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Disclaimers &:OnLocation

This material was produced by OnlLocation, Inc. who provides unbiased predictive energy analysis using
quantitative analytical methods and an integrated modeling approach of the U.S. energy system. All data
provided and opinions expressed in this analysis are based on OnLocation’s research and experience. This
material follows from available public information that we consider current and reliable; however, we do not
represent it as fully accurate or complete.

All content in this presentation is intended to be used for informational purposes only and presented
without warranty. The information herein is not intended as investment advice, and it should not be relied
on as such. OnlLocation, Inc. is not liable for any damages arising from the usage of this data.

No part of the content may be copied, photocopied, or duplicated in any form by any means or
redistributed without the prior written consent of OnLocation, Inc. All rights reserved.

The OL24-NEMS model used in this analysis is a modified version of the U.S. Energy Information
Administration’s National Energy Modeling System (EIA NEMS) developed by OnlLocation for use in this
analysis. The OL24-NEMS model and results do not represent the views of EIA. OL24-NEMS is based on the EIA
Annual Energy Outlook (AEO) 2023 and includes the same market and technology assumptions unless
otherwise noted. For more information about EIA NEMS, visit https://www.eia.gov/outlooks/aeo/.
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Corporate Overview

KEYLOGIC

a System One company

Innovative
Integration

Thought
Leadersin

Emerging
Technologies

Critical
Materials
Expertise

Keylogic

Mid-tier firm offering deep domain expertise in our
country’s most critical undertakings within the
energy, federal civilian, and defense sectors

Large-scale data management, advanced
analytics, enterprise transformation, science &
technology advisory services, R&D management,
and systems engineering

Technology readiness scale: Experience in
modeling and assessing range of energy-relevant
technologies at low-technology-readiness levels

Material and resource analysis, including life-
cycle analyses, across the supply chain in support
of energy production, generation, and storage
technologies

Points of Contact

John Ramsey [ SVP, KeylLogic Energy Programs [ John.Ramsey@Keylogic.com
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Assess Role
of New Energy
Technologies

Explore
Alternative
Energy Futures

Inform Energy &

Environmental
Policy

OnlLocation

Specialized firm with four decades of experience
developing and applying innovative energy system
and economic models to address key energy,
climate, and environmental regulations and policies

Evaluate system and economic impacts of new
energy and climate mitigation technologies such
as electric vehicles, biofuels, hydrogen, carbon
capture & storage, and direct air capture

Design “what-if” scenarios and alternative
energy futures for use in uncertainty analyses,
including alternative energy prices, technology
costs, and macroeconomic forecasts

Perform economic impact assessments of new or
proposed energy and environmental regulations
and policies such as Inflation Reduction Act and
EPA GHG Standards for Vehicles and Power Plants

Franciscode la Chesnaye/ VP, OnLocation / fdelachesnaye@onlocationinc.com
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Why a Projection Purpose of Energy Horizons
Report & Data Center Focus

EIA will not release an Annual

Energy Outlook (AEO) in 2024.
Provide updated reference case projections using

OnLocation’s report provides a OnLocation’s version of the National Energy Model
projection for the benefit of the System (NEMS)
energy & climate modeling

community. Update model representation of U.S. laws and

regulations since EIA’'s AEO 2023 release in March
2023

Explore CO, mitigation strategies for the U.S.
energy system

Demonstrate new model capabilities and
enhancements

Evaluate key driving forces in the U.S. energy
system (e.g., data centers) and challenges to
achieve deep decarbonization
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See the Full Report to this webinar at:

www.onlocationinc.com o
tO”L‘?&EEL%&Q
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OnLocation’s Customized Version of the

National Energy Modeling System (OL24-NEMS)

CONVERSION MODULES ( DEMAND MODULES } Development &
Liquid " Electric { ;- e o ] Application of Energy
Fuels Market | Market Residential i Commercial Industrial Transportation

