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Who we are

D k s NICHOLAS INSTITUTE
UKC M;forENERGY, ENVIRONMENT

& SUSTAINABILITY

The Nicholas Institute at Duke University accelerates
solutions to critical energy and environmental
challenges, advancing a more just, resilient, and
sustainable world.

The Nicholas Institute conducts and supports actionable
research and undertakes sustained engagement with
policymakers, businesses, and communitiesy in

addition to delivering transformative educational
experiences to equip future leaders. The Nicholas

f Ut qRaea qldkt Ws Y| DukeRGlirdséed RN U 1J |

Commitment (climate.duke.edu).
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GRACE Lab Duke | teenvironment ~
A Grid that is RiskAware
for Clean Electricity

] A 9EWx cHKt W 13t Yel #E6WIFGaY!l 134
technological, policy, and market approaches to contribute to
the pursuit of sustainability, affordability, and reliability in the
energy sector.

Primary research areas:

A Characterizing sources of uncertainty that increase the
financial and reliability risk of power systems, and
designing risk management strategies

WS '8|§ Exalglwljmr%g_lt e possibilities and advantages of designing

ql

0. :
feXipre poliCy mechanisms

A Assessing the economic, environmental, and reliability

potential of low-emissions energy technologies
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Goals foRRethinking Load Growth

A Support regulators and stakeholders in identifying
strategies to accommodate load growth without

compromising reliability, affordability, or progress on
decarbonization

A Provide informational resources and a firstorder
estimate of the potential for accommodating new
loads while mitigating or deferring capacity expansion

A Motivate additional analysis to more precisely
guantify headroom in each balancing authority
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Rethinking Load Growth
Assessing the Potential for Integration of
Large Flexible Loads in US Power Systems

Tyler H. Norris, Tim Profeta, Dalia Patino-Echeverri, and Adam Cowie-Haskell




Load flexibility offers a ne&rm solution

The US Secretary of Energy Advisory Board (SEAB) and the Electrical Power
Research Institute (EPRI) have highlighted a solution: load flexibility.

5 U.S. DEPARTMENT OF

© ENERGY

Secretary of Energy Advisory Board ‘ ‘ 'm

Recommendations on

A =
Powering Artificial Intelligence and Data a \ r le ’

Center Infrastructure

Optimize Data Center Operational
Presented to the Secretary of Energy on July 30, 2024 FIeXIbIIIty tO Help Strengthen the Grld

W[ YIORGGNT RE qItORG G Fq e tOq 6 IJKE I E A ADCHik HBhtide Yval BembAstrate

direct relevant offices across DOE to explore how data centers cansupport and
opportunities for temporal and spatial stabilize the electric grid while improving | o
flexibility in Al training and inference g g 4 ¢O RUqUI ARYUUUDRqRYUKE YT OO nn RARI]
EAB Recommendations (PDF) https://msites.epri.com/dcflex
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https://msites.epri.com/dcflex
https://www.energy.gov/sites/default/files/2024-08/Powering%20AI%20and%20Data%20Center%20Infrastructure%20Recommendations%20July%202024.pdf
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Al data centers lead US electricity load growth

US data center electricity use by equipment type, 2014 -2028

A Data centers could account 600 { o cervers - Al Specialized ] high
for up to 44% of US electricity BN Servers - Conventional
load growth through 2028 500 EEE Storage
W Network
B Infrastructure

A Al workloads are projectedto |
represent 50% to 70% of data
center demand by 2030 < 3001

|_

high

A Hyperscale and largescale

. 200 1
colocation data centers
account for the vast majority 100
of growth
9014 2016 2018 2020 2022 _ 2024 2028

Historical Future Scenario Range

Source: Shehabi, A., et al. 2024 United States Data Center Energy Usage Report.
Lawrence Berkeley National Laboratory, Berkeley, California. LBN2001637
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Al data centers lead US electricity load growth

A Data centers could account
for up to 44% of US electricity
load growth through 2028

A Al workloads are projected to
represent 50% to 70% of data
center demand by 2030

A Hyperscale and largescale
colocation data centers
account for the vast majority
of growth

US data center electricity use by space type, 2014 -2028

600 1 Hyperscale ] high
B Colocation - Large Scale
I Colocation - Sm/Med Scale
5001 mmm Internal il
i Comms SPs
B Enterprise Branch
4001 W SMB -
[ Commercial Edge
Telco Edge low
£
< 300 - |
|_
high
200 A 1 fow
100 A 1 I
0 T T — T — T T T 1 T - T :
2014 2016 2018 2020 2022 2024 2028

Historical Future Scenario Range

Source: Shehabi, A., et al. 2024 United States Data Center Energy Usage Report.
Lawrence Berkeley National Laboratory, Berkeley, California. LBN2001637
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Al data centers are siting iIn more remote locations

A Higher shares of Al training

workloads enables siting in
more remote locations

A More remote sitingenables
greaterability to co-locate
with on-site generation

A Remote siting may also
enable greater ability to
permit and operate backup
generators
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Data center presence in the US @ Primary markets

Secondary markets (@) Emerging markets

Existing demand of Lower but fast- Emerging demand in markets

more than 800 MW! growing demand where power is still abundant
. Northwest
Minnesota
. Boston
Northern , Wisconsin . .
California Wyommg. . Chicago Pennsylvania
Salt Lake City @) ® omana g Ohio @ ® @ New York
Denver . Indiana . . New Jersey
. Las Vegas . Yemeele . Northern Virginia
Los . . i
North Carolina
Angeles Albugquerque . Oklahoma Tenrgsee
. . South Carolina
Phoenix . Alabama
. Dallas .
o Atlanta
Austin/San Antonio . . Mississippi
Houston
. Florida

