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« Emerging Geographies: As traditional data center hubs become saturated, growth is shifting
toward rural regions in Pennsylvania, West Virginia, and elsewhere, providing regional
manufacturers with a competitive advantage.

» Fast-tracking Sites: Sites with coal-powered infrastructure are expedited via a Presidential
executive order for Al data center construction.

 Straining Grid and Power Infrastructure: Al centers demand 10x more energy per query than
traditional data queries, creating infrastructure bottlenecks—and new markets—for power
systems and energy-efficient components.

Al Data Centers, specialized facilities designed to support the intensive computing and
data storage needs of artificial intelligence applications, are rapidly becoming critical
infrastructure as demand for high-performance computing continues to soar. As d result,
they are a potential market opportunity for small and medium-sized manufacturers
interested in providing components for Al data centers.

Here’s some information you should know if YOU » Facing Scrutiny: Permitting delays, zoning restrictions, and public backlash against water
. . 5 and power use can slow construction. Firms that offer solutions addressing these community
are a manufacturer considering this market: concerns may have a market opportunity.

« Expanding Supply Chain Needs: The components list for the interior of Al Data Centers
includes server cabinets, power distribution units, and chillers. External energy supply and
distribution components will also be in demand.

» Varying Scale and Function: Al data centers vary by scale and function, ranging from

hyperscale and enterprise facilities run by tech giants and large firms to colocation, edge, Small and mid-sized manufacturers have a strategic opening to serve this expanding sector.
and cloud centers. The opportunity lies in agility: understanding specialized demand, aligning with environmental
« Surging Demand: For the United States alone, there is approximately 92 GW of data center and regulatory shifts, and moving quickly to deliver next-generation components.

capacity in the pipeline. At the end of 2024, the monthly pipeline additions were 7 GW.
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Whnat 1s aon Al Data Center?

These facilities house powerful hardware, including GPUs (Graphics Processing Units)
and TPUs (Tensor Processing Units), which are crucial for processing large Al models
and datasets.

The Uptime Institute defines specific tiers based on (1) maintenance, power, cooling,
and fault capabilities; (2) operational sustainability; and (3) business function needs.

Al Data Centers come in various forms, each designed to meet the specific needs and
requirements of different Al applications.

« Hyperscale Data Centers are massive facilities capable of supporting extensive Al
workloads. Tech giants like Google, Amazon, and Microsoft typically own them.

» Enterprise Data Centers are usually smaller than hyperscale centers, tailored to
meet the specific Al and IT needs of the business. Large organizations typically
operate these centers. They still provide significant resources.

e Colocation Data Centers are for companies that want more control over their data,
but without the expense of building their own center. They instead rent physical
space for their own servers and networking equipment from another facility.

« Edge Data Centers are smaller data centers that reduce the time it takes for data
to travel for processing, which is crucial when real-time data processing is required,

such as for autonomous vehicles.

« Cloud Data Centers: are flexible and scalable data centers provided by
cloudservice providers.
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https://uptimeinstitute.com/tiers
https://logicalfront.com/data-center-tiers/
https://uptimeinstitute.com/tiers
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https://docs.nrel.gov/docs/gen/fy25/94502.jpg
https://docs.nrel.gov/docs/gen/fy25/94502.jpg
https://bohlerengineering.com/blog/insight/3-site-selection-considerations-for-data-center-development/

Total data center electricity use from
2014 through 2028 by space type
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Future Scenario Range
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Primary Power Supply: Data centers require
access to significant and reliable electrical
power, often necessitating direct connections
to the local utility grid and, for larger sites,
dedicated substations

Fiber Optic Cabling: High-capacity fiber
optic cables are the backbone of data center
connectivity, enabling low-latency, high-
bandwidth data transmission both within the
center and to external networks.

Water Supply: For certain cooling systems,
access to water is also a key consideration.
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https://doi.org/10.71468/P1WC7Q
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Installed Capacity: As of early 2025, the global data center market has about

40 gigawatts (GW) of installed power capacity in 97 markets, according to Value of Data Center PiP Construction Spending
Cushman Wakefield. . . o
(Seasonally Adjusted Annual Rate, in $Millions)

Growth is accelerating rapidly, however, and as a result, estimates can vary $30.000
substantially. Complicating the picture is that estimates are based on power
consumption, but as efforts are underway to make data centers more energy

May-24, $27,167 L

. o . : $25,000
efficient, this is not necessarily an optimal measure.
May-23, $16,075
Goldman Sachs Research estimates, for example, that the 55 GW of power $20,000
usage by the global data center market consists of cloud computing at 54%,
traditional uses (e.g., email) at 32%, and Al at 14%. For the United States alone, B May-22, $11,890

there is approximately 92 GW of data center capacity in the pipeline. At the end
of 2024, the monthly pipeline additions were 7 GW.

$10,000
Market Value: Polaris Market Research estimates that the global market value
will be $19.66 billion in 2025, with an expected compound annual growth rate $5,000
(CAGR) of 25.6%, reaching $153.23 billion by 2034. Estimates do vary by about a
billion dollars, with Polaris’ estimate on the higher end.

$0
o = e Uy W U W W WD M~ P~ 0 0 0 @mdnEmH O O O o e e OOy N 02 0D 0w =
.. , : e T TR T L e T B e M i B M SR - o B
Another perspective is to look at construction costs. An analysis conducted CpgEspeepaeraspaL pacaacarns paklt aas A
" - NEWTEONITATCTETONETAOTEOTESOVNEATNENNE B NVE

by PwC on behalf of the Data Center Coalition, a trade association, found that “"' v ~ i . "” . * @
between May 2023 and May 2024, construction spending increased from $16 to === Data center construction spending
27 billion (69%). |

] _ . . _ Source: U.S. Census Bureau Construction Spending Data. Historical Value of Private Construction Put in
Future Expansion: A McKinsey mid-range u.naly.sg projects, based on current Place (PiP), May 2024
trends, that global demand for data capacity will increase by 19-22% (171-219
GW) from 2023 to 2030. In the United States, their estimate of the data center Source: Written Testimony of Josh Levi, President, Data Center Coalition Before the U.S. House of Representatives