System Models

= Analyzing Energy and
Climate Policy Impacts

= Assessing New Energy
Technologies

= Informing Cost-

INTEGRATED ENERGY MODELING effectwg Approoches
and Policies

4 { ,
( ) Customization & Analyses
o_o;; @ pr oy = |nflation Reduction Act
e éé f M _rava . Renewgbles and EV
Expansion

= Hydrogen Economy

B (® i

International Macroeconomic Critical Qil & Natural Natural Coal Renewable
Energy Activity \ Materials Gas Supply Gas Market Market Energy . Regionc” Data Centers
’ { J = Critical Materials

[ suPPLY MODULES |

Analysis

New Module @ === === Enhanced Module

6 Official version of NEMS developed by the Energy Information Administration (EIA), U.S. DOE Onlocation, Inc. 2024. All rights reserved
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What are the main data center types?

How is electricity consumption distributed across
various components of a data center?

How many data centers are in the U.S. now and
projected to 2050?

Where are data centers located and what factors
drive new placements (price, workforce, permitting)?

mmmm———

What short-term constraints could limit data center
expansion (reliable power, grid reliability)? .
What are the potential impacts on electric grid =
reliability?

How can new generation — traditional & microgrid -

be optimized to meet demand? Insights from Three Scenarios

What clean alternatives can data centers use as d ’ ;Ic')gsg Growth: Rapid expansion tapering off after

- ? : :
power-source and for backup: = Low Growth: Steady annual increase in demand

What are the decarbonization goals of data center = No Al Growth: Counterfactual case to allow

providers and their approaches to meeting them? examination of incremental demand t
OnlLoca

40
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Data Center Data center demand growth, while substantial (up to
H H 20% by 2050), is expected to be met with an

Report ngh"ghts accelerated transition to clean energy sources,

Vv L mMinimizing long-term emissions impacts.

Clean energy expansion is expected to take over by

mid-century, while natural gas and existing fossil

capacity will continue to support demand growth in

most regions in the near term.

1
I
i
[}

Multiple clean energy sources will be essential for
meeting the growing demand for data centers:

Renewable generation, especially solar
photovoltaics and wind, which already account for
most capacity additions in many regions.

Battery storage extends the availability of
renewable generation and enhances grid
reliability.

Nuclear generation, especially small modular
reactors, could play an increasing role in later
years as a stable, low-carbon energy source.

: : £ OnlLocation
OL DC Report 2024 | OnLocation, Inc. 2024. All rights reserved » A KENOGE COMPANY
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B

i ~  Why are data centers important?
o7y

Data center power demand currently accounts for
more than 4% of total U.S. electricity consumption.!

Consumer preferences continue to demand frequent
and innovative products from energy-intensive data
centers.

Digital transformation boosted by the COVID-19
pandemic, drives data center energy demand:
= Cloud computing, artificial intelligence (Al)
systems, digital services, and cryptocurrency
mining operations.

Significant growth in near-term electricity demands in
the U.S. with projections indicating a potential growth of
9-12% annually by 2030 and 15-20% by 2035.123 4
= Driven by rapid expansion of Al models and
applications, quantum computation by major
tech companies, and cloud service providers.

bﬂ@gq@eﬁ


https://www.epri.com/research/products/000000003002028905
https://www.epri.com/research/products/000000003002028905
https://pages.marketintelligence.spglobal.com/rs/565-BDO-100/images/2024%20US%20Datacenters%20and%20Energy%20Report_full.pdf?version=0
https://www.energy.gov/policy/articles/clean-energy-resources-meet-data-center-electricity-demand
https://www.goldmansachs.com/pdfs/insights/pages/generational-growth-ai-data-centers-and-the-coming-us-power-surge/report.pdf

How many data centers and where are they located

in the U.S.?

Data Center Demand by State in 2023 (TWh)

** = 5,388 U.S. data centers as
of August 2024.6
= Power consumption
depends on the scale,
design, specific use case of
the facility, and energy
” efficiency of the
equipment.z
= Data centers are located
across the country with
0 high concentrations in
northern Virginia, Georgia,
Texas, Arizona, Californiqg,
Oregon, Washington, lowa,
lllinois, and Pennsylvania.

