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Backdrop: Significant Data Center Growth

Data center power consumption,
by providers/enterprises* (gigawatts)

356 :
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20 — Growth Rate

CAGR
B 443.0%
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SOURCE: MCKINSEY & CO.
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Share of State's Electricity Used by Data Centers In 2030

Highest 25.6%
SOURCE: ADAPTED FROM EPRL



Types of Large Loads

* Data center loads constitute 80+%
of load growth across the Western
Interconnection [wecq

* 100s to 1000s of MWs per request

* Driven by largest corporations in
the world

* Rather significant speculation

* Speed to construct and is key
driver
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Transportation
Electrification = e
~40 light-duty EVs on -~ ~

T the road by 2030
Mining Operations

Range from a few kW ~ Electrified Heating
to 100s of MW and Cooling
May drive new demand

peaks during extreme
weather

e
e [REEENIRY

Data Centers
100s or 1000s of MWs

Large Industrial
Manufacturing
Mearly tripled from

2020 to 2024 ~ Hydrogen Fuel Production

Could equal EV demand
in 10-15 years

Mineral Mining
Driven by semiconductor
manufacturing and

Grow Houses/
Agricultural Loads

other factors Consume 4-6 MWh
per kg of product
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Faint Signals: Reliability and Stability Risks
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Timelines for Grid Infrastructure vs. Data Centers I:)E’EVATE

NERGY CONSULTIN

Transmission I-*’ “-I Plarning and " Build

Infrastructure Y- 7 years 3 years
e 1

Synchronous /grlx" ! Build

Generators == 2 years

Inverted-
Based
Resources

f P-r:mutu Busild
I-..\.Gj.:.
Data Centers /¢S New data canter
L KD "'f / -2 to 3 years

Years 0 1 2 3 4 5 6 7 8 9 10 1
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The Balancing Act: Speed vs. Reliability

ECONOMICS

« Significant long-term, predictable
revenue streams for utilities

GRID RELIABILITY

« Overloaded or congested
transmission infrastructure

« Transmission expansion and
development

« Voltage and frequency stability
issues

« Enhanced infrastructure
utilization

« Interconnection backlog

. - inundation
« Potential for demand flexibility /J « Regulatory risks and hurdles
« New service models AEC"““mi“u hili « Uncertain operating
: : characteristics
- Tax breaks, incentives, \\ Y/

and economic development
packages

» Reliance on baseload
generation to serve loads

» Local jobs creation

SOURCE: ELEVATE ENERGY CONSULTING
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Key Attributes of Data Center Loads

Size
B Far larger than historical loads
B Larger grid reliability

impacts

B Major system
upgrades

Load Characteristics

B May present risks to grid
B Can impact nearby customers

Prevalence

B High number of requests

B Overwhelms utility processes
Attributes of
Data Center
Loads

B Possible delays and backlog B Equipment integrity concerns

Sensitivity to
Grid Disturbances
B Requires high-quality power

Difficulty Sharing Data

B Limited customer transparency

B Sensitive technology concerns

W Lack of useful load models B Uncoordinated protections

B Widespread tripping risks

E>[?EVATE x GridLAB
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Key Reliability Challenges with Data Centers

Ramping, variability, and uncertainty

Impacts on frequency response and voltage control
Generator cycling and strain

Transmission utilization constraints

Ride-through performance and dynamic response
Power quality issues

Transient stability impacts

Subsynchronous oscillations

Protection system impacts

a' P
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The Shakes, Spikes, and Fuzz
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Examples of Power Quality Issues

Flickers Harmonics Over/Undervoltages
Swells Unbalance Sags
Interruptions Transients Frequency Deviations

AA/}\ SOURCE: ELEVATE ENERGY CONSULTING. ADAPTED FROM FS, INC., (WWW.FS.COM).
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. lLarge Load
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ERCOT Large Load Interconnection Queue

é 100,000 — PROJECT STATUS 04371 99.047
= B No Studies Submitted
-% 80000 _ M Under ERCOT Review
e B Planning Studies Approved 67345
E B Approved to Energize but Not Operational '
8 60,000 — B Observed Energized
o
3
£ 40,000 —
7
&
o 20000 —
©
= 468 5239
a 2,634
0]
2022 2023 2024 2025 2026 2027 2028 2029 2030