Source: Datacenters.com; S&P Global Market Intelligence
451 Research; McKinsey Data Center Demand model




Load growth Is colliding with resource constraints

A Transformer order lead times have risen to-5
yearsy up from less than one year in 2020
while costs have surged by 80% (NIAC 2024)

A Lead times for highvoltage circuit breakers
reached 151 weeks in late 2023, marking a
130% yearover-year increase (Wood
Mackenzie 2024)

A Interconnection wait times have grown
significantly, with some utilities reporting
delays up to 7 to 10 years (Li et al. 2024; Saul
2024; WECC 2024)
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Bridging the suppligide gap

GW 200
180
160 Gap to meet with
140 other supply and
demand-side
120
resources
100
80
60
40
0 - -
Projected Growth in Peak Available New Gas-Fired

Demand plus Reserve Capacity 2025-2030
Margins to 2030

Source: Sam Newell, Brattle, June 2025
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Headroom exists outside extreme peak hours

AThe load duration curve
illustrates system
utilization by ranking
demand from highest to
lowest over a given period

100 7

A More than 10% of the
system is built to serve
35 hours/year of extreme
peak load (avg.)

Share of Max System Peak (%)

40 A

30
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Load Duration Curve for US RTO/ISOs, 20162024

<« 98% of the time, >10% of the power system is unused T

- 95% of the time, >20% of the power system is unused 5P

P 80% of the time, >33% of the power system is unused

\

Balancing Authority
— CAISO

— ISNE
— MISO
— NYISO
— PM
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US power systems operate at 53% avg. load factor

ALoadfactor is the ratio of Load Factor by Balancing Authority and Season, 201612024
average demand to peak 80 S
demand and is an . : Z”Fr;;
indication of system . : . == Mogreen
utilization Ple et ¢

: .
AAggregate load factors £ 60 T st se . !
range between 43% to g ] T T TR s ey ., '
. w 3.17 _'_° 52.8% 52.7% 52¢% 52.4%
61%, with an average and %, | ] [] %02 st aoe
median value of 53% ]
Py 43¢4% 42.5%

AWinter load factors were 1 ’
notably lower than
summer (59% vs. 63% S99 I N B B e . . ‘ AL
averag e) \!\\%o & Qvé’ 0&0 & c,o‘“o & & @ & & é&o« Qro& & &L \‘5‘"\‘% chy\ & 5 v\c’o £ & vﬁsﬁ
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US NGCC fleet operates at <60% capacity factor

ANGCC plants run well Capacity Factor of US NGCC Power Plant Fleet (Annualized)
below fu_II potenthl, with percentage o
a fleetwide capacity 60% S7%
factor of 57% in 2022 ggff
despite being among the 159
most efficient thermal 40%
resources 35%

30%

o 25%

AEven the most efficient 20%

NGCC units are 1330

underutilized T new plants 5or

average 64% utilization 0%
despite cutting-edge 2008 2010 2012 2014 2016 2018 2020 2022

turbines and low marginal

Source: EIA Form E860M, Monthly Electric Power Industry Report
costs
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Implications for system planning and interconnectior

Less Flexible More Flexible
< New Load >

f Inflexible Loads \ / Flexible Loads \

AMore burden on system Al ess burden on system
peaks peaks

AMore likely to trigger need for AlLess likely to trigger need for
additional generation and additional generation and
transmission capacity transmission capacity

AMore likely to require longer APotential for accelerated

kinterconnection j Kgrid interconnection /
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Types of load flexibility

Ej,} On-site power and storage

Utilizing co-located storage, renewables, or other generators

@ Temporal flexibility

Scheduling computational loads before or after periods of high system stress

Distributing workloads across one or multiple data centers in different
geographic locations

@ Spatial flexibility

- Reduced operations
= Planning for reduced workload during defined periods
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Data center uptime: perception vs. reality

ADuke Energy2024 testimony to NC Utilities Commission:

A"[Data centers| are operating at @onsistent load factor 365 days a year
t J2IJUKOI ¢!t HOC KOs It e OY XKO6 Yea | + o CaO

AEnergy Futures Group2025:
Ay KIG¢cl NI YeT O ¢qc ORIIUqIIl e 1Ot R UIBEA FOR q K
factor of 90-100%p CO

AResources for the Future2024:

Auf gqmwt WDROGY! qqc¢ UqtogqYUY qlJtOq 6 ¢ a kog 6 13t 13 1Ol
Basically, they run very consistently. Let's say it has@ percent load factor .

