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M Let's get on the same page...

What are data centers???

3 Copyright © 2026 Trinity Consultants. All rights reserved. For educational purposes onl



M Let's get on the same page...

» Data centers are the physical facilities that power cloud computing,
artificial intelligence, streaming, online banking, and other digital services.

» They aggregate and manage the computing resources needed to support
millions of users and connected devices.

» For most organizations, centralized data centers provide greater efficiency,

reliability, and security than maintaining computing resources in many
separate locations.

Source: Data Center Coalition, "Data Center Industry," https://www.datacentercoalition.org/data-center-industry
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Interconnected: A Practical Look at
Data Center Operations, Power, and
Air Emissions
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Disclaimer Statement

All material in this presentation, including text and images, is only for guidance purposes
and should not be exclusively used for regulatory compliance obligations. As such, the
presenter and Trinity Consultants, Inc. are not liable for any regulatory obligations or
implications due to any erroneous, inaccurate and/or misleading information that may be
included in this presentation.

The presentation material is protected by copyright law and such copyright is owned by
Trinity Consultants, Inc. unless credited otherwise. It may not be copied, reproduced,
republished, downloaded, posted, distributed, broadcast or transmitted in any way
without the copyright owner’s consent, except for your own personal, non-commercial use.

This presentation has been modified from its original version.
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B 01: Introduction

What are data centers?

» Data centers are facilities that store, process, and transport digital
iInformation.

» They convert electrical power into computing services such as streaming,
email, online banking, cloud computing, and artificial intelligence.

» Because these services operate around the clock and cannot risk
corruption, data centers require continuous and reliable electrical power.

» Data centers often have redundancy
(n, n+1, or n+2) to protect their services.
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B 01: Introduction

Are there different types of data centers?

» Enterprise (“Private”)
« Often supports one organization’s operations.

» Colocation (“Colo”)
« Often follows a landlord-tenant business model.
- The owner provides infrastructure (building, power, cooling, and connectivity) for customers’
equipment.
» Hyperscale
« Deliver cloud services at massive scale across multiple regions.
« Designed to rapidly expand computing capacity to meet demand.

» Specialized

« Designed for a specific purpose such as Al, cryptocurrency, high-performance computing, or edge
computing.
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B 01: Introduction

It can’t be that simple, right?

» The industry and the operators are not rigid.
» The types will often overlap.

« Enterprise services may colocate with others.

« Specialized data centers may offer infrastructure to tenants.
» Terms like hyperscalers have multiple meanings.

« Could refer to cloud-based services with the ability to expand.

« Could refer to campuses with the ability to expand and colocate with other
services.
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B 01: Introduction

The data center market'’s historic and potential growth.

> 2022: U.S. Data Center Market = e
° 8,000 data centers glO ba“y Size, by Type, 2020 - 2030 (USD Billion) GRAND VIEW RESEARCH

e ~30% in U.S.
« Global market = $194.81 billion

> 2024: = B 10.7%

$46.88 == B U.S. Market CAGR,

« 10,655 data centers globally $43.38 am B 2023 - 2030

« ~50% in U.S. (5,381 data centers)
» 2026 - 2033: ] l I I I

e 2026 EXp Global market=$425.3 billion 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

L. @ On-premise Hyperscale Colocation @ Edge
2033 Exp. Global market = $902 billion

Source: Grand View Research, Data Center Market Size, Share & Growth Report, 2026-2033,
https:/ /www.grandviewresearch.com/industry-analysis/data-center-market-report
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Bl 02: Follow The Electricity

Data Center Energy Use

» Actual energy use varies by facility design, climate, and workload.
» An example of data center energy requirements:
* 40% Data Storage, Processing, Computing, Al, etc.
« 40% Heat Rejection
« Air-Cooled Chillers

- Cooling Towers / Water-Cooled Systems
« Immersion Cooling

 Direct-to-Chip Liquid Cooling
« 20% Support Technology and Monitoring Equipment
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Bl 02: Follow The Electricity

Where is the electricity coming from?



02: Follow The Electricity

There are several data center electricity models.