Year SOURCE: ERCOT.
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Large Load Interconnection Enhancements

Build
or Improve a
Transparent and
Streamlined
Interconnection
Process

Monitor
Operational
Performance
and Adherence to
Requirements

Identify
Corrective
Actions and
Fairly Allocate

Costs

Safeguard

Customers Through

Updated Rate and
Tariff Design

Develop
Accurate Models

Raise the Construct,

Barrier to Entry Commission,

and Establish and Conduct Test, and
Large Load Adequate System Interconnect

Requirements Reliability Large Load

Studies

SOURCE: ELEVATE ENERGY CONSULTING.
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Raise the Bar:
Technical Requirements

* Load size limits

* Data and model sharing

* Data recording and monitoring

* Ride-through performance

* Power factor/reactive power

* Power quality

* Oscillation Damping

* Short-circuit and protection

* Operational control and communications
* Emergency response

* Operations and maintenance

* Demand response

* Utility right to monitor and enforce requirements
E%me x GridLEB
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Implement a Clear Interconnection Process

Interconnection /¢
Application | ) FeaS|b|I|tyStudy
Pre-Application I;,/ ‘l o
Phase %
MILES

Initial Screening and

| Large Load System
g " Impact Study
e -
OF A LARGE LOAD
INTERCONNECTION -\
PROCESS E

E{'h/}’x Cog:;:;:?:g::d / Signed Interconnection
EVATE x GridlEB : Agreement
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Post-Interconnection 3:

Monitoring and Compliance \ / Large Load

Facilities Study
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IBRs and Data Centers: More Common Than Not?
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Cenerator
Interconnection
Process

Standardized
interconnection v
processes V
per FERC Order /

No. 2023

Standardized

modeling and

studies using

e cluster study
approach

B NL

First-ready.
first-served approach

y/ Stricter

financial
commitments

Crackdown
on speculative
projects

Large Load
Interconnection
Process

Non-
standardized
serial
interconnection
processes

s
e
—————— e,
—————
R ——

Lack of

transparent and
repeatable
\ processes

4

study
processes ®

Ad-h
poorly g:f':;red ‘,'

Inconsistent
and unknown
interconnection
timelines

M
Backlogged "=
queues with Iack"’
of clarity of
primary reason

Unclear and
inconsistent cost
allocation

0o

SOURCE: ELEVATE ENERGY CONSULTING
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UTILITY LOAD

HV 3
UPS - .. Lighting
N . System
B-18- B
¥
E a Office
E-STATCOM i m
or BESS Backup Generator
may connect to MV or LV —
_ m PDU |

Active Filter

Cooling Phase C

System
Passive PDU
Filter
Phase B PDU
Capacitor
Eank Phase C

PDU

Note: Not all facilities shown are included in every data center.
The figure is illustrative Data center configuration may differ
based on size purpose, and other design factors.

Cooling
System

SOURCE: ELEVATE ENERGY CONSULTING.



Powerflow

Studies

- Thermal

overloads
and voltage
violations

. Congestion

E-)l?“/)""
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and available
transmission
services

GridLEB

Transient
Stability
Studies

- Angular

stability

and electro-
mechanical
oscillation

- Voltage

stability,
ride-through

performance,

etc.

. Complex

stability
phenomena

Power
electronic
interactions
and
oscillations

Short-

Circuit
Studies

- Breaker duty,

protection

coordination,

co-located
generation
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Complex Solutions Require Complex Studies

Transmission System
@

Point of /
)

Interconnection (POI

POl Protection Scheme and
Power Flow Controller

Large Load
Power Compensation

Device

On-Site
Source: SMA Generation
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Solution Example: E-STATCOM

|
Datacenter Load
with E-STATCOM ||

g

g8 8
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Regulatory
Considerations
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Regulator Questions

* Protecting existing customers

* Jurisdictional issues

* Application process

* Interconnection requirements

* Queue management

* Operations and performance

* Load forecasting

* Load modeling and studies

* Financial and other terms of service

E%?AE/\)/Z?E x GridLEB
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