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Today’s Topics

Load forecasting for large loads — focusing on data centers and manufacturing — in support of
reliability, affordability, and security
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Key Reference Materials for Decision-Makers

These documents provide a balanced, robust, well-evidenced knowledge base on large loads

PROJECT SPONSORED BY

CLEAN GRID

INITIA TIVE

GridStrategies @

Strategic Industries Surging:
Driving US Power Demand

immerman, and Rob Gramlich

U.S. National Power
Demand Study

March 2025

Background & Context

GridStrategies, Strategic
Industries Surging: Driving
US Power Demand,
December 2024

Outstanding breadth of
coverage, with
insightful analysis

If you can only read
one document, read
this one

The American Clean
Power Association, US
National Power Demand
Study, March 2025

Completed by S&P
Global Commodity
Insights, this is an
expansive and detailed
analysis of generation
demand

Excellent regional
coverage at the RTO /
ISO level

Load Forecasting Analysis

Electricity Demand Growth and
Forecasting in a Time of Change

Brattle

.

M \RMI
Get a Load of This

Regulatory Solutions to Enable Better Forecasting of Large Loads
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The Brattle Group, Electricity Demand

Growth and Forecasting in a Time of
Change, May 2024

» Excellent historical background on
load forecasting and load growth

» Using historic examples, illustrates
the risks associated with over- and
under forecasting load growth

The Rocky Mountain Institute, Get a

Load of This: Regulatory solutions to

enable better forecasting of large loads,
February 2025

» Broad treatment of different types of
load forecasting, including data
centers and manufacturing

» Offers specific guidance for
regulators, including “Discovery
questions for load forecasting”

/ﬁﬂ BERKELEY LAB
Energy Analysis & Environmental Impacts Divisio

2024 United States Data Center Energy
sage Report

ErPrRI

REINDUSTRIALIZATION,
DECARBONIZATION, AND
PROSPECTS FOR DEMAND GROWTH

Sector Specific Analysis

Lawrence Berkeley National Lab, 2024

United States Data Center Energy Usage
Report, December 2024

*  Comprehensive modeling and
analysis of historic data center loads

and the potential range of future
loads

» Relatively technical, but still
accessible
* Want to go deeper? Read these:

“To better understand AI's growing energy
use, analysts need a data revolution”

Datacenter Anatomy Part 1: Electrical
Systems; Datacenter Anatomy Part 2 —

Cooling Systems; AI Datacenter Energy
Dilemma — Race for AI Datacenter Space

EPRI, Reindustrialization

Decarbonization, and Prospects for
Demand Growth, July 2023

» Offers useful geographic and
subsector-specific information for
new US manufacturing electricity
demand

+ Beaware: EV & battery
manufacturing onshoring were
projected to be the largest growth
sectors, and current policy and
potential legislation may
negatively impact these plans
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Large Loads Comes in Different Sizes & Shapes

Data center (and manufacturing) loads present significant uncertainty in the near- to mid-term

 Among the sources of large loads, data
center loads are significant in terms of:

* The overall level of uncertainty
associated with their forecasts

» Their ability to easily move load to
different geographies

« As we will see, there are many different
types of data centers, which leads to:

« Varying levels of overall demand
and ramp rates

» Differing operating characteristics

e Unlike other sources of bulk demand,
such as manufacturing and hydrogen,
data center demand is:

* Much larger on an individual
customer basis, more dispersed,
and greater in overall scale across
the industry

» Relatively less sensitive to federal
policy changes
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Key Load Forecasting Characteristics, by Sector
(Source: RMI)

Near-Term Load Drivers
(Source: RMI)

Residential or
commercial EV chargers

Load shape

Illustrative depiction of Measure of confidence

load shape across the
day (may vary
seasonally) reality

that projections of

future load will match

Forecast uncertainty Flexibility potential

Price sensitivity of load
and willingness/ability

of customers to change
consumption patterns

based on signal

Flight risk

Likelihood that the load
will shift to a different

location if grid or

economic conditions

are not favorable
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Wide Range of Data Center Growth Trajectories