>’ 0.009

Using state level data from EPRI 2024: Powering Intelligence, Analyzing Artificial Intelligence and Data Center

Energy Consumption , _
OL DC Report 2024 | OnLocation, Inc. 2024. All rights reserved


https://cloudscene.com/market/data-centers-in-united-states/all
https://dgtlinfra.com/data-center-power/
https://www.epri.com/research/products/000000003002028905

What are the main [ om0 dm [EEEle] ey

data center types? small-scale  <10,000 sq, ft. 10% 500kW — SMW,
Large-scale >10,000 sq. ft. 90% >40MW
Main Data Center Types:
= Small-scale: Includes server rooms
and edge data centers. Serve Types of Large-scale Data Centers: 21011
localized operations such as small .
businesses, facilities, or individual = Enterprise data centers are controlled by one
customers. 82 organization for the purpose of storing important IT
infrastructure and other elements necessary for
Large-scale: Serve extensive processing, storing, and managing the organization's data
operations such as cloud and applications.
computing, often for multiple
businesses, governmental agencies, = Co-location data centers are facilities that provide server
or entire industries. 21011 hosting and hardware services for multiple businesses
= Enterprise data centers: 20-30% that share infrastructure.
of the U.S. data center load
Hyperscale and co-location = Hyperscale data centers (>100,000 Sq. Ft.) support and
data centers: 60-70% of the U.S. service major cloud providers and can quickly expand to
data center load accommodate extensive computing and storage

requirements.

%HLO Ot%g
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https://dgtlinfra.com/data-center-power/
https://www.epri.com/research/products/000000003002028905
https://www.epri.com/research/products/000000003002028905
https://www.capacitymedia.com/article/2cxqzremduqn11h8exdds/feature/the-future-of-hyperscale-data-centres
https://irei.com/publications/article/cities-regions-highest-concentration-data-centers/
https://www.epri.com/research/products/000000003002028905
https://www.capacitymedia.com/article/2cxqzremduqn11h8exdds/feature/the-future-of-hyperscale-data-centres
https://irei.com/publications/article/cities-regions-highest-concentration-data-centers/

How is electricity consumption distributed across

various components of a data center?

The electricity use within a data center is mainly driven by three key areas
and their consumption range can differ by data center size: 1213

;aOﬂLngtigm

% Data Center Total Energy Consumption

IT Equipment Cooling Systems Auxiliary Components

40% - 50%

Servers: The largest energy
consumers, handling most data
processing and computational
tasks.

Storage Systems: Include both
conventional hard disk drives
and more energy efficient solid-
state drives for data storage.
Network Infrastructure:
Comprises switches, routers, and
other essential components for
effective data transfer and
connectivity.

30% - 40%

Essential for maintaining
optimal temperatures to
prevent overheating and prolong
the lifespan of hardware.
Cooling methods range from
traditional HVAC systems to
more advanced technologies
like liquid cooling, immersion
cooling, and economizers.

10% - 30%

Uninterruptible Power Supply
(UPS): Provides emergency
power during power outages to
ensure constant operation.
Security Systems: Consist of
cameras, sensors, and access
control systems for safeguarding
data centers.

Lighting: Accounts for a small
percentage of the total energy
consumption.

OL DC Report 2024 | OnLocation, Inc. 2024. All rights reserved


https://www.epri.com/research/products/000000003002028905
https://www.sciencedirect.com/science/article/abs/pii/S0921344922001719

What short-term constraints could limit data center
expansion?

14
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Some key aspects to consider when building a new
data center include!4 15

Site selection and land acquisition
= Highly impacted by power and internet
connection availability, restrictive permitting,
community resistance, and compliance with
regulations and policies.

Power infrastructure and backup systems
= Average construction timeline before 2020 was
1-3 years. Limited access to power means the
process now can take 2-6 years.
= Large data centers that need more than 100 MW
of electricity wait up to 7 years to connect to the
grid.1e

Infrastructure and technological requirements
= Impacted by supply chain.