T o Oversight and Government Reform Subcommittee on Economic Growth, Energy Policy, and Regulatory Affairs.

supply deficit is 15% by 2030.
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https://www.cushmanwakefield.com/en/insights/global-data-center-market-comparison
https://www.goldmansachs.com/insights/articles/ai-to-drive-165-increase-in-data-center-power-demand-by-2030
https://www.woodmac.com/press-releases/2024-press-releases/data-center-pipeline-capacity-exceeds-92-gw-by-end-of-2024/
https://www.woodmac.com/press-releases/2024-press-releases/data-center-pipeline-capacity-exceeds-92-gw-by-end-of-2024/
https://www.polarismarketresearch.com/industry-analysis/ai-data-center-market
https://www.centerofyourdigitalworld.org/2025-impact-study
https://www.mckinsey.com/~/media/mckinsey/industries/technology%20media%20and%20telecommunications/high%20tech/our%20insights/ai%20power%20expanding%20data%20center%20capacity%20to%20meet%20growing%20demand/ai-power-expanding-data-center-capacity-to-meet-growing-demand_final.pdf?shouldIndex=false
https://oversight.house.gov/wp-content/uploads/2025/04/Levi-Written-Testimony.pdf

T T T NT N T T

Bl B @adRbaE 00

e ; BT,

e P Pl

WRan g teipd
AR LS ; ! i i ol Sy~ :
Boivey: Tk . : ‘3 ! !
$ridpsiiaiing i -2 :
fistiti-17i, _ §aiid a4 M :
dlitieinsiocd ettty : :
: L : :
overview -

naustry

Investment Trends: Dedicated Al-ready data centers represent a rapidly growing
segment of about 70% of total demand by 2030 — an annual average increase of 33%
from 2023 to 2030. Goldman Sachs Resedrch estimates 84 GW global demand by
2027, with cloud computing at 50%, traditional uses (e.g., emoil) at 23%, and Al at 27%.

Leading States: Today, most data centers in the United States are located in Northern
Virginia, Silicon Valley in California, Texas, and other major metropolitan areas (see
map), but as these regions have reached full capacity the market for new Al data
center locations is shifting.

Emerging Markets: Al data centers are now expanding into remote areas, including
Louisiana, Mississippi, Pennsylvania, Wisconsin, and West Virginia.

International Markets: The top international markets are Beijing, London, Shanghai,
and Tokyo.

Government Support: The Trump Administration has issued an executive order,
subsequently amended by another executive order, that includes expediting the
development of coal-powered infrastructure for Al data centers in specific regions
and identifying regions with suitable coal-powered infrastructure, with the aim of
expanding that infrastructure to provide electricity for Al data centers.

At an event held at Carnegie Mellon in Pittsburgh on July 15, 2025, President Trump
"showcased an unprecedented $92 billion commitment to cutting-edge Al and energy
initiatives.” This investment includes "Google’s $25 billion investment in data centers
and infrastructure, Blackstone’s $25 billion investment in data centers and natural gas
plants, and CoreWeave’s $6 billion investment in data center expansion.”

8 | Al Data Centers: Overview
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Data centers are emerging in more remote locations, where power is still
abundant and grids less strained.
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https://www.mckinsey.com/~/media/mckinsey/industries/technology%20media%20and%20telecommunications/high%20tech/our%20insights/ai%20power%20expanding%20data%20center%20capacity%20to%20meet%20growing%20demand/ai-power-expanding-data-center-capacity-to-meet-growing-demand_final.pdf?shouldIndex=false
https://www.mckinsey.com/~/media/mckinsey/industries/technology%20media%20and%20telecommunications/high%20tech/our%20insights/ai%20power%20expanding%20data%20center%20capacity%20to%20meet%20growing%20demand/ai-power-expanding-data-center-capacity-to-meet-growing-demand_final.pdf?shouldIndex=false
https://www.goldmansachs.com/insights/articles/ai-to-drive-165-increase-in-data-center-power-demand-by-2030
https://www.woodmac.com/press-releases/2024-press-releases/data-center-pipeline-capacity-exceeds-92-gw-by-end-of-2024/
https://cushwake.cld.bz/globaldatacentermarketcomparison-05-2025-global-central-en-content
https://www.federalregister.gov/documents/2025/04/14/2025-06380/reinvigorating-americas-beautiful-clean-coal-industry-and-amending-executive-order-14241
https://www.federalregister.gov/documents/2025/04/14/2025-06380/reinvigorating-americas-beautiful-clean-coal-industry-and-amending-executive-order-14241
https://www.federalregister.gov/documents/2025/04/14/2025-06380/reinvigorating-americas-beautiful-clean-coal-industry-and-amending-executive-order-14241
https://www.whitehouse.gov/articles/2025/07/icymi-president-trump-announces-92-billion-in-ai-energy-powerhouse-investments/
https://www.whitehouse.gov/articles/2025/07/president-trump-solidifies-u-s-position-as-leader-in-ai/
https://www.mckinsey.com/~/media/mckinsey/industries/technology%20media%20and%20telecommunications/high%20tech/our%20insights/ai%20power%20expanding%20data%20center%20capacity%20to%20meet%20growing%20demand/ai-power-expanding-data-center-capacity-to-meet-growing-demand_final.pdf?shouldIndex=false
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Additional Al data center related investments were made by Energy Capital Partners
($5 billion plan to develop a data center) and FirstEnergy ($15 billion to expand power
distribution, strengthen grid infrastructure to support data centers).

Other actions include identifying 16 federal sites for rapid Al data center construction
and establishing the “Stargate” partnership that would invest $100-500 billion by 2029 in

20 large Al data centers.

There are also plans to streamline and consolidate environmental permitting for Al
infrastructure, carried over by a Biden Executive Order (not revoked at the time of
this writing).

