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EXECUTIVE SUMMARY

Flexible Data Centers: A Faster, More Affordable
Path to Power

Across the United States, data centers face mounting delays in connecting to the electric grid' - with
timelines of 3 to 7 years?, far longer than the 18-24 month construction timeline for a new data center.
This study demonstrates a practical path to accelerate access to grid power. By combining flexible
grid connections with bring-your-own capacity (BYOC) arrangements, data centers can reach full
operation years sooner while maintaining reliability and improving affordability for all customers.

The challenge

Two bottlenecks dominate the data center interconnection process. Transmission constraints occur
when lines cannot carry additional power without upgrades, while generation constraints arise
when the system lacks sufficient accredited generation capacity to provide firm service for new load.
Both constraints are often binding. In PJM, the most recent capacity auction reached its price cap®
while transmission upgrades often face multi-year delays. Traditionally, the only remedies are to wait
for new infrastructure or shift development to a different location—neither of which meets the
speed-to-power needs of today’s Al-driven data center buildout.

The opportunity

Flexible grid connections and BYOC programs provide a two-part solution that directly addresses
these bottlenecks. Under a flexible grid connection, a data center receives both firm
(uninterruptible) service and conditional firm service®, where a portion of the load uses grid power in
normal conditions and relies on on-site or co-located resources - including demand-side flexibility -
during limited periods of system stress. Through BYOC programs, the data center directly procures
the accredited capacity needed to meet firm-service requirements— through clean energy PPAs®,
VPPs, or on-site resources—rather than waiting years for utility procurement or ISO queue processes.

Together, these mechanisms replace the traditional “build first, connect later” model with a different
approach: connect now, operate flexibly during the hours the grid is constrained. This approach
aligns the data center’s need for rapid access to power with the utility’s or ISO’s obligations to
maintain reliability and ensure affordability. Flexible connections address transmission bottlenecks,
while BYOC addresses generation bottlenecks.

! Source: 403 Large Loads Letter (October 2025, Department of Energy)

2 Sources: Virginia Data Centers Face Seven-Year Wait for Power Hookups - Bloomberg; The United States Needs Data
Centers, and Data Centers Need Energy | ITIF; Can US infrastructure keep up with the AT economy? | Deloitte

3 Source: PIM capacity prices set another record with 22% jump | Utility Dive

“We use “conditional firm service” to describe a contractual arrangement that provides conditional access to the grid, where
a portion of a large load may be curtailed during limited periods of system stress to maintain system reliability. Similar
arrangements are referred to as “non-firm,” “flexible connections,” or “flexibility commitments.” Our usage most closely
aligns with published definitions of non-firm or flexible connection agreements as described in Non-Firm Grid Connections
°A detailed definition and explanation of bring-your-own capacity is included on page 12
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Figure 1: Summary of Flexible Connection and Bring-Your-Own Capacity

The demonstration

To test this integrated approach, Camus led a collaborative analysis with Princeton University’s ZERO
Lab and encoord. The team used a three-tier methodology—system, utility, and site-level
modeling—applied to six real candidate sites within one PJM utility’s territory. Camus combined the
transmission constraints identified by encoord and the system-level capacity findings from Princeton
with site-level modeling to determine how an optimal mix of on-site and off-site resources would
meet each site’s flexibility requirements.

The study combined:
e encoord’s SAInt platform to simulate available firm transmission capacity and flexibility
requirements across hourly time horizons (8760 hours per year) at each site
e NREL’s REopt model to determine cost-optimal portfolios of on-site flexibility resources
e Princeton’s GenX model to assess generation capacity requirements and system-level cost and
emissions impacts

This is the first publicly available study to combine real utility transmission system data,
system-level capacity expansion modeling, and site-level capacity optimization to evaluate how
flexibility can accelerate data center interconnections.