= Highly specialized and skilled workforce needs

OL DC Report 2024 | OnLocation, Inc. 2024. All rights reserved


https://cc-techgroup.com/data-center-construction/
https://www.constructiondive.com/news/psmj-survey-data-center-construction/699469/
https://subscriber.politicopro.com/article/eenews/2024/09/03/data-centers-face-seven-year-wait-for-dominion-power-hookups-00176897

What clean alternatives can data centers use as

2Onlocation
power-source and for backup? &:Onlocatior

= Most U.S. data centers currently rely on diesel
generators for backup power.lZ 18

= Considerations of primary and backup power ]
include grid reliability, renewable energy integration, [

climate change goals and impacts, and extreme
weather events 12.20 21,22 23, 24, 25, 26, 2/, 28 29

Clean electricity generation:

Geothermal

Modular nuclear reactor

Hydropower

Fossil with carbon capture and storage
Solar and wind with storage

Reliable, low environmental impact backup power:
= Batteries

Fuel cells

Solar and wind power with battery storage

Compressed air energy storage

Alternative fuel generators

Mgy e i) criand o cins Sy S S P LR "
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https://www.hdrinc.com/insights/rethinking-data-center-power
https://www.techtarget.com/searchdatacenter/How-to-design-and-build-a-data-center
https://www.energy.gov/sites/default/files/2024-04/2024%20The%20Future%20of%20Resource%20Adequacy%20Report.pdf
https://www.powermag.com/hydrogen-fuel-cell-provides-backup-power-for-microsoft-data-center/
https://www.bosch-hydrogen-energy.com/sofc/applications/data-center/
https://www.datacenterfrontier.com/energy/article/55090918/ecl-advances-its-vision-for-hydrogen-powered-data-centers
https://www.fuelcellenergy.com/solutions/buildings/data-centers
https://www.kimley-horn.com/news-insights/perspectives/battery-energy-storage-systems-data-centers/
https://www.switch.com/switch-and-capital-dynamics-break-ground-on-massive-solar-and-battery-storage-developments-advancing-rob-roys-gigawatt-nevada/
https://www.equinix.co.uk/newsroom/press-releases/2021/12/tech-consortium-to-lead-low-carbon-fuel-cell-development-for-data-centres
https://www.eia.gov/energyexplained/electricity/energy-storage-for-electricity-generation.php
https://www.globenewswire.com/news-release/2024/07/24/2917808/0/en/Global-Data-Center-Generator-Market-Outlook-2024-2029-Adoption-of-Innovative-Generators-Automation-Remote-Monitoring-Deployment-of-Modular-Data-Centers-Gensets.html
https://www.stackinfra.com/resources/blog/the-future-of-backup-energy-storage-is-a-mixed-bag-of-challenges-and-opportunities-for-data-centers/#:%7E:text=Biofuels%20burn%20much%20cleaner%20than%20conventional%20fuels%20in,fossil%20fuels%20as%20both%20primary%20and%20secondary%20sources.
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Highly Concentrated Demand Shaping Regional

2 Onlocation

¥30 COMPANY

Power Systems

= Our analysis allocates data
center electricity demand

ﬁ SR | across 25 electric reliability

Data Center Demand By Electric Reliability Region in 2023 (TWh)

regions.

= Regional differences in
generation mix mean location
of additional demand directly
impacts capacity expansion,
emissions, and grid reliability.

= Key considerations:

= How does continued
regional clustering affect
power systems?

= How does growth in fossil
fuel-dominated regions
compare to clean energy
Source: OnLocation reg ions?

Using state level data from EPRI 2024: Powering Intelligence, Analyzing Artificial Intelligence and Data Center
Energy Consumption
17 OL DC Report 2024 | OnLocation, Inc. 2024. All rights reserved



https://www.epri.com/research/products/000000003002028905

Growth is Significant
but Highly Uncertain

We modeled three scenarios to assess

the range of potential data center

demand growth:

= High Growth: Rapid expansion

tapering off after 2035.
Low Growth: Steady annual
increase.
No Al Growth: A counterfactual
case to allow examination of
incremental demand.