Environmental Goals: Al data centers have two major environmental challenges that
the industry is attempting to address: energy consumption and water use. For example,
when someone asks a question of ChatGPT, the electricity consumption is five times
greater than asking the same question of Google. Data centers generate a great deal of
heat and traditional cooling systems use large amounts of water — a 16 ounce bottle for

every 10-15 responses.

To reduce energy consumption and increase energy efficiency, data centers are
trying to optimize hardware and software and be more aware of the source of energy
in the grid they are accessing (e.g., is the energy source a renewable resource,
nuclear, or a fossil fuel).

To minimize the amount of water the data center uses for cooling, centers are adopting
advanced cooling technologies and publicly tracking their water withdrawals.

Other actions include setting net-zero targets for greenhouse gas emissions, promoting
sustainable site selection, and engaging communities to address their concerns about
noise and light pollution, as well as resource use.

9 | Al Data Centers: Overview
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Four principles of sustainable data center design
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Source: Equinix, 2022
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Circular economy and
integration — embodied
carbon, waste heat re- |
use, water positivity,
hardware recycling |

Software optimized and
automated data center
systems — Al/ML for
maintenance, materials

Al can also help the environment. Examples include its ability to enhance the modeling
of climate scenarios, expedite the development of energy-efficient materials, optimize
operations by forecasting demand, and facilitate the development of product life

cycle assessments.
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https://www.reuters.com/business/energy/some-big-us-investments-being-made-ai-energy-2025-07-15
https://www.energy.gov/articles/doe-identifies-16-federal-sites-across-country-data-center-and-ai-infrastructure
https://www.youtube.com/watch?v=X5gMiDnYEds
https://www.forbes.com/sites/moorinsights/2025/01/30/the-stargate-project-trump-touts-500-billion-bid-for-ai-dominance/
https://www.forbes.com/sites/moorinsights/2025/01/30/the-stargate-project-trump-touts-500-billion-bid-for-ai-dominance/
https://www.federalregister.gov/documents/2025/01/17/2025-01395/advancing-united-states-leadership-in-artificial-intelligence-infrastructure
https://news.mit.edu/2025/explained-generative-ai-environmental-impact-0117
https://news.mit.edu/2025/explained-generative-ai-environmental-impact-0117
https://www.newsweek.com/why-ai-so-thirsty-data-centers-use-massive-amounts-water-1882374
https://www.newsweek.com/why-ai-so-thirsty-data-centers-use-massive-amounts-water-1882374
https://www.weforum.org/stories/2025/06/how-ai-use-impacts-the-environment/
https://blog.equinix.com/blog/2022/09/26/the-4-principles-of-sustainable-data-center-design/
https://www.weforum.org/stories/2025/06/how-ai-use-impacts-the-environment/
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Technological Advancements: Al data centers are rapidly evolving as their number
increases. Advancements include server racks with higher density (e.g., 8-30 kW in the
past to 120-250 KW today), specialized chips optimized for Al use, moving from traditional
air cooling to liquid cooling systems focused on the chip itself, and bringing Al data centers
closer to users (called microdata centers) that reduce time delays in computing.

Al can also help optimize data center operations and monitor them to enhance their
reliability, efficiency, and sustainability.

Electricity Grid Impact: Al Data Centers’ power needs exceed those of other data centers,
which were already impacting the electricity grid. The increased use of Al by businesses
and consumers is expected to further strain power grids.

According to the Electric Power Research Institute (EPRI), a query to an Al model like
ChatGPT requires 10x the power of a traditional Google query. Efforts are underway to
develop Al data centers that consume less energy, and Al is being utilized within data
centers to identify ongoing steps to reduce energy consumption.

Regulatory Hurdles: The primary barrier to building more Al data centers is the time
required to obtain permits for new power generation or transmission lines, which can take

years (see figure obove). Issues at the |ocal level include zoning, land use, siting restrictions,

height restrictions, visual impact assessments, and noise ordinances. Other regulatory
hurdles that vary by jurisdiction include requirements for renewable energy and water use,
energy efficiency targets, and limitations on greenhouse gas emissions.

10 \ Al Data Centers: Overview
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US transmission interconnection delays

Median duration of months from request to operation, 2005-2022
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https://www.bloomberg.com/graphics/2024-ai-power-home-appliances/
https://www.epri.com/research/products/3002028905
https://www.pwc.com/us/en/industries/tmt/library/assets/pwc-data-center-scaling-in-the-age-of-ai.pdf
https://www.rshc-law.com/docs/default-source/articles/legal-challenges-and-opportunities-at-the-intersection-of-ai-data-centers-and-power-infrastructure.pdf?sfvrsn=1c597f46_2
https://www.pwc.com/us/en/industries/tmt/library/assets/pwc-data-center-scaling-in-the-age-of-ai.pdf
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Social license to operate: Public concerns about Al data centers include the impact on the
local electricity grid and water sources (including the potential impact on utility rates), as well

as noise, light, and environmental pollution. Some are also concerned that Al will take away
employment opportunities, particularly for white-collar workers, and that the data centers
themselves do not create many long-term, local jobs.

Environmental concerns: The need for Al data centers to consume clean water and
electricity, particularly when the source of that energy is a fossil fuel such as coal or
natural gas, raises environmental concerns. The local environmental impact can vary

by region, depending on the specific regulatory requirements in each geographic area.

In addition to local environmental pollution concerns, Al data centers also raise global
environmental concerns, particularly related to the mining of rare earth materials and
increased greenhouse gas emissions, as well as the disposal of electronic waste at the end
of its life, which can lead to mercury and lead pollution.

Al data centers are making progress as technologies advance, leading to a 50%
reduction in power use effectiveness (PUE) and the development of new technologies
to reduce water consumption.