While the uncertainty bands are wide, even “low” data center growth is highly material

Historic and Projected Total US Data Center Load Range of Data Center Forecasts
(Source: LBNL) (Source: LBNL; edited by EPE for clarity)

* While data centers have been around for 600 :
decades, several new factors are driving o Bosten X
steep load growth, including: rown, 202 f |

« Significantly higher power 500 - P
requirements for AI GPUs > 6.7-12.0% o

- Large growth in number of Al GPUs L5 o/ erRi, 2024

+  Higher utilization of AL GPUs £ < 400 . P s v
relatively to historic processors u% E E 78 I

 The spread in the load forecast estimates 5 - i 2o A . 0/;; o epR, 2024
is driven by many factors with % S 300 5 bl
uncertainty, including: OE 2 ,,'p’ /PR

« Quantities and type of future © 3 v A P
equipment shipments a6 200 2 200 . 70 il

« Operating practices & system = g e ey o W N ISP
utilization § 1.9% of US Total =l £8" eorm,man

« Cooling system type & efficiency 100 - N\ S e Low Case

* To evaluate data center load growth,
consider the following:

Roston

e Isita top- down or bott om-up 0 < I I ! H{storic:al ! I I >l|<—FL'1ture S'cenari'o Ran?e—) 100 g°"“";g§3
. roug,
analysis? 2014 2016 2018 2020 2022 2024 2026 2028
* Are the inputs and model
transparent? Figure ES-1. Total U.S. data center electricity use from 2014 through 2028. 2:(223, e SRR RN SR S0
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Understanding Data Center Growth in Four Charts

Total server installed base for 2014-2028 with higher bound
shipments (left). Adjusted installed base with lower bound

Aggregate average power draw of various server types across each analysis year GPU shipments (right)
(Source: LBNL, Figure 3.7) (Source: LBNL, Figure 3.9)

40

low high

historical | <— future scenarios —>

=t
IS

historical | < future scenarios > 6

Il Al-8GPU
| B Al-4GPU
- | 357 mmm AI-2GPU _
§, et i —— Al-8GPU = . Al Ngn-AcceIerated ’G"F',Q'I ggg
= | 5 — AI-4GPU 2 30 M Multiple Processor Count 1
© i . i = B Dual Processor
5 107 ! 2: Nf)r? zgcelerated % 1 Shgle Processr
aQ I — - J
3 : 4 s . 0
g | EERSTRGERRAy Al GPUs use The number of installed 8
4 Processor
E 0'8_ : — L] L] L] L] L] L] o 1 i
z | 3 ~ Dual Processor S|gn|ﬁcantly more Al services is gI‘OWII‘Ig %
ﬁ ! Single Processor . .mo 1
= energy sighificantly -
g : 21 2
=4 al I
<04 : &
=} |
£ ______,_-——-—-—-"/
< 0.2 i 1
i | | | | 4| , gl , , , , 2014 2016 2018 2020 2022 2024 2028
2014 2016 2018 2020 2022 2024 2026 2028 2018 2020 2022 2024 2026 2028 Historical Future Scenario Range
Operational time of servers by server type Server annual electricity usage by type
(Source: LBNL, Figure 3.6) (Source: LBNL, Figure 5.1)
100 : 400 high
historical :<—future scenarios —> B Al -8 GPU
i Al Trainin 3501 MEME Al - 4 GPU 1
T i 3001 MM Al Non-Accelerated 1
2 i %E BN Multiple Processor Count
© | —
o i ° = 41 B Dual Processor 1
g o | ’ Combined, these three Yol e b
: Hyperscale TH . . N o g
v : Server utilization is factors lead to dramatic 55 200 !
— __—f_—"___———f 1 S
= = —— increasing with Al i i gE
& 40 , g increases in overall data 3 150 S
— : .‘_g o)
: : colo center demand 8° ) |
n 20 _—f’—/—/ﬂ
e i 50 - .
0 . . . — , 0 e . ,
2014 2016 2018 2020 2022 2024 2026 2028 2014 2016 2018 | 2020 2022 2024 2028
Historica Future Scenario Range

€ELECTRIC
POWER 6
ENGINEERS



https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report.pdf
https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report.pdf
https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report.pdf
https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report.pdf

Data Center Demand Is Concentrated and Diverse

Location, location, location. “Data center” is a broad term, and the details matter.