Scenarios are based on our Energy

Horizons Reference case which

includes current energy policies such
as IRA incentives and EPA GHG
regulations.

Growth is assumed to be uniform
across regions with demand fully met
by grid-based electricity.

TWh

800

600

400 ~

200 ~

Electricity Demand by Data Centers

40
%nLocotlon
r A KEYIOGIC COMPANY

OL DC High
=== OL DC Low
LBNL Data Ctr
=== Goldman Sachs
EPRI (High)
McKinsey DC
== EPRI (Moderate)
=== OL DC No Al

-

B L —
2020

T — T
2025

T — T T — L LI T T LI T LI 1
2030 2035 2040 2045 2050
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https://onlocationinc.com/whitepapers/u-s-energy-horizons-to-2050/
https://onlocationinc.com/whitepapers/u-s-energy-horizons-to-2050/

Data Center Growth May
Exceed EVs in Near-Term

Our scenarios include over 600 TWh of
growth in data center demand over
the next 30 years, making up nearly
one-third of commercial electricity
demand by 2050.
= Equivalent to ~130 GW of new
natural gas power plants.

Data center electricity demand is
growing rapidly and is likely to
outpace demand growth in electric
vehicles (EVs) in the near term.

Both data center and EV demand
growth are highly uncertain, but both
will play a critical role in shaping the
decarbonization of the U.S. economy.

From late 2030s to 2050 combined
load could range from 30% - 35%.

1,200
1,000

800

TWh

600
400

200 +

Fl

40
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Electricity Demand: High Growth
- 100
=== Transportation
Data Centers
= = Transportation (%)

Data Centers (%)
- 80

- 60

- 40

S8|DS |D10] JO JUBDI8d

- 20

.
.
mmms®
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0

LI B I B N B B I B B B B I BN B B R RN N R B R |
2025 2030 2035 2040 2045 2050
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Total Electricity
Demand

Data centers add significant demand
to overall load growth, building on the
broader economy-wide electrification
trend.

National electricity demand is
projected to grow by 48% from 2020 to
2050, primarily due to increased
electricity use in vehicles, even without
Al-driven data center growth.

In the High Growth scenario, demand
could rise by up to 69% by 2050,
factoring in significant data center
expansion.

Across dll scenarios, load growth in
other energy sectors remains
consistent.

Billion KWh

6,000 —
5,000 —
4,000 —
3,000 -
2,000 —

1,000

40
%)n Location
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Electricity Sales by Sector

Residential
B commercial
B ndustry
Transportation
Hydrogen

OL EH Report 2024 | OnLocation, Inc. 2024. All rights reserved



National Electricity D toca?

(]
Genel‘dtlon Electricity Generation
B Other Renew
7,000—_ Solar
-. Wind
= Data center demand leads to 5 000 ] M Nuclear
increased generation of all types: o al [T] Fossil w CCS
= Initially met by existing natural ; [ - o
gas plants. 5000 - -

Expansion of renewables
accelerates, driven by decreasing
costs and IRA incentives.

Nuclear increases in later years
with new facilities and
preservation of existing units.

Billion KWh

= In the High Growth case (relative to No
Al), clean generation comprises
roughly 23% of incremental generation
in 2030, rising to 75% by 2040 and 92%
by 2050.

Through 2050, new clean energy
generation outpaces the additional

demand from data centers compared
to 2020 levels. OL EH Report 2024 | OnLocation, Inc. 2024. All rights reserved




National Electricity D toca?

®
Ca pac |ty _ Electricity Capacity Storage
B other Renew
3’500_- Solar
Initial capacity increases to meet data ] wind
center demand are largely driven by ] B Nuclear
3,000 ~ Fossil w CCS
natural gas, solar, and battery S -- s
Storoge. : - . Coal
2,500—_ --
Wind and solar dominate capacity " ] (1]
additions, with batteries providing § 2000 ]
essential grid support. o '
9
Additional gas capacity, primarily 100
fromn combustion turbines, is added to ]
enhance grid reliability. 1,000 WS
1 . o N RN B B o iy
In the longer term, nuclear capacity 500
rises due to retention of existing
facilities (which would retire in the No . - —
Al case when the IRA support expires) R N
and new construction of small
2020 2030 2040 2050

modular reactors.

