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New electricity-generating technologies & Google

1. Why new electricity-generating
technologies?

2. Which new technologies?
3. Why Google?



Why New Electricity-Generating Technologies?

Our modeling (and others) shows that advanced technologies can significantly

reduce 24/7 CFE costs and risks

Key insights from our modeling:

1.

Advanced CFE technologies are
essential to reducing costs of 24/7
CFE portfolios

They can reduce market risks in
clean energy portfolios, in particular
shape risk and cannibalization risk

Some regions cannot reach high CFE
concentrations without advanced
technologies (e.g. poor RE
resources, land use restrictions).

~40% reduction ~40% fewer
in portfolio net spend MW needed
Portfolio Capacity
Net Spend Deployed
(UsD) (MW)
Average
Load
(MW)
Mature Techs Advanced Techs Mature Techs Advanced Techs
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Source: The Corporate Role in Accelerating Advanced Clean Electricity Technologies

The inclusion of advanced technologies reduces the cost of achieving 90%
hourly CFE across global portfolio by 40%.


https://sustainability.google/reports/accelerating-advanced-clean-electricity-technologies/

Which New Technologies?

Five technologies we believe will play a critical role in
grid decarbonization by 2030 and beyond

Firm generation resources

Clean peaker resources

1. Next- 2. Carbon 3. Advanced
generation capture nuclear
geothermal and storage

4. Hydrogen 5. Long-duration

energy storage

Source: The Corporate Role in Accelerating Advanced Clean Electricity Technologies

The full technology portfolio

Solar Demand response
PV (price responsive curtailment)
Solar
thermal
Flexible demand
Wind (rescheduling)
energy

Run-of-river -?j_'\ + Staot::g?;
hydro Fuel saving Fast burst
Variable Balancing

Solar thermal renewables resources

Long-duration

w/ storage storage (inter-day)
Resir\;oir Firm Long-duration storage
RS Low-carbon (multi-day/seasonal)
resources
Geothermal Net-zero CO: gas

(e.g. hydrogen)

Nuclear Biomass
Gas or coal

w/ CCS

Source: Sepulveda, Jenkins et. al, 2018

Google


https://www.sciencedirect.com/science/article/pii/S2542435118303866
https://sustainability.google/reports/accelerating-advanced-clean-electricity-technologies/

Why Google:

Advanced clean electricity technology risks create a “Valley of Death”

Barriers to commercialization:

e Technology and financing risk
Development risks
Commercial structuring challenges
Lack of enabling infrastructure
Electricity market design

Clean energy buyers can reduce barriers:

e  Procurement: Long-term offtake
contracts, replicable contracts, designing
new market products

e Investment: Development capital,

Direct corporate investment
e Technology policy advocacy

Development capital is a key ingredient missing for
new CFE technologies to reach commercialization

Demonstration

Funding

VC Funding

Funding Gap
“Valley of Death”

First of a kind
commercial project

Development Timeline

Commercial
viability

Project Finance Funding

Source: The Corporate Role in Accelerating Advanced Clean Electricity Technologies



https://sustainability.google/reports/accelerating-advanced-clean-electricity-technologies/

Example

Next-generation
geothermal energy

Partnership with Fervo Energy
to develop “always on” clean
energy for Nevada’s electricity
grid.

A step taken locally to advance
geothermal energy use globally.
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locations for
owned and
operated
data centers

continents

Americas

Berkeley County, South Carolina
Council Bluffs, lowa

The Dalles, Oregon

Loudoun County, Virginia

Prince William County, Virginia
Montgomery County, Tennessee

Q’"

Lenoir, North Carolina
Mayes County, Oklahoma
Midlothian, Texas

Douglas County, Georgia
Jackson County, Alabama

Lancaster, Ohio

New Albany, Ohio
Columbus, Ohio
Storey County, Nevada
Henderson, Nevada
Papillion, Nebraska
Quilicura, Chile

Europe

Dublin, Ireland
Eemshaven, Netherlands
Middenmeer, Netherlands
Fredericia, Denmark
Hamina, Finland