Land use: While some municipalities treat data centers as industrial facilities during zoning,
others are creating specific land use regulations for data centers. Some, for example, limit the
ability to build a data center near residential or mixed-use areas, or require buffer zones.
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https://www.nlc.org/article/2025/05/23/data-centers-and-local-environmental-considerations/
https://news.mit.edu/2025/explained-generative-ai-environmental-impact-0117
https://www.unep.org/news-and-stories/story/ai-has-environmental-problem-heres-what-world-can-do-about
https://hbr.org/2024/07/the-uneven-distribution-of-ais-environmental-impacts
https://www.unep.org/news-and-stories/story/ai-has-environmental-problem-heres-what-world-can-do-about
https://www.unep.org/news-and-stories/story/ai-has-environmental-problem-heres-what-world-can-do-about
https://hbr.org/2024/07/the-uneven-distribution-of-ais-environmental-impacts
https://hbr.org/2024/07/the-uneven-distribution-of-ais-environmental-impacts
https://www.nlc.org/article/2025/05/23/data-centers-and-local-environmental-considerations/
https://www.rshc-law.com/docs/default-source/articles/legal-challenges-and-opportunities-at-the-intersection-of-ai-data-centers-and-power-infrastructure.pdf?sfvrsn=1c597f46_2
https://arxiv.org/abs/2411.09786

Al Data Center Component

Data Center Power, Security, and Cooling

We used Quartr Pro's advanced search capabilities to localize

as many companies as possible in each respective niche

T_ :.'

Schneider ABB | v eower

Distribution
SIEMENS [E ST | v switchaear s mccs

ENEErDLegn iramelormgr

% VERTIV | actve votage conavioning
Palwdrk mandgemen
HITACHI -

Al _h
AtlasCopce GENERAC |.
e @ﬁ iBaEHI.IFP-I:I‘HEI’

| Dieeunl generabons

Electrification
ABB BA'I' | Gac turpnee

ABB Energys | oo

UPS products
EE NERACL | Diesel generators

Bareries
Service contracls

a VERTIV Transfar swilches

R

;.-ﬂ-'

Lo —
Milas Copeo

e
.

- '!"

Building
Automation
Ramofte poser panats
Pgaaiae maEburdmant
KMNY/EIB

Dala comimunicaliony

Olegrand
EF.-T-N ABB

Sch tlender '[?.-"&N'

lecoric

e #
CISCO owEER

}hr

| L‘|." Power
Distribution

| intemgant FOUE
et fur7ivE (liTRTS

E TN % VERTIV

| LV switchgasr & MCCs Sch neuder mes

Elecer

i Pawer factor cofrection : M—I
| Hc:wzm analyzoer

| Server Cabinets

E-T-N Olegrand

Rocke FUJITSU % VERTIV
Elafage devices — i
V7 Bl s T2
’ ,l : 4 { Enterprise e
"‘ir ﬂfs ORACLE DELL Erovoe
= hgﬂ'ld & Munters
HVAC Soluti Pt
e | 123 T

EFF1 glncrnid mosnrs
Vadablke speed divee
PLCa

Compananis Tar
cantred pancks

SIEMENS
FEIATINET
“» paloalto
ol @@ ® & BOSCH

CISCO Securitas

Securily Sysiems
Fire prodeciion

Security alarms/camenas
Cyber Sogunity hardwang

VERTIV ¥, MTsusisk

| @ Asetek ECOLAB
EMERSON  MbODinE

m"l?f}ﬂr

F:ﬂ:mﬂfhmh_,ﬁ.pp:m ¥ and
@ Threads to get infographics ke
this in your 19ed avery day ©

Source: Quartr, January 10, 2024

12 | Al Data Centers: Overview

7

ENERGY &

MANUFACTURING'
in Appolochio


https://x.com/Quartr_App/status/1745079766988775851

I > - % o AT . - -
ST Sy ————— - - -
i 1 5 . 1.7 e =

g S
R e . VSR BT 7

Al Data Center Components

L #i‘

COMPUTING

Server Cabinets: Server cabinets, also known as racks, are the physical enclosures

that house and organize servers, networking equipment, and power distribution units

in an Al data center. Modern Al server cabinets are designed to support high-density
configurations with reinforced frames, enhanced airflow management, and integrated
cable routing to accommodate heavy, power-hungry GPU servers and clustering setups.
Subcomponents include mounting rails, cable management arms, power distribution units
(PDUS), and, in some cases, integrated cooling features.

ENERGY

Energy Sources: The mix of energy sources used to power data centers typically reflects
the mix of sources used to produce electricity in the states where the data centers are
located. Some data centers, however, use energy sources that are located on the same
property as where they reside. As illustrated in the figure earlier, the primary energy source
is natural gas. Other sources include nuclear, hydropower, coal, wind, solar, and biomass.

LV Power Distribution: Low Voltage (LV) power distribution manages the delivery of
electrical power at voltages typically below 1,000V (often 415V or 480V in North America)
from transformers to IT equipment and facility systems within the data center. Key
subcomponents are LV switchboards, circuit breakers, PDUs, remote power panels (RPPs),
and busways, all designed to ensure reliable, efficient, and safe power delivery to server
racks and auxiliary systems.
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MV Power Distribution: Medium Voltage (MV) power distribution handles the transfer of
electrical power at voltages usually between 1kV and 35kV from the utility grid or on-site
substations to transformers that step down the voltage for internal use. MV systems include
MV switchgear, transformers, distribution panels, and protective relays, providing efficient
bulk power transfer, redundancy, and resilience for large-scale Al data centers.

Backup Power: Backup power systems ensure continuous operation during utility
outages and typically consist of diesel or gas-powered generators, automatic transfer
switches (ATS), and fuel storage tanks. These systems activate when the main power
supply fails, providing electricity to critical loads until normal power is restored or
batteries or Uninterruptible Power Supply (UPS) systems are depleted.