AARES Wealth Management Solution£024:
Au?cqc¢c IOHIJUQq Il IOH ¢ G¢ H R apDUWdBhd tadtbe GDC q 1JT HOC | |
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https://www.newsobserver.com/news/business/article300346949.html
https://energyfuturesgroup.com/wp-content/uploads/2025/01/Review-of-Large-Load-Tariffs-to-Identify-Safeguards-and-Protections-for-Existing-Ratepayers-Report-Final.pdf
https://www.resources.org/resources-radio/how-surging-demand-is-shaping-the-us-power-sector-with-brad-harris/
https://www.areswms.com/accessares/fast-take/convergence-ai-renewable-energy-and-digital-infrastructure

Data center uptime: perception vs. reality

ALoad factor r' Utilization rate
ALT | Odzad2YSNXRa LS| ft2FR Aa 2yfée ypr 2
capacity utilization rate is 77%
Al 2FR FFEOG2NJr { SNIBSNJ dzLJi A YS
A Load factors foservergyet conflated with load factors or even utilization rates
A{ SNXYSNJ dzLJGAYS ' GCA QS b)\y'ééé
A Servers operate far below 99.999% utilization, which is a custéewerg uptime guarantee
AVariance in noAlT load is not well understood
A Constant, high server utilization leaves significant room for seasonal load variability
AData is very limited
AG¢cKS 101 2F LINAYINE LI SNF2NXYIFyYyOS I yR dz
transparency is needed around data centers. Very few companies report actual data cer
electricity use and virtually none report it in context of IT characteristics such as compute
OF LI OAGASAZT | SN IS aeaiasSYy O2y FAITdzNI (A 2
¢LBNL, 2024 U.S. Data Center Energy Usage Report, Dec. 2024.
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Terminology

Power Systems Planning

Load Factor Avg vs. peak actual load Avg load+ peak load Load forecasting

Nameplate capacity Max rated grid power draw (i.e. Based on electrical gear Interconnection agreement, System
interconnect limit) ratings planning, Utility equipment sizing

Utilization Rate Avg load vs. nameplate capacity = Avg load+ nameplate Load forecasting, System planning

bi/bHC GE HRaq! We qR{F

Data Centers / Compute

Typical Use

Load Factor Equivalent to Power Systems; Potential distinction between full facility vs. server load factor
Nameplate capacity Max internal load supported by UPS + generator stack Facility designengand redundancy (2N);
UPS/gens (max design load) often oversized for expansion
Power Usage Total facility energy vs. IT energy Total Energy / IT Energy Energy efficiency benchmark (1.2 1.5
Effectiveness (PUE) typical)
Utilization Rate Server workload vs. max compute Actual server load+~max IT resource efficiency
Hc Gec HRq! Wbl /sHE Y O Ge server capacity
Infrastructure Usage Ratio of actual facility power Avg Total Facility Power Measure of how effectively infra is utilized
Effectiveness (IUE) usage to max facility capacity Max Facility Power
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Data center uptime: perception vs. reality

Question: When an electric utility cites X gigawatts of Al data center load requests, how much utilization
should regulators anticipate?

: 100 .
Shehabietal.  50% 2024 United States Data / Al Training
2025 (LBNL) Center Energy Usage Report _ 80 :\
o I
Guidi et al. 2024 75% Environmental Burden of 5 i
United States Data Centers in © !
the Artificial Intelligence Era s 60 l
O | Hyperscale
Patel et al. 2024 80% Al Datacenter Energy g !
. . . = e — 1 -
(SemiAnalysi9 Dilemma wRace for Al = ! Al Inferencing
Datacenter Space ® 40 <
Knittel et al. 80% Flexible Data Centers and the > E colo
2025 (MIT Grid: Lower Costs, Higher B :
025 (MIT) —,_g_Emi - “ oo | All Other
Netherlands mpOUt UY Cited inHow Data Centers i
Central Bureau Have Come to Matter 0 | | | I |
of Statistics 2014 2016 2018 2020 2022 2024 2026 2028

Figure Source: Shehabi, A., et al. 2024 United States Data Center Energy Usage Report.
Lawrence Berkeley National Laboratory, Berkeley, Califoria. LBN2001637
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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://arxiv.org/html/2411.09786v1
https://arxiv.org/html/2411.09786v1
https://arxiv.org/html/2411.09786v1
https://semianalysis.com/2024/03/13/ai-datacenter-energy-dilemma-race/
https://semianalysis.com/2024/03/13/ai-datacenter-energy-dilemma-race/
https://semianalysis.com/2024/03/13/ai-datacenter-energy-dilemma-race/
https://semianalysis.com/2024/03/13/ai-datacenter-energy-dilemma-race/
https://semianalysis.com/2024/03/13/ai-datacenter-energy-dilemma-race/
https://www.nber.org/system/files/working_papers/w34065/w34065.pdf
https://www.nber.org/system/files/working_papers/w34065/w34065.pdf
https://www.nber.org/system/files/working_papers/w34065/w34065.pdf
https://onlinelibrary.wiley.com/doi/pdf/10.1111/1468-2427.13316
https://onlinelibrary.wiley.com/doi/pdf/10.1111/1468-2427.13316

Potential values of flexibility

Faster e Increased e Mandate 9 Flexibility

Time-to-Power Interconnection Compliance Revenues
Capacit

A Dominion Energy: 7+ P y A Grid reliability and price

year wait time AUtilities and txm service affordability are A As peak demand soars,

_ _ providers limit load suffering around the regional power systems

A Centerpoint Energy: capacity based on country. are looking for shock

700% increase in data worst-case load study absorbers.

center queue alie A Demand response

mandat?s are coming: A Rising flexibility

A APS,ER_COT, _others AFlexible loads can be €.g., Ieglsl_atlon already revenues in 2025 could

developing priority interconnected at higher proposed in TX, VA. become material.

interconnection for capacities

flexible loads

—_—

- ad = 0
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Analysis



Method: Identify Seasonal Peak Thresholds

: " Daily and Seasonal Maximum Demand in PIM (20162024), MW
ABalancing authorities