St Ghislain, Belgium
Hanau, Germany

Asia

Changhua County, Taiwan
Singapore

Inzai, Japan

Google


https://www.google.com/about/datacenters/locations/berkeley-county/
https://www.google.com/about/datacenters/locations/council-bluffs/
https://www.google.com/about/datacenters/inside/locations/the-dalles/
https://www.google.com/about/datacenters/locations/loudoun-county/
https://www.google.com/about/datacenters/inside/locations/montgomery-county/
https://www.google.com/about/datacenters/inside/locations/lenoir/
https://www.google.com/about/datacenters/inside/locations/mayes-county/
https://www.google.com/about/datacenters/locations/midlothian/
https://www.google.com/about/datacenters/inside/locations/douglas-county/
https://www.google.com/about/datacenters/inside/locations/jackson-county/
https://www.google.com/about/datacenters/locations/new-albany/
https://www.google.com/about/datacenters/inside/locations/changhua-county/
https://www.google.com/about/datacenters/inside/locations/singapore/
https://www.google.com/about/datacenters/inside/locations/dublin/
https://www.google.com/about/datacenters/inside/locations/eemshaven/
https://www.google.com/about/datacenters/locations/fredericia/
https://www.google.com/about/datacenters/inside/locations/hamina/
https://www.google.com/about/datacenters/inside/locations/st-ghislain/
https://www.google.com/about/datacenters/locations/new-albany/
https://www.google.com/about/datacenters/locations/henderson/
https://www.google.com/about/datacenters/locations/papillion/
https://www.google.com/about/datacenters/inside/locations/quilicura/

Society needs new technologies to avert the worst effects of

climate change

Global experts in growing alignment
that an array of new technologies will
be needed to even come close to 1.5C

[To reach Net Zero by 2050,] almost
half the reductions come from
technologies that are currently at the
demonstration or prototype phase. (IEA
NZ 2050 report)

Politics & assumptions: IPCC, IEA, et al

Global greenhouse gas emissions by sector gittG

This is shown for the year 2016 - global greenhouse gas emissions were 49.4 billion tonnes CO,eq.

0
Agriculture,
L" g Forestry &
RN Land Use
Wast %%
eWater(l %) 7

Chemicals
2.2%

Cement
3%

Agriculture
Enera\lg‘whmgm 7%)

9o
& a5
er, eSS 1 58¢
8 use in puilding o
(@) P Y
m \ B
erca] (66%)  Residential uiain®

OurWorldinData.org - Research and data to make progress against the world's largest problems.
Source: Climate Watch, the World Resources Institute (2020). Licensed under CC-BY by the author Hannah Ritchie (2020)

https://ourworldindata.org/emissions-by-sector



https://ourworldindata.org/emissions-by-sector

IEA NZ 2050 milestones: out with old tech, in with new

Most innovative low- Almost 90% of existing z
= : . 2 . L% . z More than 90% of heavy
emissions technologies All industrial electric capacity in heavy industries N Sl
2 = . 3 industry production is
in heavy industry motors are best in class reaches end of their bzl
B low emissions
demonstrated at scale investment cycle R
. No new ICE car sales
o Electric heavy trucks SE% of fuuls wand s
60% of sales aviation are sustainable

are 50% of sales

All new buildings are Half of existing buildings More than 85% of

No new sales of zero-carbon ready Most appliances and cooling Half of heating demand 2
. . q retrofitted to zero-carbon buildings are
fossil fuel boilers ) systems are best in class met by heat pumps
idi i Universal energy access ready levels zero-carbon ready
Buildings )
& 35 :
P 30
o Transport
25
¥} Industry
15
iu) Electricity
5

2030 2035 2040 2045 2050

No new unabated coal plants 1 020 GW annual solar Overall net zero electricity Net zero electricity Almost 70% of electricity
ap:proved for development and wind additions in advanced:economies sector globally generation globally from
Phase-out of unabated coal Phase-out of all unabated solar PV and wind
No new oil and gas fields in advanced economies coal and oil power plants ;
approved for development, : i i
pproy ey 4 Gt CO, captured 7.6 Gt CO, captured

and no new coal mines or

mine extensions : .
[150 Mt low-carbon hydrogen;] 435 Mt low-carbon hydrogen;

850 GW electrolysers 3 000 GW electrolysers
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IPCC AR6 (2022): lots of low-hanging fruit, but we must reach higher

Many options available now in all sectors are esti i to offer suk ial p

ial to reduce

net by 2030. Relative pi
term compared to 2030.