Location & Size of Operating & Planned US Data Centers

(Source: S&P Global Market Intelligence 451 Research

US datacenter utility power demand
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Datacenter demand : l. . a
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Data compiled March 20, 2025.

Includes estimated datacenter campus demand and estimated city-centric geographic locations.

Excludes crypto-mining datacenters and enterprise-owned datacenters with the exception of Meta, Google, Microsoft,
IAmazon and Apple.

Source: S&P Global Market Intelligence 451 Research; Q4 2024 Data Center Knowledge Base.

|(c) 2025 S&P Global.
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While relatively
dispersed, data center
loads are also highly
concentrated in certain
states, like Texas,
Virginia, Oregon,
California, and Georgia.

But the composition of
those data center loads
are diverse, which leads
to different policies and
forecasting needs.

Data Center Type for Largest US Data Center Regions

(Source: S&P Global Market Intelligence 451 Research

Largest datacenter utility demand regions (MW)

NC
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mCrypto mining wHyperscale mLeased
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. 123
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Data compiled March 20, 2025.

Excludes enterprise-owned datacenters.

Utility power represents actual and forecasted total electricity supplied to the datacenter from the power grid, including IT
equipment, cooling, lighting, offices and security systems as of market monitor release date.

Sources: S&P Global Market Intelligence; 451 Research Datacenter Services & Infrastructure Market Monitor & Forecast: US
focused released March 14, 2025.

@© 2025 S&P Global.
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Onshore Manufacturing Load Growth

EV/battery manufacturing is the largest sector of growth, but it is relatively modest compared to
data center growth

Announced EV & Battery Facilities (as of 3/2023) Peak Load Impact (MW) from New Onshored Manufacturing
(Source: EPRI) (Source: Brattle, citing EPRI)
Fuel / i
Ev & BATT E RY S PAC E B = Plastic/ Metals Sem:condu:_:tor/ Solar Wind Transportation (0]4,1-14 Total
ANNOUNCED ONSHORED FACILITIES & ESTIMATED ANNUAL LOAD W il Chemical Eeronic
‘ o o Southeast 327.3 34.1 8.3 - 25.5 - - 0.4 395.6
v Mountain-South 30.3 2.0 = 170.9 1.6 - - - 204.8
g Ohio Valley 98.6 4.1 78.7 - 3.5 = 0.0 0.0 185.0
MISO-East 127.5 20.0 - - - - 0.0 - 147.5
South Atlantic 129.8 0.0 1.3 - 1.0 - - - 132.1
California 32.3 - 54.8 0.1 9.3 - - - 96.5
Mid-Atlantic - 78.9 0.2 - 0.5 - 6.5 5:5 91.6
o Florida - - - 85.0 - - - - 85.0
o . | MISO-South 2:3 52.4 27.4 - - - - 0.0 82.1
S
New York 12:5 B - 0.4 0.4 46.8 - - 60.1
. >500 GWh Texas 0.1 52.1 - - 1.5 - - - 53.7
) <500 GWh SPP 22.8 - - - - - 0.1 - 22.9
‘) @ 3 <100 GWh Pacific 11.6 : : : : : : s 11.6
<10 GWh MISO-North - - 0.6 - 0.2 - - 2.0 2.8
« <1GWh
, New England - - 0.0 - - - - 2.0 2.0
Not specified
States with Mountain-North 0.6 - - B - - - - 0.6
announcements
Total (MW) 243.6 171.3
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https://www.epri.com/research/products/000000003002027930
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[SO/RTO Data Center Load Forecasting Approaches

Conceptually, many ISOs/RTOs follow a similar approach - but the details matter!