000000

develop resource — —
i 018 024

expansion plansto 000/ ‘ 019 == Max Winter Peak
# \ r\ :285(11 ~~~ Max Summer Peak

support different peak
M‘ (L
|
!"‘

0000000
ATo account for variation, - ‘

loads in winter and 14°°°°“--—-—-—---n ------------------------------------------
we identified the max %”W"" ' | ‘ 1
| |

summer | I
|
l

[ \"
winter and summer peak “ "W ‘ ! /‘ H'n

observed for eac IR

bglancin(::; 1:authorir:y ooooooo W t, "J'!;'\"w’.\m H ‘ " “
AThese thresholds serv | ' ”“

ese thresholds serve as | ( ’\ ,‘ !‘4 ‘“\

the upper limits for | ', ‘ ‘»H W'\ w, |
system demand during = ‘ ‘I \J
their respective seasons

—
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Method: Calculate

ANew, constant load was
added in all hours

150000

A Curtailment was
calculated as the
difference between the
new load and the
seasonal peak threshold
in each hour, summed
across all hours in a year

140000 A

System Load (MW)

AThe curtailment rate for
each load increment was
defined as the total
annual curtailed MWh
Il R2RT T WH! Waqé |
max potential annual
consumption

100000 ~

90000
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130000 ~

120000 A

110000 A

Load Additions for Curtailment Limits

lllustrative Load Curtailment in PIM (Jan. 147121, 2024)

— Original Load

—— New Load (for illustration)

--- Max PJM Winter Peak Load (2016-2024)
Curtailed Load

Date/Time

| August2025




@sults: CurtaillmenkEnabled Headroom

AHeadroom across the 22
analyzed balancing
authorities is between 76
to 215 GW, depending on
the applicable load
curtailment limit

A76 GW of headroom is
available at an expected

load curtailment rate of
0.25%

AThis headroom increases
to 98 GW at 0.5%
curtailment, 126 GW at
1.0%, and 215 GW at
5.0% curtaillment

Headroom Enabled by 0.5% Load Curtailment by Balancing Authority, GW

20.0
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16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0
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@sults: CurtaillmenkEnabled Headroom

ATo visualize the relationship
between load additions and
curtailment, curtailment
was calculated for small
Incremental load additions

AThis plot captures yeasby-
year variability in demand
patterns, including the
effects of extreme weather
and economic conditions

AA similar plot is presented
for each balancing
authority in Appendix A of
the report
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Curtailment Rate (%)
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@sults: Annual Hours of Curtallment

Hours per Year of Curtailment by Load Curtailment Limit (Avg.)
AA large majority of
curtailment hours retain

most of the new load 350 m >0% Curtailment
m 50%+ Load Remaining

366
323

A88% of hours during which 300 ® 75%¢+ Load Remaining

load curtailment is " 90%+ Load Remaining

required retain at least half 250 224

of the new load 200 177

155

A60% of the hours retain at 150 .

least 75% of the load, and 100 a5 106

29% retain at least 90% of 73 0 -

the load 50 I . .

0 [
1

0.25 0.5

Curtailment Limit (%)

400

Hours
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EA Finds Similar Headroom for US, EU, China

Af E LW=iMatdcantts . . . .
are flexible for 0.11% of Data Center Capacity Additions to 2035 with Flexibility (IEA 2025)

the time, there is enough

room in current electricity 3 100 Feasible additions
systems to integrate all with flexibility of:
new datacentre capacities 80 0.1%
to 2035+ ™ 0.5%
o)
60 m1%

ANote: subject to
confirmation, the a0
| RnnlJl JURIJWRULWIf E
results are likely due to
using aggregate national
demand figures, rather

than BAspecific figures

Base Case additions
to 2035

20

United States European Union China

IEA. CC BY 4.0.
Source: IEA (2025), Energy and Al, IEA, Paris https://www.iea.org/reports/eneggyd-ai, Licence: CC BY 4.0
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lllustrative Simulation of Load Addition®EC/DEP

Preliminary results for illustrative purposes only Not for citation

A Model: GRACE EMYukeU)

KY. VIRGINIA .

A . L . =/ % NORTH
Balancing Authorities: Duke Energy Carolinas (DEC) TENN. | A EAROLINA
and Duke Energy Progress (DEP) s ; D TN

A Combined System Peak: 37.4 GW (Feb. 2025 record) " " Duke

Energy sVl 5 .k
A Load and Weather Year: 2022 Carolings, i oA . Energy
oae . 7  Progress
ion uke’s Ly
A Resolution: Hourly service areas - SOUTH

_ in the Carolinas CAROLINA
A Scenarios:

1. Existing load (2022)
2. 4,100 MW new load
3. 8,000 MW new load
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lllustrative Simulation of Load Addition®EC/DEP

Preliminary results for illustrative purposes only Not for citation

Addition of 8,000 MW constant load

A Assumptions:
A Addition of a constant 4,100 MW and 8,000 MW 7000
new load distributed across DEC/DEP

6000 -

A Findings:
A 4,100 MW negligible curtailment 30001
A 8,000 MW: 0.3% of annual energy curtailment
A Next steps:
A Incorporate historical generator deratings for
more accurate curtailment ratios
AfT DUqRNGYEHYLGY | Wi YHREC qRYUYIUs Rag6 W6 RNEBE o Yo
curtailment, by incorporating network constraints