RICE or turbines providing Temporary and permanent Permanent behind-the-
primary power systems operating during a meter generation
transition period

Temporary bridge power Utility Power plus Utility power plus
pending interconnection supplemental generation emergency generators
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B 02: Follow The Electricity

Utility / Grid Connection with Diesel-fired Backup Generators

Utility power plus
emergency generators

Traditional / Common
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Bl 02: Follow The Electricity

Power Generation Model

Power Generation / Power Plant

| I

RICE or turbines providing Permanent behind-the-meter Temporary and permanent
primary power generation systems operating during a
transition period
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Bl 02: Follow The Electricity

Utility / Grid Connection with Diesel-fired Backup Generators

» We will continue the discussion and focus on the Utility / Grid Connection
with Diesel-fired Backup Generator model because this structure is most
common.

Utility power plus Traditional / Common

emergency generators

18 | Copyright © 2026 Trinity Consultants. All rights reserved. For educational purposes only.



B 02: Follow The Electricity

Fundamental Data Center Operations

Utility Switch (ATS)

Supply
(UPS)

EMERGENCY GENERATOR
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B 02: Follow The Electricity

Fundamental Data Center (Normal) Operations

Utility Switch (ATS)
Power

Automatic Transfer ;,interruptible Power
Supply

EMERGENCY GENERATOR

Maintenance Runs
Load Bank Tests

20 | Copyright © 2026 Trinity Consultants. All rights reserved. For educational purposes only.

Air-Chilled

Server Racks Cooling System

e BLUE = ELECTRICAL POWER

=== (RANGE/RED = HEAT FLOW




Bl 02: Follow The Electricity

Fundamental Data Center (Emergency) Operations

Automatic Transfer . .

s ! Uninterruptible Power
Utility Switch (ATS) Siitibl

Power ERY

(UPS) Server Racks

Air-Chilled
Cooling System

.
EMERGENCY GENERATOR === BLUE = ELECTRICAL POWER

=== (RANGE/RED = HEAT FLOW
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Ml 03: Data Center Air Emissions

Data Centers aren’t like most industries
» Many industrial facilities generate air emissions from manufacturing processes:
« Coating & Painting
e Curing & Drying
 Cutting, Sawing, & Sanding
« Chemical Reactions & Processes
* Fuel Combustion

» Typical data center sources of air emissions:
« Emergency Generator Engines
« Fuel Storage Tanks
« Cooling Towers
« Engine Power Fire Suppression Systems
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Bl 03: Data Center Air Emissions

Typical Data Center Emission Streams

» Emergency Engines:
« Maintenance & Readiness Runs
* Load Bank Tests
 Emergency Runs

» Fuel Storage Tanks:
« Working Losses
« Standing Losses

» Cooling Towers » Note: Fuel Storage Tanks and Cooling Towers are
- Drift droplets containing dissolved considered de minimis or insignificant sources by some

solids states.
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Bl 03: Data Center Air Emissions

Common Air Pollutants & Where They Come From

COMMON POLLUTANT

TYPICAL SOURCES

PARTICULATE MATTER (PM, PM,, PMz.s)

FUEL COMBUSTION & DRIFT

SULFUR DIOXIDE (SO,)

FUEL COMBUSTION (S + O, + HEAT = SO,)

NITROGEN OXIDES (NO,)

FUEL COMBUSTION (N + O, + HEAT = NO,)

CARBON MONOXIDE (CO)

FUEL COMBUSTION (Hydrocarbons + O, + HEAT = CO)

VOLATILE ORGANIC COMPOUNDS (VOC)

FUEL COMBUSTION & STORAGE/TRANSFER

OZONE (0,)

PRODUCED FROM PRECURSORS (VOC + NO, + HEAT/SUNLIGHT = 03)

HAZARDOUS AIR POLLUTANTS (HAP) and State Toxic Air Pollutants (TAPs)

FUEL COMBUSTION, FUEL STORAGE/TRANSFER

GREENHOUSE GASES (GHGs), MAINLY CO, & METHANE

C0,, CH,, & NO, FROM FUEL COMBUSTION
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Ml 03: Data Center Air Emissions

Emission Calculation Parameters

» Emergency Engines:
* Size (kW or hp)
 Fuel Consumption (gallons or liters per hour)
« EPA Certification (Tier II, I, V)

» Fuel Storage Tanks:

- Capacity (gallons or liters)
« Fuel Use / Turnovers

» Cooling Towers
 Drift Percentage
* Flow Rate
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Bl 03: Data Center Air Emissions
A Note About Horsepower (hp)

» For data center engines, we are interested in
mechanical horsepower (hp)
 Instead of electric hp or any other hp unit

« We may also use mechanical kilowatt
(kW or kW ...;,)

» More specifically, we use brake hp (BHP)
(or bkw) | 1 HORSEPOWER

* Power available at the engine crankshaft before 33,000 fo_ot-pounds
downstream drivetrain, generator, pump, or per minute
compressor losses.

