system
uses a neural network to
predict wind power output
36 hours ahead

® Predicted
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POLICY

Spurring a Global Movement

U.N. 24/7 Carbon-free Energy Compact

Global group of companies, governments, and organizations
actively engaged in accelerating the technologies, policies, tools,
ideas, and advocacy that will collectively realize 24/7 CFE for all.
42 signatories and counting...

Buyer’s Associations

CEBA: ~ 300 energy customers and partners committed to achieving a
90% carbon-free U.S. electricity system by 2030.

RE-Source: pushes for the removal of regulatory and administrative
barriers to corporate renewable energy procurement in Europe

Momentum: Others Adopting 24/7 CFE goals

U.S. Federal Government, Microsoft, Ironmountain, City of Des Moines, +

SUSTAINABLE\
@3&5&[

GoCarbonFree247.com

O CEBA

cebuyers.org

RE-Source

resource-platform.eu

24/7 Carbon-Free Energy Is the New
Net-Zero

Des Moines, lowa, joins Google in aiming for 24/7 carbon-free
electricity—a target that necessitates managing energy loads in
buildings.




Our Third Decade of Climate Action

In September 2021, Google announced a pledge to
a water stewardship target to replenish more water
than we consume, on average, by 2030 and
support water security in communities where we
operate.

Our water stewardship strategy focuses on three
areas:

1. Enhancing our stewardship of water
resources across Google office campuses
and data centers,

2.  Replenishing our water use and improving
watershed health and ecosystems in
water-stressed communities, and

3. Sharing technology and tools that help
everyone predict, prevent and recover from
water stress



https://www.gstatic.com/gumdrop/sustainability/google-water-stewardship.pdf
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24/7 CFE - Net Zero - Water RE
(Eliminating carbon emissions and water impact)
100% Renewable Energy

(Reducing carbon emissions)

Data Centers Energy Efficiency

(Reducing energy consumption and e-waste)

Since 2008 Since 2017 By 2030

Most data centers use almost as much Started in 2010, our renewable energy Google intends to achieve net zero emissions
non-computing or "overhead" energy (like procurement program has matched its across all of our operations, though carbon free
cooling and power conversion) as they do global, annual electricity use with wind and energy matching at every hour of every year,

to power their servers. We've reduced solar purchases in 2017, and maintained it and of our value chain by 2030 through
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of water evaporation towers and Artificial facilities still rely on carbon-based power in removal, and to replenish the water used by our

Intelligence (PUE=1,1). some places and times. operations



Google Cloud gives e
you the tools

Grid carbon intensity  Google Cloud

to optimize your region selection ey = = :

O Google Cloud

Region carbon data:

Recommended regions

Google Cloud

cloud.google.com/sustainability/region-carbon Region Picker

Region picker:

= Google Cloud Platform

lew for billing account "Test biling accol

cloud.withgoogle.com/region-picker/

In context of the Cloud Console and Docs: 2 Low CO, e I

Monthly carbon emissions Carbon emissions by project chartiew ~
to report on your gross carbon emissions _— —
(@ Unattended Projects Security
Mitigate security risks, reduce unnecessary spend, and carbon footprint by deleting or reclaiming unattended projects under your 4 unattended projects

Carbon Footprint

cloud.google.com/carbon-footprint/ Becomimendations

= Enter property name or value Py | s
. . . . (O  Recommendation Project name Usage activity # security risks @ Est.CO, emissi ing last 30 days
to advise on reducing your carbon emissions e a—— s 100 |
® delete project marz-project 8 50 $500 Al
O & big-project 80 25 $10,000 3
O a mobile-app2 32 32 $3,000 2

Active Assist

Rowsperpage: 100 v 1-4of4 & >

https://cloud.google.com/recommender



http://cloud.google.com/sustainability/region-carbon
http://cloud.withgoogle.com/region-picker/
http://cloud.google.com/carbon-footprint/
http://cloud.google.com/carbon-footprint/
https://cloud.google.com/recommender/docs/key-concepts?hl=en#recommender_impact

GCP Carbon Footprint

Data broken down by:

=» project
=»  region
=» product
=» month

Data export to BigQuery.

Scope 1, Scope 2
location-based, Scope 3

Planned H1’23:
Scope 2 market-based +
carbon offsets

“ Carbon Footprint Overview for billing account "awesome-demo" S PRINT ¥ EXPORT [ RELEASE NOTES
gas ions in kil of carbon dioxide ("carbon”) for usage associated with billing account 00680A-18982C-A78E05. All emissions listed here are Billing account —————————
categorized and reportable as scope 3 for Google Cloud customers. The scope 1/2/3 refer to Google's rep emission and are provided for greater clarity and| awesome-demo i
transparency. This emissions data has not been third-party verified or assured. Learn how this data is calculated.
Yearly carbon footprint Monthly carbon footprint
From August 2021 to July 2022 For July 2022
Location-based total: @ 921 kgCO,e Net operational emissions: @ 0kgCO,e Location-based: @ 31kgCO.e
Scope 1: @ 0.933 kgCO e A 17.22% comparing to June 2022
Scope 2 location-based: @ 381kgCO,e
Scope3: @ 539 kgCO e

Location-based monthly carbon footprint
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Intelligence (PUE=1,1). some places and times. operations