3000 4

Hourly load shedding (MW}

1000 1

i IH . ]

T T T T T T T
2022 Mar May Jul Sep Nowv 2023
Date/Hour
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Power (MW)

Mstrative Simulation of Load Addition®EC/DEP

Preliminary results for illustrative purposes only Not for citation

Baseline (2022 historical demand) 4,100 MW additions

45000 45000
Generation Type
B nuclear B solar 77+ charging
B SLOW-NGAS I FAST-NGAS  —— Demand
I SLOW-COAL I FAST-LOIL 5 Load Shedding
40000 40000 I hydro I storage

35000 A 35000 A

30000 A

30000 A

s

=

o,

2

&
25000 A 25000 A
20000 4 20000
15000 15000
10000 10000

Jun-12 12:00 Jun-13 12:00 Jun-14 12:00 Jun-15 12:00 Jun-16 12:00 Jun-12 12:00 Jun-13 12:00 Jjun-14 12:00 Jun-15 12:00 Jun-16

Datetime (hourly) 2022-Jun-16 Datetime (hourly)
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8,000 MW additions

45000

40000 A

35000 A

30000 A

Power (MW)

25000

20000

15000

10000

Jun-12 12:00 Jun-13 12:00 Jjun-14 12:00 Jun-15 12:00 Jun-16 12:00
Datetime (hourly) 2022-jun-16




Recent developments



Recent developments

U NYISO flexible load forecast Over 2,000 MW of large demand

ANew Jer ledislation facilities are expected to be served
ew Jersey legisiatio In New York within the next decade.

A~ L] Y211 UYI &kt WG Approximately 1,200 MW of these
APA Office of Consumer Advocate |large loads are cryptocurrency

. mining and hydrogen production
AAlberta - Beacon Al commitment facilities, and the RNA base case

ATexas Senate Bill 6 assumes these loads would be
ASPP initiative flexible during peak conditions to
| Jnd AR qWagé IRI WHGEC |

APJM colocation docket
AGoogle flexibility contracts

Source: NY/ Reliability N A ment 2024
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https://www.nyiso.com/documents/20142/2248793/2024-RNA-Report.pdf

Recent developments

ANYISO flexible load forecast BN W7 Yel T WwYn WAz H

U New Jersey legislation approve utility rate filings that relax
the requirements of this subsection

A~ L] Y211 UYIl gt Wi If a large load data center commits
APA Office of Consumer Advocate | to providing sufficient operational

. flexibility or commits to bringing
AAlberta - Beacon Al commitment | Jiio ot o iroas of ey

-]

ATexas Senate Bill 6 capacity online to meet its load,

ASPP initiative such that these requirements are
_ not necessary to protect

APJM colocation docket e qIGe ! 11t O

AGoogle flexibility contracts Source: New Jersey A5462,

https://legiscan.com/NJ/text/A5462/2024
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Recent developments

ANYISO flexible load forecast

ANew Jersey legislation

U~ W] Y21 UYIl &kt WG
APA Office of Consumer Advocate
AAlberta - Beacon Al commitment
ATexas Senate Bill 6

ASPP initiative

APJM colocation docket

AGoogle flexibility contracts

Duke University Nicholas School andicholas Institute | August2025

WECHS WIGWHG!I RALWA
a comprehensive flexible
Interconnection program designed
to enable the efficient connection
of new customer loads and to
maximize the deployment of
distributed energy resources, while
minimizing associated electric

RUNI ¢t ql ea#aqel IJWH

Source: MA Energy Affordability, Independence,
and |nnovation Act

Y 1



https://www.mass.gov/info-details/the-energy-affordability-independence-and-innovation-act#bring-more-energy-into-massachusetts
https://www.mass.gov/info-details/the-energy-affordability-independence-and-innovation-act#bring-more-energy-into-massachusetts

Recent developments

ANYISO flexible load forecast me WE ¢l NIIWE YET Waell R

ANew Jersey legislation enable interruptible load and
backup generation is appropriate

A~ L] Y211 UYI &kt WG so long as ratepayers are protected
(i PA Office of Consumer Advocate |from stranded costs. Flexibility,

. optionality, and other creative
AAlberta - Beacon Al commitment | o 0c b raduce costs and

ATexas Senate Bill 6 qROWGROIY Wt 6YadaT|Wwh
ASPP initiative the proposed model large load tariff

_ so that they are transparent and
APJM colocation docket [ Ve d30qT o

AG oogle ﬂeX|b|I|ty contracts Source: https://www.puc.pa.gov/pcdocs/1875752.pdf
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Recent developments

ANYISO flexible load forecast

ANew Jersey legislation

A~ W] Y21 UYIl Kt WIIWNRY G¢caqRYULW
APA Office of Consumer Advocate

U Alberta - Beacon Al commitment (next slide)

ATexas Senate Bill 6

ASPP initiative

APJM colocation docket

AGoogle flexibility contracts
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Beacon Al commitment

pi 6 ¢ alls DWHY GG Raaqldl WagYWs RagéWa GHII qc¢ LW
sUMUUUlMqYMGau”manm~|mvnanoumnlRTm
the backup generators up and run it for 24 hours until the peak goes down.

We'd be happy to do that.

E
H

The second thing is once we get to doing our own sajeneration, we'll
actually be helping contribute back to the grid, because if we're not using
It at that moment, then the grid can have it.