Mitigation options

Wind energy
Solar energy
Bioelectricity
Hydropower
B/ Geothermal energy
2| Nuclear energy
Carbon capture and storage (CCS)
Bioelectricity with CCS
Reduce CH, emission from coal mining
Reduce CH, emission from oil and gas
Carbon sequestration in agriculture
Reduce CHa and N;0 emission in agriculture
— | Reduced conversion of forests and other ecosystems
g Ecosystem restoration, afforestation, reforestation

and costs will vary across countries and in the longer

Potential contribution to net emission reduction (2030) GtCO:-eq yr
2 4 6

Improved sustainable
Reduce food loss and food waste
shift o balanced, sustainable healthy diets

‘Avoid demand for energy services
Efficient lighting, appliances and equipment
New buildings with high energy performance
Onsite renewable production and use
Improvement of existing building stock
Enhanced use of wood products

Fuel efficient light duty vehicles
Electrc light duty vehicles

hift to public transportation

Shiftto bikes and e-bikes

Fuel efficient heavy duty vehicles
Electric heavy duty vehicles, incl. buses
Shipping -~ efficency and optimization
Aviation - energy efficiency

Biofuels

=
g

Eneray efficiency
Material efficiency

Enhanced recycling

Fuel switching (elect, nat. gas, bio-energy, Hi)
Feedstock decarbonisation, process change
Carbon capture with utilisation (CCU) and CCS
Cementitious material substitution

Reduction of non-C0; emissions

Industry

Reduce emission of fluorinated gas
Reduce CH, emissions from solid waste
Reduce CHy emissions from wastewater

Other

ey

Net lifetime cost of options:

I Costs are lower than the reference

[ 0-20 (USD tCOy-eq")

I 20-50 (USD 1COy-eq")

I 50-100 (USD tCOreq’)

I 100200 (USD tCO-eq)

I Cost not allocated due to high
variability or lack of data

+~——— Uncertainty range applies to
the total potential contribution
to emission reduction. The
individual cost ranges are also
associated with uncertainty

° 'll ’”'r” Rl ”!'l! ‘

GtCOreqyr!

How to prioritize?

e Deployment vs innovation

e Innovation prioritization

(@)

Costs & learning potential
Scalability & technical potential
Externalities

Technology risk



Technology classes for 24/7 Carbon-free Energy

Primary Energy Source

vy Nuclear & Geothermal
v Fossil Fuel
Bioenergy
Wind, Hydro, Marine
Solar
Energy Storage (ESS)
12

Recuperation cycle

Years (billions)

Years (millions)

Years (tens)

Months > Days

Real time

Stored, seconds to
months

Technology category

Nuclear
Geothermal

e CCS
Bioenergy

Hydro

Wind

Solar PV

Li ion batteries

LDES: various techs
Hydrogen

Firm & baseload
generation
technologies

Well-understood
core of corporate
portfolios

Storage & flexible
technologies

G



TRL and valleys of death: technical & commercial

Initial idea
Basic principles have been defined

Application formulated
Concept and application of solution have been formulated Beyond

Concept needs validation the SDS
Solution needs to be prototyped and applied

Early prototype
Prototype proven in test conditions

LARGE
PROTOTYPE

Large prototype
Components proven in conditions to be deployed

Full prototype at scale
Prototype proven at scale in conditions to be deployed

DEMONSTRATION

Pre-commercial demonstration

Solution working in expected conditions

) ) ; Scope of
First of a kind commercial the SDS

Commercial demonstration, full scale deployment in final form

Commercial operation in relevant environment
Solution is commercially available, needs evolutionary improvement to stay competitive

Integration needed at scale
Solution is commercial and competitive but needs further integration efforts

Proof of stability reached

> Predictable growth



Google’s Approach

Purchasing Technology Policy
Buy more and different Accelerate technology Advocating for policy
types of clean energy innovation changes to decarbonize

deployed locally electricity grids



Princeton University report on 24/7 CFE acee.princeton.eduiza-7

Findings

Deepens reductions in CO2 emissions from a
buyer’s electricity consumption

comn .
Leads to greater system-level emissions ZERO LAB i

)
reductions SRR O SR e T =

Accelerates deployment of advanced CFE System-level Impacts
technologies of 24/7 Carbon-free
Drives significantly more retirement of fossil fuel g Electricity Procurement
capacity e —

Comes at a cost premium to 100% RE annual
matching



https://acee.princeton.edu/24-7