ERCOT’s HB5066 Load Forecasting Process

(Source: ESIG Large Loads Task Force presentation)

PJM Process for Incorporating Data Center Load into the Load Forecast

(Source: ESIG Large Loads Task Force presentation)

EXISTING
LOAD

Executed Customer Agreements

Credible 3rd Party Forecasts
(e.g., S&P Global oil and gas)

-----------------------------------------

Transmission
Service Providers
(TSPs)

-----------------------------------------

Base Economic Forecast

Electric Vehicle forecast plus
existing Crypto Site Load growth
minus Rooftop Photovoltaic

ercot>

Incorporating Data Center into Load Forecast

Historical Existing Data ding da
Loads — ¢ Center Load — 0
History

PIM required those requesting a large load adjustment to complete a
detailed data template starting in 2024 to receive data needed in a
more uniform manner, including: (1) description of load, (2) monthly
peak forecast, (3) historical hourly loads, and (4) hourly shape by month
weekday/weekend if no history (if possible)

e

ERCOT has limited
data to be able to verify
loads provided in TSP’s

Officer Attested
load category, and thus
it cannot evaluate or
validate the
characteristics of the
load or its uncertainties

| g ERCOT LOAD FORECAST

cPe
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/. Total Data Center :
@@@ : Load (history and
= forecast) :

-------------------

Net Forecast
(excluding data
center history)

-

www.pjm.com | Public PJM © 2025



[SO/RTO Data Center Load Forecasting Approaches

Several RTO/ISO approaches leverage some form of derating of data center loads

ERCOT
(Source: ESIG Large Loads Task Force presentation)

I Forecast Methodologies

TSP-Provided Load Forecast
+ All contracts and Officer Letter

Loads based on the in-service dates
and MWs that the TSPs provided

ERCOT Adjusted Load Forecast —

180 Day delay for all contract and
, Officerletterload ..
+" Al new Data Center Load reduced "
" t049.8% of request
» Then All Officer Letter Load reduced:
", t055.4% of request

Pre-2024 Load Forecast Method

» Contracts only on the ramp schedule
provided by the TSPs

Key Takeaway: ERCOT will begin incorporating an adjusted Load Forecast in analysis that uses historic trends to
adjust the TSP-Provided Load Forecast.

PIM
(Source: ESIG Large Loads Task Force presentation)

PUBLIC

ercotS o |

é@jm PJM Process Summary

1. Review the level of commitment:

= Could include load related to in-service, under construction, with Electric Service Agreement
(ESA), or with identified tenant arrangements

2. Requests in terms of capacity ask are translated to demand

3. Ramp schedule

= Data center projects should have ramp into final demand in 3-4 years or more

4. Vendor comparison

www.pjm.com | Public 13 PJM © 2025

MISO
(Source: ESIG Large Loads Task Force presentation)

CEC (CAISO uses the CEC’s IEPR forecast, with IOU input)
(Source: CEC)

Publicly stated data center plans require moderation of forecast assumptions to
reflect phased deployment and observed industry realization rates.

Project adjustments for data center forecasts Provisional Load The total projected
capacity of new data center projects as

initially announced, either publicly or
through interconnection requests.

Provisional load

L iy WL ML, L L S L WL R ML 2 Deployment Adjustment Reflects the extent
= & Deployment Adjustment ~ 25-40% = to which stated capacities are deployed in
* . practice.

Ramp Rates Projects are expected to phase-
inover time, at an expected rate of
approximately 20% annually.

Unrealized Load The portion of the adjusted
provisional load that has not yet materialized
on the grid, accounting for uncertainty in
project timelines, execution, or actual usage
behavior.

Ramp rate ~20% per
year

Unrealized load

Metered load Metered Load The real, measured electricity
consumption from operating data centers—
used to validate assumptions and refine
forecasting models.