* Do not use the hp rating of a compressor or pump
* Do not use the kW, (or kVa) rating of a generator
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Bl 03: Data Center Air Emissions

Why is Efficiency So Important?
» A substantial portion of the fuel's energy is rejected as heat rather than converted to
shaft power.
« Almost 3 hp of fuel energy (heat input) is needed to get 1 hp of mechanical energy (power
output) from an engine

» When moving from input to output, or vice versa, you must consider
efficiency (n)

* Power Out = Power In xn © Power In = Power Out + n
* 1nis35%to 50 % for most RICE
* EPA’s AP-42 assumes 36.3% efficiency for all engines

» Efficiency and conversion factors are often combined into one rate called “fuel
consumption” or “brake-specific fuel consumption”

* EPA uses 7,000 Btu/hp-hr in AP-42
* This is equivalent to 36.3 % efficiency (7,000 = 2,544 + 0.363)
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. 04: Data Center Air Permitting Strategy

Questions to consider...

» What are our goals?
« Power Requirement & Backup Needs
« Start of Construction
 Number of Campuses within a Cluster

» What is our air permitting strategy?
« Potential Air Emissions
« Potential Emission Limitations
« Control Devices
« Potential Permit Conditions
« Additional Considerations
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. 04: Data Center Air Permitting Strategy
What are our goals?

» Power Requirement & Backup Needs
« Power can limit data centers’ capabilities and services.

« Backup power contributes to reliability and may affect the customer base.

» Start of Construction
« The regulatory framework for beginning construction has shifted.
« September 2025: TSMC Arizona Begin Actual Construction — EPA Response Letter
« May 2026: EPA Proposes Redefining “Begin Actual Construction” to Remove Unnecessary Impediments
to Building and Advance Economic Progress
» Number of Campuses within a Cluster
« Same Industrial Grouping / Support Facility
« Common Control

« Adjacent
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. 04: Data Center Air Permitting Strategy

What is our air permitting strategy?
» Potential Air Emissions

 Potential to emit (PTE) for typical sources is
determined under applicable regulations, like
40 CFR 52.21(b)(4), using continuous operation
or 8,760 hours per year.

« Data Centers with backup power or emergency
generators do not operate in that manner.

* Previously, conservative PTEs and hours of
operation were based on 500 hours per year
from historic EPA guidance.

« Most data centers do not expect each their
units to operate 500 hours either.
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. 04: Data Center Air Permitting Strategy
What is our air permitting strategy?
» Potential Air Emissions (continued)

« However, current EPA guidance on PTE was not

written with data centers in mind but it is all
we have.

« See EPA’s Clean Air Act Resources for Data Centers

« This guidance puts large data centers with
many engines in a situation where synthetic
restrictions must be taken to avoid excessively
overestimating their PTE and triggering more
complex air permitting processes.
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. 04: Data Center Air Permitting Strategy

What is our air permitting strategy?

» Potential Air Emissions (continued)

« The difficulty of determining representative PTE based on current guidance
has motivated the industry to better characterize planned operations, improve
engine performance, and develop more representative emission factors.

e« Obtain Emission Factors from...

e Representativeness < ———
01 02 03 04

Direct Measurement Vendor Supplied Published Factors Certification Standards
» Engine Data » EPA AP-42 » NSPS
» Control Device » State Guidance » Subpart Il
Data

» Subpart)]))
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. 04: Data Center Air Permitting Strategy

What is our air permitting strategy?