We hope that that helps at least, not shelve, but at least address some of

the concern around peak load usage because it's a legitimate thing. Not

only Beacon, any data center operator, the last position they can be in is
q6caqllgd ! WHceceat I Wag6WWHI YsUYeqWY! W YOl

T Josh Schertzer, CEO, Beacon Al, June 2025(rce)
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https://www.arcenergyinstitute.com/inside-the-coming-power-surge-beacon-ai-centers-bet-on-alberta/

Recent developments

ANYISO flexible load forecast

ANew Jersey legislation

A~ W] Y21 UYIl Kt WIIWNRY G¢caqRYULW
APA Office of Consumer Advocate

AAlberta - Beacon Al commitment

U Texas Senate Bill 6(next slide)

ASPP initiative

APJM colocation docket

AGoogle flexibility contracts
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Recent developments

DIVE BRIEF

Texas law gives grid operator
power to disconnect data centers
during crisis

Senate Bill 6 pairs mandatory curtailment with a voluntary demand

response procurement program.

Published June 25, 2025

By Brian Martucci

Duke University Nicholas School andicholas Institute | August2025

deploys all available market
services, except for frequency
responsive services, the
Independent organization may
direct the applicable electric utility
or municipally owned utility to
require the large load customer to
JRaqd61IJI W IJGGHY! Wab
site backup generating facilities

or curtail load KO

m nalll Wgdé JWRUT 3G

Source: TX Senate Bill 6

N

|J



https://capitol.texas.gov/tlodocs/89R/billtext/pdf/SB00006F.pdf

Recent developments

ANYISO flexible load forecast

ANew Jersey legislation

A~ W] Y21 UYIl Kt WIIWNRY G¢caqRYULW
APA Office of Consumer Advocate

AAlberta - Beacon Al commitment

ATexas Senate Bill 6

U SPP initiative (next slide)

APJM colocation docket

AGoogle flexibility contracts
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Rece nt d eve | Op me ntS CHILL = Conditional High Impact Large Load

HILLGA = High Impact Large Load Generation Assessment

HOW A NEW LOAD CAN GET CONNECTED IN SPP

New HILL
Is load willing to wait Are there sufficient [;\? Proce_sst ](C_EX'St'"S)
for system upgrades to generation resources 90 Day eé:igoaoéz né::”;szgp”ce
be completed before on the network that will Study : y
o . upgrades in place
beginning operation? serve the new load?
AX Process (at FERC) CHILLS
Interconnect only after is a
. ol
90 Da generation and_ network timely
NO Stud; upgrades are in place 50|U:'h°”
on the
path
CHILLS (New) o
Connect immediately with
Do you want to connect new 90 Day curtailable service
NO . NO Study 5- t
generation to serve the load? (5-year term)
HILLGA (New)
90 Day Connect CHILL or HILL and
Study supporting gen (not serving
other load) after any required
upgrades (5-year term)
Load may pursue multiple paths *Not Yet": the utility has pending generation tHILLGA for “Common Bus"” and "Local Area" to be completed in 90 days. O
(AQ, AX, CHILL) simultaneously. with rights (GIA), or planned generation HILLGA for larger “Deliverability Zone" requires additional study. SPP 32
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https://capitol.texas.gov/tlodocs/89R/billtext/pdf/SB00006F.pdf

Recent developments

ANYISO flexible load forecast

ANew Jersey legislation

A~ W] Y21 UYIl Kt WIIWNRY G¢caqRYULW
APA Office of Consumer Advocate

AAlberta - Beacon Al commitment

ATexas Senate Bill 6

ASPP initiative

U PJM colocation docket

AGoogle flexibility contracts
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Enabling notfirm loads- PJM colocation docket

As ~kt WGI YGYt I Waql ¢ Ut -8 freekiging, G8 nb)-Decket BIREEOII | | Wbl m N
Generator PJM duty

Tier Shorthand Description Network Load?

Load billing

retains CIRs? to serve
1 Classic Firm Separate POI, traditional NITS  YesT separate interconnection Yes (full) Full obligation :;Irll-rfﬁ” ?::C;gy, e EN, G
o
c -
b 2 gi?rired PO Same POI but separate meters  Yes Yes (full) Full obligation Same as Tier 1
<
L e . No (only net S : :
3 Net-BTM Behind-the Meter Generation Yes, but only net of orsite gen injections get Full opllgatlon on NITS{energy/anmIIary/capaC|ty on
(BTMG) netting CIRs) net withdrawal net withdrawal
/[ 200! WRY Y@¢ aqldJl No(unless customer elects & Only for output None (unless load NeV.V rate deS|gn.needed _for
4 Island-Only : : ancillary support; otherwise no
no grid backup state law allows) above load opts into NITS) :
NITS/capacity charges
. : Only when PIJM . N : .
Island + Same as Tier 4 but with PV No (becomes network only . ) Similar to Tier 4; ancillary still
5 ) : : Same as Tier 4 authorizes back
= Standby approved backup service during PJMapproved intervals) up charged
Q
(7)) y = - e
o) BT | -RuHddwn-] JU DT ¢ qRY Uw LW
2 | 6 BYOGFim (BYOG) loadis Network and  Yes ves (newor — piobligation  Standard | |
= repowered gen) NITS/energy/ancillary/capacity
o adds new gen
Curtailable ~ Non-capacity-backed interruptible Yes (but commits to curtall Reduced priority; Pays capacity only on non
7 . ) : I : Yes : : : :
Firm-Lite service (transitional) before emergencies) curtailable interruptible portion
Self-Curtail  Network load that enrolls as Full obligation (butStandard charges; DR revenues
8 Yes Yes o
DR Demand Response may curtail via DR offset
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Enabling notiirm loads- PJM colocation docket

m BHHEYI T RUDWqY W6 JWf UI RAC qJT WNI ¢ Ut O Rt
should be required to take frontof-the-meter service and become a )
a9 PDags VYl telWrmet qYU Ul WGe! RUNWNYI W JI 2RHAW

It IS no surprise that they want to foreclose customers from any other
option: large new [Network] customers mean extensive system upgrades,
which the transmission owners get to build and add to their rate base.