Uninterruptible Power Supply: UPS units provide instantaneous, short-term power to
data center equipment during power interruptions, bridging the gap between utility
failure and generator startup. They utilize batteries (lead-acid or lithium-ion) or
flywheels, incorporating inverters, rectifiers, and control electronics to deliver clean,
stable power, thereby protecting sensitive Al hardware from surges and outages.
Subcomponents are battery banks, power converters, and monitoring/control systems.
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Al Data Center Components
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BUILDING

HVAC Solutions: HVAC (Heating, Ventilation, and Air Conditioning) solutions in Al data
centers are engineered for high heat loads and precise environmental control. Systems
include chillers, cooling towers, Computer Room Air Conditioners (CRAC), Computer Room

Air Handlers (CRAH), and air distribution units, all working together to maintain optimal
temperature and humidity for dense server deployments. Subcomponents are compressors,
heat exchangers, pumps, ducts, and control systems.

Security Systems: Security systems in Al data centers integrate physical and cyber
protection measures, including access control, surveillance cameras, intrusion detection
systems, and alarm systems. Increasingly, Al-driven security platforms provide real-

time monitoring, automated threat detection, and predictive analytics to safeguard both
physical infrastructure and digital assets. Subcomponents include biometric readers, card
access panels, video analytics servers, and integrated monitoring software.

Building Automation: Building automation systems (BAS) integrate and control

various building functions—such as HVAC, lighting, power, and security—using

centralized software and Internet of Things (IoT) sensors. In Al data centers, BAS

leverages Al and machine learning for predictive maintenance, energy optimization, and
real-time environmental monitoring, often interfacing with Data Center Infrastructure
Management (DCIM) platforms. Subcomponents include controllers, sensors, actuators, and
user interfaces.
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Component List of TprA
Data Centers

A comprehensive overview of the key components, systems, and technologies that

make up modern Al data centers, organized by their respective NAICS codes, is provided

in the following table. Each entry details the component name, its associated NAICS number
and industry classification, a concise description, and its primary use within a data

center environment.

Cooling and environmental management are prominently featured, with components
such as chillers, computer room air conditioning and handling (CRAC/CRAH) units,
cooling towers, and air distribution units all designed to maintain optimal operating
temperatures and prevent overheating of sensitive IT equipment.

Power infrastructure is another critical focus, encompassing everything from transmission
structures and transformers to uninterruptible power supplies, generators, switchgear, and
utility-scale batteries—ensuring continuous, stable, and safe power delivery even in the event
of grid failures.

Advanced monitoring, control, and automation systems, such as SCADA, sensors, controllers,
and building automation, collectively optimize energy efficiency, security,
and operational reliability for Al data centers.

On the IT and security side, the table lists essential computing and networking hardware like
servers, CPUs, GPUs, storage devices, and networking equipment, as well as security systems,
surveillance cameras, and biometric readers for physical and logical access control.
Supporting infrastructure, including metal racks, cable management arms, and server

15 \ Al Data Centers: Overview

cabinets, is also included, ensuring organized, scalable, and accessible installations.
Overall, the table underscores the complexity and integration of multiple disciplines—
mechanical, electrical, electronic, and IT—required to build and operate robust, efficient,
and secure Al data centers.
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Component List of TprA
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Data Centers

COMPONENT

Actuators

Air distribution units

Automatic transfer
switches (ATS)

Backup Power
Battery banks (lead-
acid or lithium-ion)
Biometric readers
Building Automation

Busways

Cable management
arms

Cabling & Wiring
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NAICS

NUMBERS

334512

333415

335313

335999

335911

334118

238220

335311

334419

335929

(. -
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NAICS NAME

Automatic Environmental
Control Manufacturing

Air-Conditioning and Warm Air Heating
Equipment and Commercial and Industrial
Refrigeration Equipment Manufacturing

Switchgear and Switchboard
Apparatus Manufacturing

Electrical EQuipment Manufacturing
Storage Battery Manufacturing
Computer Terminal and Other Computer
Peripheral Equipment Manufacturing
Heating and Air-Conditioning Contractors
Power, Distribution, and

Specialty Transformer Mfg.

Other Electronic Component
Manufacturing

Other Communication and Energy
Wire Manufacturing

lllll

DESCRIPTION

Devices that physically adjust HVAC or
lighting components.

Devices that distribute cooled
air throughout the facility.

Switches that automatically
transfer power source from the grid
to the generator.

Diesel/gas generators and
fuel systems for emergency power.

Arrays of batteries store energy for
UPS systems.

Devices that authenticate identity via
fingerprint, iris, etc.

Al-driven software and IoT sensors for

monitoring HVAC, lighting, and security.

Modular metal bars for
distributing power along a path.

Hinged arms or trays for routing
and organizing cables.

Conductive cables and wires
for power and data transmission.

USE

Enable automated adjustments to
maintain optimal conditions.

Ensures even cooling across
all server racks.

Ensures seamiless transition to
backup power during an outage.

Provides electricity during grid outages to
maintain uptime for critical Al workloads.

Supplies immediate power to critical
loads during outages.

Restricts facility access to
authorized personnel only.

Optimizes energy efficiency and environmental
conditions via predictive analytics.

Allows scalable and efficient power
delivery to multiple racks.

Maintains organized cabling and
allows easy access for maintenance.

Connect and distribute power and data
throughout data centers.
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Data Centers

COMPONENT

Card access panels

Chillers

Circuit breakers

Compressors

Control systems

Control Systems [
SCADA (Supervisory
control and data
acquisition)

Controllers

Cooling towers

CRAC/CRAH units
(Computer Room
Air Conditioning/Handli

ng)
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NAICS
NUMBERS

334118

333415

3356311

333415

334512

334512

334512

333415

333415
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NAICS NAME

Computer Terminal and Other Computer
Peripheral Equipment Manufacturing

Air-Conditioning and Warm Air Heating
Equipment and Commercial and
Industrial Refrigeration Equipment

Manufacturing

Power, Distribution, and Specialty
Transformer Mfg.

Air-Conditioning Heating Equipment
and Commercial and Industrial
Refrigeration Equipment Manufacturing

Automatic Environmental Control
Manufacturing

Automatic Environmental Control
Manufacturing

Automatic Environmental Control
Manufacturing

Air-Conditioning and Warm Air Heating
Equipment and Commercial and
Industrial Refrigeration Equipment

Manufacturing

Air-Conditioning and Warm Air Heating
Equipment and Commercial and
Industrial Refrigeration Equipment

Manufacturing

lllll

DESCRIPTION

Panels for electronic keycard entry.