OL EH Report 2024 | OnLocation, Inc. 2024. All rights reserved




Electricity Generation
in PJM

In 2023, PJM accounts for 34% of
national electricity demand from data
centers.

The highest data center demands are
in PJM/Dominion, but impacts extend
across the region due to intra-PJM
trade and exchanges with
neighboring regions.

By 2050, solar and wind significantly
expand their share of PJM’'s generation
Mmix.

After 2045, nuclear generation
increases as new construction costs
decline, and existing plants delay
retirement.

Billion KWh

1,500 -

1,000 -

500

PJM Electricity Generation

40
t OnlLocation
' A KEYIOGIC COMPANY

B other Renew
Solar
Wind

B Nuclear
Fossil w CCS
Gas

B coal

Storage



Electric Capacity in , ST
PJ M PJM Electricity Capacity

800

Storage
B Other Renew
Solar
Total electricity capacity in PIM more ' wind
than triples from 2020 to 2050, with : L E‘::S'ﬁjccs
solar, wind, and storage making up 500 - |

Gas

most new capacity additions. ] M codl

Incremental capacity to meet data
center demand is primarily composed
of solar and battery storage.

Gigawatts
B
o
o
|

In the High Growth case (relative to No _
Al), clean generation comprises - —
roughly 54% of incremental capacity 200 -

in 2030, rising to 89% by 2040 and 1] C ] . i
100% by 2050.

Coal plants retire by 2040 due to the N - et | L
new EPA greenhouse gas regulations eo\ @\ & v\ov\ & @\ &
under CAAA Section 111. 2020 2030 2040 2050
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Electricity Generation , ST

in ERCOT (TeXCI S) ERCOT Electricity Generation B Other Renow
| I Solar
i Wind
In 2023, ERCOT accounts for 14% of | B Nuclear
national electricity demand from data 500 - o == LOSS"VVCCS
centers. ] B cou
1 Storage

ERCOT has limited ability to trade with 1 T
neighboring regions so building new |

capacity is critical for meeting S

increasing demand. S

Wind generation continues to expand | .

through 2050 while solar becomes a 2007 --

significant portion of the generation : ppEn .
Mmix. |

In the High Growth scenario, nuclear 0- . ]

generation more than doubles after [ - L L
2045 due to falling construction costs V\ov\ @\ o V\ov\ S @\ o
and IRA clean electricity credits, 2090 2030 2040 2050

displacing some natural gas
generation.

OL EH Report 2024 | OnLocation, Inc. 2024. All rights reserved




Electric Capacity in
ERCOT (Texas)

Total capacity more than triples
between 2020 and 2050 in both
scenarios, and quadruples by 2050 in
the High Growth scenario.

Solar, wind, and storage make up
most capacity additions, alongside
new nuclear capacity, particularly in
the High Growth scenario.

The cost of new nuclear and other
generating capacity in ERCOT is
projected to be lower than the
national average due to relatively
lower construction costs.

Gigawatts

400 ~

300 ~

N

o

o
]

100 -
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Key Takeaways
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Data center demand growth, while substantial (up to
20% by 2050), is expected to be met with an
accelerated transition to clean energy sources,
minimizing long-term emissions impacts.

Clean energy expansion is expected to take over by
mid-century, while natural gas and existing fossil
capacity will continue to support demand growth in
most regions in the near term.

Multiple clean energy sources will be essential for
meeting the growing demand for data centers:

Renewable generation, especially solar
photovoltaics and wind, which already account for
most capacity additions in many regions.

Battery storage extends the availability of
renewable generation and enhances grid reliability.

Nuclear generation, especially small modular
reactors, could play an increasing role in later years
as a stable, low-carbon energy source.
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Coming Soon...

Visit our Website to see the Webinar
Recording & Full Report
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