Yri Yr2 Yr3 Yr4 Yr5

11 £ MISO

PG&E and SCE Methodology
Updates

------------------------- I

«:For PG&E and SCE, a confidence: Group 1 . 50%  70% 70%
‘level was applied by application - Group 2 1 - - 50% .
S Goup3 L ... -, .10%:

» SCE T&D planning
* Group 1: completed or to-be e e .
completed engineering studies SCE | Low | Mid | High |
* Group 2: Active applications prior ~ T&D planning ;| 100% 100% 100%.
to initiating engineering studies Group 1 Yo50% 70% 70%.
 Group 3: Project inquiries Group 2 i - 50% 50%-
Group 3 ] - - 10% - 50%:
i per SCE.

----------- C

PG&E, Palo Alto, SVP, San Jose, SCE) ,
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https://www.energy.ca.gov/sites/default/files/2024-12/Data_Center_Forecast_Update_ada.pdf

State-of-the-Industry in Data Center Forecasting

Overall, there is “no consensus” among utilities; practices and forecasting methods vary widely

Trends Regarding Utility Data Center Load Forecasting

(Source: EPRI)

General tfrends in load forecasting with DCs

= No consensus among 24 responding utilities®* on how DC service
requests are included in load forecasts

— Ten utilities include the full requested capacity (as specified by the DC
customer) but 8 of the 10 ramp the capacity over time

— Another eight utilities include a derated capacity value based on specific
weighting criteria (see next page)
— Six utilities do not presently include DC requests in their load forecasts

= All face challenges around incorporating DCs into load forecasts
given the speculative nature of some DC service requests

*One utility (out of the 25 total) did not respond to this specific question

=)

cPe
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State-of-the-Industry in Data Center Forecasting

Overall, there is “no consensus” among utilities; practices and forecasting methods vary widely

How Some Utilities Derate Data Center Loads
(Source: EPRI)

Examples of how five utilities derate requested data
center capacity values for use in load forecasting:

Utility A: = Utility D:
—  Derating depends on multiple factors, but DC type has largest impact. Also, —  Derating based on multiple factors, including historical experience with other
generally derate colocation DCs more than enterprise. similar customers.
—  Derates DCs more than other large loads due to less accurate information —  Currently treats DCs differently from other large loads for load forecasting.
from DCs. Within DCs, derating varies based on type of DC, MW size, etc.
Utility B: —  Current experience has led to derating crypto mining customers more than

hyperscalers given hyperscale DCs tend to more closely adhere to their

-~ Considers DCs in the forecast process similar to other large loads. But tends
contract loads.

to have less information about DCs, which leads to more uncertainty.
—  Only considers DC customers in five-year load forecast who have signed an
agreement with the utility.

Utility E:

—~  For corporate load forecast, consider each DC individually but focus is on
forecasting DCs in aggregate.

Utility C:
—  Derates all DC requests by 20% based on prior experience. Will also vary the

derating when forecasting multiple scenarios, for example, a 10% and 0%
derating.

—  Derating depends on multiple factors, but biggest factors are (1) whether the
data has submitted a formal connection request and (2) whether there is
available infrastructure to support the DC’s requested capacity.

—  Derating of DCs for load forecasting is more granular than other large loads

—  DCs are currently the only sector for which their load forecasts are based on ] ) . -
given the diversity and uncertainty of DCs as a category.

connection requests. However, considering applying a similar derating
process for electrolysis projects in the future.

None of the responding utilities provided an explicit

calculation/equation for derating DC for load forecasting.

27 © 2024 Electric Power Research Institute, Inc. All rights reserved [ = r=d]
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State-of-the-Industry in Data Center Forecasting

Examples of more complex utility data center load modeling approaches designed to better

address uncertainty

Southwest Utility Example

(Source: ESIG Large Loads Task Force presentation)

Southeast Utility Example

(Source: ESIG Large Loads Task Force presentation)

Dominion Virginia Example
(Source: DOM VA 2023 IPR Testimony and 2023 IPR)

-------

Matrix |-

Customer Discounted Final Load
provided load Score Load Ramp
120
100
80 68% Score
Discounted

MW

60
40
20
1 2 3 4 5 6 7

0
9 10
Forecast Horizon (Annual)
AN

\

The “Matrix Score”
concept is designed to
reflect uncertainty
across multiple
dimensions, such as
energy infrastructure,
client construction,
development permits,
land acquisition, and
other intelligence.
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= Likelihood of Connection Tttt raterateaaaeaaasaaaraaenaaeeas
— Binaryvariable to determine if customer locates on 1222
system 1V400
— Uniform distribution (randomized to match probabili g 12
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Transparent inclusion
of historical data
compares the actual
data against past
forecasts.