Machines that remove heat from the
data center air or liquid.

Safety devices that interrupt power
during overloads or faults.

Machines that compress refrigerant
for cooling cycles.

Electronic systems for managing
HVAC operation.

Automated systems for monitoring and
controlling operations.

Devices that manage and automate
building systems.

Structures that dissipate heat from
water-cooled systems.

Computer Room Air Conditioners/Air Handlers
for precise climate control.

USE

Controls and logs entry to secure areas.

Provides cooling for large-scale heat rejection.

Protects equipment and wiring from
damage due to electrical faults.

Drives the refrigeration process in
chillers and CRAC units.

Automates and optimizes HVAC performance.

Manage, monitor, and optimize data center
environments and processes.

Centralized control of HVAC, lighting, and
security operations.

Expels heat from the data center to the atmosphere.

Maintains temperature and humidity in server rooms.
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Component List of TprA
Data Centers

COMPONENT

Diesel/gas generators

Distribution panels

Ducts

Electric Generators &
Turbines

Electric Motors &
Generators

Electrical Insulation
Devices

Fuel storage tanks

Heat exchangers
HVAC /[ Cooling

Systems

HVAC Solutions
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NAICS

NUMBERS

335312

335311

332322

333611

335312

335932

332420

333415

333415

238220
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NAICS NAME

Motor and Generator Manufacturing

Power, Distribution, and Specialty
Transformer Mfg.

Sheet Metal Work Manufacturing

Turbine and Turbine Generator
Set Units Manufacturing

Motor and Generator Manufacturing

Noncurrent-Carrying Wiring Device
Manufacturing

Metal Tank (Heavy Gauge) Manufacturing

Air-Conditioning and Warm Air Heating
Equipment and Commercial and Industrial
Refrigeration Equipment Manufacturing

Air-Conditioning and Warm Air Heating
Equipment and Commercial/Industrial
Refrigeration

Heating and Air-Conditioning Contractors

lllll

DESCRIPTION

Engines that produce electricity
during power outages.

Panels that distribute power to various
facility sections.

Channels for directing airflow.

Converts mechanical energy into
electrical power.

Machines converting electrical and
mechanical energy.

Non-conductive devices preventing
unwanted electrical flow.

Containers for storing fuel for generators.

Devices that transfer heat between fluids.

Regulates temperature and airflow in
data centers.

Chillers, CRAC units, and liquid cooling
systems for heat dissipation.

USE

Supplies backup power to the entire data
center when the grid fails.

Organizes and manages power delivery to
different data center zones.

Distributes conditioned air to and
from server rooms.

Provides backup or primary power
for data centers.

Power HVAC, pumps, fans, and backup
systems in data centers.

Protect equipment and personnel by
insulating electrical connections.

Provides necessary fuel supply for extended
generator operation.

Facilitates efficient cooling and heat removal.

Maintains optimal equipment temperature;
prevents overheating.

Manages extreme heat loads from Al
servers to prevent thermal throttling.
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Component List of TprA
Data Centers

COMPONENT

Integrated cooling
features

Inverters

LV Power Distribution

LV switchboards
Metal Racks & Frames

Monitoring software
Monitoring/control
systems

Mounting rails

MV Power Distribution

MV switchgear
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NAICS

NUMBERS
334419

335999

3356311

335311

332999

541513

541513

337215

335311

335311
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NAICS NAME

Other Electronic Component Manufacturing

All Other Miscellaneous Electrical Equipment
and Component Manufacturing

Power, Distribution, and Specialty
Transformer Mfg.

Power, Distribution, and Specialty
Transformer Mfg.

All Other Miscellaneous Fabricated
Metal Product Manufacturing

Computer Facilities Management
Services

Computer Facilities Management
Services

Showcase, Partition, Shelving, and
Locker Manufacturing

Power, Distribution, and Specialty
Transformer Mfg.

Power, Distribution, and Specialty
Transformer Mfg.

lllll

DESCRIPTION

Built-in cooling solutions, such as fans
or liquid cooling channels.

Devices that convert DC battery power to AC.

Systems distributing low-voltage power
(e.g., 480V) to racks and cooling systems.

Panels that distribute and control
low-voltage power.

Structural frames and racks for mounting
servers and equipment.

Software for managing and analyzing
security system data.

Software for managing and analyzing
security system data.

Structural supports for mounting
servers and equipment in racks.

Infrastructure transferring medium-voltage
power (1kvV—35kV) from grids.

Equipment for switching, controlling,
and protecting medium-voltage circuits.

USE

Enhances airflow and heat dissipation
within the cabinet.

Provides usable AC power to IT equipment
during a power interruption.

Delivers stable power from transformers to IT
equipment and facility systems.

Central point for managing power to various
circuits in the data center.

Supports and organizes servers and
hardware in data centers.

Centralized security management
and incident response.

Ensures UPS systems function correctly
and alerts staff to issues.

Securely holds servers and hardware in
place within the cabinet.

Steps down utility-scale power for internal
data center use via transformers.