Having this be the only option in PJM is unjust and unreasonable: it

results in years of delay in connecting new load, induces massive and
unnecessary overbuild of the system , imposes substantial additional

costs on existing customers who are already struggling to pay their bills,

cUI WneRGY WgVYWt JUTI WIn nRERVDUgqWt RNUCE Gt We

TConstellation Energy, 4/23/25, PIJM Colocation Docket #EL240
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Recent developments

ANYISO flexible load forecast

ANew Jersey legislation

A~ W] Y21 UYIl Kt WIIWNRY G¢caqRYULW
APA Office of Consumer Advocate

AAlberta - Beacon Al commitment

ATexas Senate Bill 6

ASPP initiative

APJM colocation docket

U Google flexibility contracts
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Google announces new flexibility contracts

Why it matters: i Reuters

AFirst-of-its-kind US agreements Google agrees to curb power use for Al
data centers to ease strain on US grid

AFrom operational flexibility to when demand surges
planning flexibility

August 4, 2025 12:48 PM EDT « Updated August 4, 2025

Alnclusion of machine learning
workloads

ADefinitive, long-term contracts

ATime-bound flexibility
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1. About Emerald Al
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Emerald Al seeks to unlock multitrillion-dollar investments in Al data centers
today, overcoming power grid constraints that threaten the Al revolution

A Emerald Al transforms energyintensive Al data centers into Alpowered grid alliesthrough a softwareonly solution
by orchestrating compute power use to access electric grids and bolster grid stability, without compromising compute servic

A The opportunity is massiveRoughly 100 GW of data centers could be connected to existingdgjiddata centers had
just modest flexibility. Emerald Al aims to enable data centers & cloud providers to spe@dwareand stay compliant.

A Emerald Al successfully proved its technology suite in a firsif-a-kind commercial demonstration in Phoenix in
May 2025 at dayperscalerdata centefi power utilities and our cloud and Al partners have shared positive feedback

(D

A Emerald Al is the only solution to get data centers access to power naud will complement other solutions in futurg.

003 year solution 305 year solution 5310 year solution

_ |
emeraldai : P FERVO ” : | £% OKLO (#HeLoN :
| B ¥ enenev Mainspring | : ww I
|
-\/ “ |
. SR :
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Our team combines expertise in Al, compute and energy

Leadership

Core Team

Dr. Varun Sivaram, Founder & CEO Prof. Ayse Coskun, Chief Scientist

Py

Orsted

RceNew

Education: Ph.D. Condensed Matter Physics, Oxford
University (Rhodes Scholar); B.S., B.A., Stanford
University

Boards Atlantic Council, Stanford University Doerr
School of Sustainability

Books: Taming the S@®18)Energizing America
(2020)Pigital Decarbo niza@®18)

Awards_TIME 100 Next, World Economic Forum
Young Global Leader, MIT Top 35 Innovators

A Professor, Boston University
A Director, Center for Informatipn
Systems and Systems Engingeri

ORACLE

@Sun

LISE

Dr. Daniel Wilson Dr. Philip Colangelo

AMDZ
9roq
L ntel

Drsted
Chief Strategy and Innovation Officj

White House

Sr. Advisor to Sec. John Kerry;
Managing Director for Clean Energ
Innovation and Competitiveness

ReNewPower (NDAQ: RNW)

& Shayan Sengupta, Head of Engineering

A Amazon Web Services EC2 Nitro
Storage Leader
A Led 50+ engineers, managing
100,000 specialized GPU sefvegrs
for AWS clients ,

aws intel

~ Remedy Robotics

= STATE
— STREET

Dr. Ciaran Roberts

e SIPAN
‘.

frreeeere "I|

BERKELEY LAB

Chief Technology Officer

Aroon Vijaykar, SVP Commercial Jack Megrue

Ethan Tiao

COUNCILon
FOREIGC?NS Council on Foreign Relations A Sunrun Head of Corp Dev; GM anfd (‘ *BARC[AYS Stanford
RELATI Director, Program on Energy & Climdte leadership team of three businepses: 1% ) University
AEE SolarSnapnrack VPPs =
A Investor at Partners Group; Consy
Mc&%ierﬁpwy McKinsey & Company at Monitor Deloitte MPARTNERS
Consultant Monitor
SUIRLN Deloitte
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In July, we announced our seed round & successful demonstration

Institutional Venture Investors

. R ADIUCEA L ~ NVIDIA Nvidia stakes new startup that flips script on data center power
Al giantNvidiaandboldfacenamesn techandfinancearebackinganewstartupthat
aimsto transformdatacentersnto flexiblegrid assetsteadf liabilitieg . There's

m] NEOTRIBE AMPLO growinginteresin datacentersflexibilityto lowerpowerusefor limitedstretches