MDEQ Greenfield PSD Construction

Construction (Un-Named Sources) Title V Operating
Pollutants (tpy) (tpy) (tpy)
Total Suspended Particulates -- 250 100
PM10 10.0 250 100
PM2.5 - 250 100
SO2 10.0 250 100
NOXx 10.0 250 100
co 10.0 250 100
VOC 10.0 250 100
Any Individual HAP 1.0 -- 10
Total HAP 2.5 -- 25
CO2e -- 100,000* --

*GHG emissions alone do not trigger PSD. GHG requirements may apply when PSD is otherwise triggered by another regulated NSR pollutant.
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. 04: Data Center Air Permitting Strategy

What is our air permitting strategy?

» Potential Emission Limitations
« Engine Operating Hours
« 100 hrs/yr/engine - NSPS/NESHAP Requirement for Maintenance & Readiness Testing
* 50 hrs/yr/engine - NSPS/NESHAP Requirement for Non-Emergency Use
* 500 hrs/yr/engine — Guidance from EPA’s Clean Air Act Resources for Data Centers
« Permit Applicant Discretion, Examples:
50 hrs/yr/engine for Emergency and Non-Emergency Use
450 hrs/yr/site engine use for Emergency and Non-Emergency Use
* Fuel Throughput / Combustion
 Install & Maintain a Control Device
« Uncontrolled versus Controlled Use
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Ml 04: Data Center Air Permitting Strategy

What is our air permitting strategy?

» Control Devices

« Varies by manufacturer and can be sold individually....or as packaged units

B R Diesel Particulate Filter P

W NO, - Nmm Oxides

@ SootParticle @ AshParticle

Carbon Monoxide
Soluble Organic Fraction

Particulate Ma:txk
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Images obtained from Kohler Power Systems:
resources.kohler.com/power/kohler/industrial/pdf/Diesel_Emission_Strategies_Aftertreatment_WP.pdf



https://resources.kohler.com/power/kohler/industrial/pdf/Diesel_Emission_Strategies_Aftertreatment_WP.pdf
https://resources.kohler.com/power/kohler/industrial/pdf/Diesel_Emission_Strategies_Aftertreatment_WP.pdf
https://resources.kohler.com/power/kohler/industrial/pdf/Diesel_Emission_Strategies_Aftertreatment_WP.pdf

. 04: Data Center Air Permitting Strategy

What is our air permitting strategy?

» Control Devices
« Varies by manufacturer and can be sold individually....or as packaged units.
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https://miratechcorp.com/products/scr-dpf-solutions/mira-cube/
https://miratechcorp.com/products/scr-dpf-solutions/mira-cube/
https://miratechcorp.com/products/scr-dpf-solutions/mira-cube/
https://miratechcorp.com/products/scr-dpf-solutions/mira-cube/
https://miratechcorp.com/products/scr-dpf-solutions/mira-cube/

04: Data Center Air Permitting Strategy

What is our air permitting strategy?

» Potential Permit Conditions
* Inventory
« Emission Rate
« Efficiency or uptime of control device
« Limit on operating hours
« Limit fuel throughput
« NSPS / NESHAP Requirements
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number, size, type of generator
lbs/hr, Ibs/day, tpy

%, time/temp after startup
hrs/day, hrs/yr

gal/hr, gal/day, gal/yr
Maintenance & Hourly Operations



04: Data Center Air Permitting Strategy

What is our air permitting strategy?

» Potential Permit Conditions
Are limits on each unit/engine? Or sitewide? Or both?

What is the averaging period for the limits, monitoring, and/or records?
Can the limits provide necessary flexibility for construction and operations?
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. 04: Data Center Air Permitting Strategy

What is our air permitting strategy?
» Additional Considerations

« EPA Engine Certifications
« Control device specifications, operations, and maintenance
« 40 CFR 60, Subpart Illl and Subpart JJJ) Applicability
« Equipment mapping and monitoring equipment
« Performance testing schedules
« Day-to-day changes in the industry
« Future regulations and guidance

41 | Copyright © 2026 Trinity Consultants. All rights reserved. For educational purposes only.



Questions?



Thank you

Slater Smith

Senior Consultant | Trinity Consultants, Inc.

141 Township Ave., Suite 304
Ridgeland, MS 39157

Telephone: (662) 415-6196

slater.smith@trinityconsultants.com

Trinity 2,
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