Ensures safe and reliable operation of
medium-voltage power systems.
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Component List of TprA
Data Centers

lllll

NAICS
COMPONENT NUMBERS NAICS NAME DESCRIPTION USE
Networking 334210 Telephone Apparatus Manufacturing Devices enabling data communication Connects servers and devices; manages
Equipment and connectivity. network traffic in data centers.
PDUs, Switchboards 335931 Current-Carrying Wiring Device Devices for distributing and managing Deliver and control power to racks and
Manufacturing electrical power loads. equipment in data centers.
Power Control 335912 Power, Distribution, and Specialty Devices that regulate and transform Manage voltage and distribute power
Equipment Transformer Manufacturing electrical power levels. safely in data centers.
Power distribution 335311 Power, Distribution, and Specialty Devices that distribute electrical power Delivers power to each server and monitors
units (PDUs) Transformer Mfg. to servers within the cabinet. energy consumption.
Power Supplies 335999 All Other Misc. Electrical Equipment Devices providing uninterrupted backup power Prevent downtime; protect data and
(ups) and Component Manufacturing to equipment. hardware during power disturbances.
Protective relays 335311 Power, Distribution, and Specialty Devices that detect faults and trigger circuit Protects electrical systems from damage
Transformer Mfg. breakers. due to faults or abnormal conditions.
Pumps 333911 Pump and Pumping Equipment Devices that circulate water or coolant. Moves chilled water or coolant through HVAC systems.
Manufacturing
Rectifiers 335999 All Other Miscellaneous Electrical Devices that convert AC to DC for Charges UPS batteries from the main power supply.
Equipment and Component battery charging.
Manufacturing
Remote power 335311 Power, Distribution, and Specialty Panels that extend power distribution to Provides flexible power distribution closer to server
panels (RPPS) Transformer Mfg. remote locations in the facility. racks.
Security Systems 334290 Security Systems Services Access control, surveillance, and Safeguards physical infrastructure and data against

intrusion detection systemes. breaches or unauthorized access.
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COMPONENT

Semiconductors

Sensors

Sensors & loT
Devices

Server Cabinets

Servers, CPUs, GPUs

Solar Panels &
Inverters

Storage Devices

Surveillance
cameras

Switchgear & Circuit
Breakers

Transformers

Transmission
Structures

Al Data Centers: Overview

Component List of TprA
Data Centers

NAICS

NUMBERS

334413

334512

334511

337215

3341

334413

334112

334310

335313

335311

332312
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NAICS NAME

Semiconductor and Related Device
Manufacturing

Automatic Environmental Control
Manufacturing

Search, Detection, Navigation, Guidance,
Aeronautical, and Nautical System
Manufacturing

Showcase, Partition, Shelving, and
Locker Manufacturing

Electronic Computer Manufacturing

Semiconductor and Related Device
Manufacturing

Computer Storage Device
Manufacturing

Audio and Video Equipment
Manufacturing

Switchgear and Switchboard Apparatus
Manufacturing

Power, Distribution, and Specialty
Transformer Mfg.

Fabricated Structural Metal
Manufacturing

DESCRIPTION

Electronic components enabling processing
and memory functions.

Devices that detect environmental
conditions (e.g., temperature, humidity).

Devices that monitor and collect real-time
data.

Reinforced enclosures for organizing servers,
PDUs, and cooling systems.

High-performance computers housing
CPUs/GPUs.

Convert sunlight to electricity; inverters
manage power flow.

Devices for storing and retrieving digital
data.

Cameras that monitor and record activity.

Devices that control, protect, and isolate
power systems.

Devices that step down voltage from medium

to low for data center use.

Metal frameworks supporting high-
voltage power lines.

USE

Power CPUs, GPUs, memory, and manage
data center operations.

Provide real-time data for intelligent building
management.

Enable real-time monitoring, automation,
and optimization in data centers.

Houses and secures high-density Al servers while
optimizing airflow and cable management.

Host, process, and manage Al workloads;
cluster for scalability.

Provide renewable energy and backup power for data
centers.

Store, access, and manage massive datasets
for Al workloads.

Provides real-time and recorded visual
security coverage.

Distribute, manage, and safeguard electrical
power in data centers.

Converts incoming utility power to usable
levels for IT and facility equipment.

Deliver electricity across long distances on the grid.
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Component List of Typ'ca Al
Data Centers

NAICS

COMPONENT NUMBERS NAICS NAME
Uninterruptible Power 335311 Power, Distribution, and Specialty
Supply (upPs) Transformer Mfg.

User interfaces 541513 Computer Facilities Management
Services

Utility-Scale 335911 Storage Battery Manufacturing

Batteries

Video analytics 334111 Electronic Computer Manufacturing

servers
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Protects hardware from surges and bridges gaps
until backup generators activate.

Battery/flywheel systems with inverters for
seamless power during interruptions.

Allow operators to monitor and control building
automation systems.

Panels or software for human interaction
with building systems.

Provide backup and load balancing power
for data centers.

Large batteries for storing and supplying
electrical energy.

Enables automated threat detection and
security alerts.

Servers that process and analyze
surveillance footage.

," ENERGY &
MANUFACTURING

in Appalochia




— i -

Al Dato Center Dveop@rg
aNa Monufacturers

The major organizations constructing Al data centers in the United States include: CoreWeave: A rising GPU cloud company focused on Al workloads, building hyperscale Al
data centers, using NVIDIA GPUs to support everything from startups to enterprise clients.

Microsoft: Investing heavily in next-generation Al data centers, often powered by custom

silicon (e.g., Azure Maia Al chip). Equinix and Digital Realty: Provide colocation space increasingly tailored to Al tenants,
retrofitting facilities with high-density power and cooling for GPU clusters.

Google (Alphabet): Expanding Al-optimized data centers across the U.S., with its Tensor

Processing Units (TPUs) driving much of the Al workload, particularly for services integrated Crusoe Energy Systems: Operates carbon-reducing Al data centers focused on
with Gemini and DeepMind research. sustainable computing, including using repurposed energy sources that would otherwise
lbe wasted.

Amazon Web Services (AWS): Uses custom Trainium and Inferentia chips for Al/ML

workloads and supports the growing demand from enterprises integrating Al into Al Data Center Value Chain W

cloud architectures.