Forecasting Methodology

The Company has been tracking data and preparing forecasts for a long period of time and has
developed a very robust forecast methodology. Figure 4.1.5.1 compares the Company’s forecast
to actual data center demand for 2020-2022.

Figure 4.1.5.1 — Data Center Industry Peak Billed Demand in MW
Company Service Territory

Forecast and Results Variance % of
Forecast Variance
Year Forecast Actual Over/(Under) To Actual
2020 1,559 1,808 249 14%
2021 2,179 2,302 123 5%
2022* 2,848 2,767 (81) -3%
+ % 2022-wag theryear of the transmISSion €apacity CONSUAIALs = = = = = = =+ = = = s s = # # = s s s s s s s s s 222 ssnnss N

The Company models industry demand growth using the following method:

e Segments the modeling using the eight largest or fastest growing customers and a ninth
model consisting of all remaining customers combined into one segment — nine models in
total
Statistically models sales in MWh including lost retail choice sales
Statistically models demand (MW) using three different approaches
o Approach I: linear regression of demand
o Approach 2: polynomial regression of demand
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Estimate future retail choice conversions (lost MWh sales)
Develop high, medium, and low demand scenarios
In total, there are 27 models used to develop the forecast

Inclusion of
confidential customer
intelligence provides
unique insights that can
help calibrate a
forecast.
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https://www.scc.virginia.gov/docketsearch/DOCS/7%25wk01!.PDF
https://www.dominionenergy.com/-/media/pdfs/global/company/2023-va-integrated-resource-plan.pdf?rev=ef1a3f88f0704539968b6d9d86444bde

Bottom-up Data Center Modeling: The Gold Standard?

Berkeley Lab’s Data Center Energy Usage Report represents a robust publicly available data center
load forecasting methodology. Is it a feasible model for others to emulate?

Flow chart for the data center electricity model used in LBNL study
(Source: LBNL; Figure 2.1)
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https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report.pdf

Questions States Can Ask

 What data sources did you use to develop your large load forecast?
 How did you collect the data, and was data collection standardized?
« How did your data sources change from previous years?
* Are you incorporating customer intelligence to develop and adjust your load forecasts?

« What assumptions did you make in your modeling?

* Did you derate the load capacity requests? If so, by how much, and what data did you use to inform your derating?
 How did you incorporate the load’s ramp rate?

 If you conducted simulations, what assumptions formed the basis for the parameters you used?

 What modeling methods did you use?
* Did you make any changes to your methods this year? If so, what impact did those have on your results?
« How did you benchmark your approach against methods?
« What steps did you take to stress-test and validate your results?
* How do your results compare against your past forecasts?
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Actions States Can Take

e Public utility commissions can:

* Provide clear guidance to regulated utilities regarding the information and data sources they use to develop their
large load forecasts
« Consider implementing the use of data collection templates to standardize data collection

* Require reporting on forecasting methods (including data inputs, modeling methods, and data outputs), changes to
forecast methods over time, and forecasting error (compared to actuals), an explanation of the likely sources of
difference, and what steps can be taken to reduce future error

o State energy offices, utility consumer advocates and other stakeholders can:

« Collaborate with staff and officials in jurisdictions where large load forecasting practices are well
established and validated to learn best practices

« Build trust and understanding by setting up individual meetings with utilities to understand the details of
their large load forecasting methodologies, the data sources they use, the improvements they’ve made
over the years, the biggest challenges they face, and how they are planning to address these challenges
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