Select Individual Investors

Secretary John Kerry Tom Steyer Mark Gallogly The ECOHOHIiSt

68"U.S. Secretary of State CoChair, Galvanize CoFounder, Three Cairns Grot

EoitFailll S — How Managing Energy Demand Got Glamorous
Professor, Stanford University Chief Scientist, Google Chairman, Kleiner Perkins EmerajdAL an Americanstartup’recenﬂyshowedit cancut power useat Al data
Malcolm Turnbull Kate Brandt Rich Lesser centreswith softwareto manipulateomputationaloadswithout meaningfulossof
29" Prime Minister of Australia CSO, Google Chairman, BCG performance The economidogicis compelling
ChaselLochmiller Lukas Biewald JonathanFrankle
CEO, Crusoe CEO, Weights and Biases Chief Al Scientist, Databricks

David Thorne Gerald Butts Markus Specks Po LITI CO

52dU.S. Ambassador to Italy ViceChair, Eurasia Group Managing Partner, Aventurine o _
Nvidia -backed startup wants data centers to be grid assets

Select Advisors A newsoftwarestartupbackedoy chipmakemNvidia aimsto solvea crucialproblem
Gina Raimondo David Rousseau asdatacentersproliferate how to stop the powerhungryoperationdrom crashing
40MU.S. Secretary of Commerce PresiderBalt River Project thegrid EmeraldAlé orchestrateandcoordinatestrtificialintelligencevorkloadsn
T st Arushi Sharma. Frank realtimeto avoidstraininghegridin timesof peakdemand
Duke University FmrEnergy Policy Lead, Tesla
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_ _ ~ Emerald Al _ _
Turning energy-intensive data centers into Aljpowered grid allies

Emerald
Conductor

Power Markets & Grid Signals Data Center Physical Infrastructure Contr ComputingWNorkload Orchestration

9999 9999
99%9 39533 909
KN K

SLLLLLLL

TTLLLLE

Source: ERC@Jyarty Palo Alto Networks \/ emera l.d Qi



Building Intelligence at the Grid-Data Center Interface

Ul ti matel vy, Emerald Al 06s technol ogy stack wi
workloads to hourslong grid demand response performande and everything in between

Generation resources nol
: available o meet projected

demand

N\

Generation available
and scheduled \

Uemand Response

Dispatch

15MW

12:00

[
.

Time of Day

Fig. 1. Large power fluctuations observed on cluster level with large-scale synchronized ML workloads

Milliseconds Hours

Source: Godgigwer e emerOld C]i
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The Emerald Conductor software platform orchestrated a realorld
compute cluster to follow a 4second PJM Regulation Reserve signal

Time (seconds)



Deep Di vVve: Emer al d Al
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Overview of May 2025 Phoenix, AZ Technology Demonstration
The Phoenix demonstration convened Oraclényperscale), Databricks (Al customer), NVIDIA,

EPRI, and local power utilities, to orchestrate a GPU cluster to meet grid AND compute user needs

HyperscalerPhoenix Data Center

Al Customer Cluster

S

databricks
< NVIDIA

ORACLE

256
A-100 GPU:s

N
DU
/

Orchestration of Representative Al Ensembles

[ ., Ensure acceptable
A% Quality of Service
w077 we (Q0S)
Inference N A Runtime

i R Throughput

Smaller,
#  varied M

Phoenix Utility Demand Response Demonstration

I/_/_/_/i’_/ﬁ ! I.'r_\_\_- R = |
o PR
D aps S

o4 o o
B e LR AR RS
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How It works: Flow from Event Trigger to Software Execution

Demand Response Event Trigger

Emerald Simulatoro £ S o Emerald Conductoro £ Co

>
c
—t
(@)
3
jab}
—
®D
o
Py
D
n
o
o
>
(7))
®

____________________________

A In response to a utility demand response
signal, the Emerald Al software stack
executes a respofiseo manual
intervention necessary.

A In future demonstrations, we will build a
full telemetry link to the utility to enable
demand response on timescales from
seconds to minutes.

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

Verifiable Achievement of '
Grid & Al Objectives |

____________________________

Fully Simulated Future ]
Courses of Action

____________________________

P —
P —

A Upon receipt of the demand response A EC leverages the ES results to orchestraté

signalES simulates numerous the data center worklo&idandthe
orchestration options for Al workloads results match the simulation with high
A Understanding the performance constraints fidelity.
of the grid and of the Al jobs, the A Conducts theptimal outcome for both
simulations optimize for the quality of the power grid objectives and the
service for the Al customer compute customerds
agreement
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Al Cluster Achieves Demand Response Objectives in Phoenix Job Performance By Flex Tier

5 T T T T 105 100%
a - r e T I I T R I . T T I T 90%
11 o= R S L | L i e e e e e s e e ?CI
B el | B
50%
© o
s B2
4 35 5 S
e -
S
@ =
o o]
SRP Load GPU Cluster Ie o
(GW) Power (kW) e, o
=i
15:00 15:00 17:00 18:00 192:00 20:00 21:00

May 3, 2025 - Time (MDT)
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The aggregate load profile delivered is a combination of
unique strategies deployed at the workload & GPU level

(kW)

Experiment Power

Salt River Projhe®@ (0SRPO),

SRP Load (GW)

09:00 12:00 15:00 18:00 21:00 00:00
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£ 60k =
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§ . g
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o
WL 0
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