Semiconductors IT Infrastructure . CDrr_lEﬂe
Meta (Facebook): Building large-scale facilities designed around Al workloads, NESEY LN D sl Networking | [ __ Storage ilsomion
Micron .~ DL EM! BROADCOM | | \
o e . . . . . \J =4 AMDD dWws ﬂ o co .Hf v .||I'|. 5 T grﬂq -
emphasizing high-bandwidth networking and optimized compute clusters. sk Piinsg nViDia - ===y It Ay
( : ' VEL D&EL LN -
m m = grﬂq et — T o L ¥ =M Firerevorks Al
. “ . w . . . CPUs e aliln e || € PurESTORAG = baseten
NVIDIA: Co-developing Al 'supercomputing centers” with partners and investing in Al E o | ... AT A = SHINEG, R Feplicate
. . . AMDO ﬂ'n@. I'I"-rlhl-ﬁ. ARISTa, MVIDIA Hewlett Packard » .
infrastructure for training foundation models. % tenstorent GRAPHCORE | O | B
,[:_J .
Al Clouds
Oracle: Increasingly used in enterprise dpplications and through partnerships with Developers Data Centers W
NVIDIA Gnd COhere -l u'ml'h {.ITEI .l | CoroWeave
PONUCE i 1A © aws Q) o~ace O @3N 1] @ crusoe
s ) ) L. B8 oL reary |3 DATABANK AZUME s & Crusog Foewene
Tesla: Building Dojo supercomputing clusters for Al model training related to _ - Lambda
autonomous driving. oo — .
- Energy — Industrial Equipment Hyperscalers
. . . . . . Renewa uckear Electrical Equipment Cooling
OpenAl: Co-develops Al infrastructure with Microsoft, with much of its workload running e €D ce vernova || ) maomnr puuscace [ es o il T adws
T . tr ok VERTIV e VERTIV, =CRISIOE
on specialized clusters in U.S.-based Azure data centers.  ENPHASE | | @mergos (2 HELION \L - Gl S L\
Oil & Natural Gas ' o Batteries ABB E.T°N J G AZure
o 4. . . . Chevron e ponar rowen O }ICECTOPE  submer
Apple: Building out U.S. data centers to support more machine learning workloads behind Ex¢onMobil g R T - SIEMENS @ o« veanovs ock CHILLDYNE - :’
Siri and Vision Pro. a NI vowar TRELE N e = = .

Source: Eric Flanagan, October 13, 2024
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ASSOCIOtIONS & Resources

Associated General Contractors of America: The Associated General Contractors of
America (AGC) represents a broad range of construction firms, including those
specializing in data center construction.

Data Center Coalition: The Data Center Coalition (DCC) serves as the membership
association for the data center industry, advocating for favorable business climates,
policies, and investments that support the sector's growth and success. DCC engages
in public policy advocacy, thought leadership, and community outreach to promote the
economic and community-building impacts of data centers.

The Green Grid: The Green Grid (TGG) is a global consortium founded in 2007, uniting data
center industry stakeholders—including end-users, policymakers, technology providers,
facility architects, utility companies, and academia—to promote energy efficiency and
sustainability in data centers. Now an dffiliate of the Information Technology Industry
Council (ITl), it develops tools, provides technical expertise, and advocates for optimizing
energy and resource efficiency in data center ecosystems, aiming to enable a low-
cadrbon economy.

Uptime Institute: Uptime Institute (U1) is an independent advisory organization dedicated
to enhancing the performance, efficiency, and reliability of business-critical infrastructure
through innovation, collaboration, and impartial performance certifications. It is globally
recognized for establishing and administering the Tier Standards & Certifications for data
center design, construction, and operational sustainability.
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ASHRAE Technical Committee 9.9, Mission Critical Facilities, Data Centers, Technology
Spaces and Electronic Equipment: ASHRAE is an international society of heating,
refrigerating, and air-conditioning (HVAC) professionals. ASHRAE TC 9.9 focuses on

the design and operation of data centers, particularly in areas related to HVAC and
energy efficiency. It provides technical guidance and standards for maintaining optimal
environmental conditions in data centers.

DOE Manufacturing and Energy Supply Chains (MESC): The US Department of Energy’s
Manufacturing and Energy Supply Chains (MESC) office serves as the frontline of America’s
energy manufacturing deployment and supply chain security. Their mission is to enhance
economic and national security by eliminating vulnerabilities in the United States’ energy
supply chains.

The MESC offers competitive grant opportunities for small to medium-sized manufacturers
that focus on manufacturing expansion and workforce training. Efforts span battery
storage, grid components, critical minerals processing and recycling, energy generation,
nuclear power, buildings and energy efficiency, transportation, and industrial materials.
Funding opportunities are announced periodically throughout the year. The office also
publishes reports on supply chain needs, market opportunities, guidance documents,

and factsheets.
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This Al Data Center: Overview report was created under the Energy & Manufacturing in
Appalachia (EMA) program made possible with grant funding from the Appalachian
Regional Commission. EMA provides technical assistance and business support to small
and medium manufacturers and enterprises seeking to expand business, production and
jobs in the energy supply chains. Energy is a big expense for manufacturing companies.
EMA helps companies save money with energy efficiency and emissions reductions.

The Al Data Centers Overview was drafted by Dr. Deborah D. Stine, founder of the
Science & Technology Policy Academy. She previously served as the Executive Director
of the President Obama’s Council of Advisors on Science and Technology, a Science &
Technology Specialist at the Congressional Research Service, a study director at the
National Academies of Sciences, Engineering, and Medicine, and as a professor of the
practice in engineering and public policy at Carnegie Mellon University.

For questions about this report, contact Dr. Stine at
deborah@scitechpolicyacademy.com.
(Copy and paste the email address into your mail reader of choice.)

26 | Al Data Centers: Overview

The EMA program supports Appalachia in 156 counties of Maryland, New York, Ohio,
Pennsylvania, and West Virginia. This program was established to help small and
medium manufacturers be a part of this Energy Economy. This program is managed
by Manufacturing Extension Partnership (MEP) organizations from five Appalachian
states. The activities and intended outcomes of EMA align with the National Institute of
Standards and Technology (NIST) MEP and its mission to enhance the productivity and
technological performance of U.S. manufacturing.

Learn more about the Energy & Manufacturing in Appalachia program by visiting:
https://www.wemakeithere.org/energy/ and join the EMA Linkedin group.

Contact EMA Program Manager, Tom Reed, directly at Tom@WeMakeltHere.org
and (412) 918-4269 with any questions or assistance.
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