Just as importantly, the methodology demonstrated here provides a repeatable blueprint that any
utility can follow, using the tools and data already available for new load studies.
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Key finding #1: Flexible data centers can connect 3-5 years faster

A 500-MW data center using flexible grid connection + BYOC can reach full operation in roughly two
years; three to five years faster than traditional interconnection processes. Across constrained sites:

Grid power was available for more than 99% of all hours

On-site resources (e.g. batteries, generators, load flex) were dispatched 40-70 hours per year
Transmission constraints led to 7-35 curtailed hours annually, with events lasting 4-16 hours
Generation shortfalls added ~32 hours per year, concentrated in extreme weather events

Figure 2: Speed to Power Gains (above) and Figure 3: Grid Availability (below)
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Key finding #2: Flexible grid connections and BYOC significantly reduce and
internalize incremental supply costs

A central question for utilities and regulators is whether new data centers increase costs for other
customers. This analysis finds that the same tools that accelerate access to power—flexible grid
connections and bring-your-own capacity (BYOC)—also provide a clear pathway to mitigate or avoid
those costs. Used together, these mechanisms mitigate new system buildout and shift remaining
costs onto the data center, substantially reducing the risk of cost shifts for other customers.

e Each gigawatt of new data center demand adds $764 million in system supply costs® under a
traditional firm-only interconnection—driven by 2.17 GW of required nameplate generation
additions across natural gas, storage, solar, and wind

e Flexible grid connections with 20% conditional firm avoid 273 MW of new build, primarily
battery storage and natural gas, eliminating $78 million in incremental system costs per GW

e BYOC internalizes $326 million in capacity costs per GW, with the data center procuring
accredited resources directly and offering them into the market to increase supply

e Data center payments for the energy portion of their bill cover an additional $329 million
per GW of new demand

Across these components, a data center contributes ~$733 million per GW toward the costs
associated with its incremental load, reducing the net system cost increase by nearly 100%. Flexible
grid connections reduce the amount of new capacity the system must build, while BYOC ensures the
data center, not other customers, pays for the capacity required to serve its firm load.

Flexible data centers also increase utilization of transmission and generation assets, spreading fixed
costs more broadly and creating new opportunities to ease rate pressure for all customers.

Figure 4: Incremental Cost Coverage by Flexible Connection and BYOC

¢ Incremental system supply costs estimated by the capacity expansion modeling (via GenX)
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The implications

Flexible connections and BYOC offer a faster, more affordable path for integrating large data centers:
e Speed: three to five years faster access to full power for the data centers
e Affordability: data centers directly cover incremental costs while increasing grid utilization,
enabling utilities to spread fixed costs over more electricity sales
e Reliability: data centers gain reliable grid supply for >99% of the year, while utilities gain
additional demand side resources to alleviate system stress

The foundations for rapid progress are already in place. Utilities have the data needed to evaluate
flexible grid connections, and the planning tools required to do this work are readily available. Early
demonstrations show this approach can work. What’s needed now is for utilities, regulators, and data
center developers to build on that foundation by adopting advanced planning tools, defining clear
service agreements, and launching near-term, large-scale demonstrations that make flexible grid
connections and BYOC available to data centers that are willing to operate flexibly.

While the grid will still require major transmission and generation investments to meet long-term
Al-driven demand, flexibility offers the fastest, most practical path forward today. It allows data
centers to connect faster, protects reliability, and gives planners the time and breathing room needed
to build the infrastructure of the future—a strategy that strengthens the grid instead of waiting on it.

Flexible Data Centers | 7



Table of Contents

Grid constraints: generation and transmission 9
New path: flexible grid connections + bring-your-own capacity 1"
Flexible grid connection 11
Bring-your-own capacity (BYOC) 12
Speeding up the path to grid power 12
How we studied it: real data, 3 perspectives 13
Site Selection 14
Finding #1: Flexible data centers can connect 3-5 years faster 16
A faster path to full power 16
Transmission constraints: 4 of 6 sites faced limited grid capacity 17
On-site flexibility: enabling full power within grid limits 19
Generation constraints: securing firm service via BYOC 21
Generation constraints: Managing curtailment events for the conditional firm service 24
Solving the two bottlenecks 25
Why speed matters to data centers 26
Finding #2: Flexible connections avoid $78 million and 273 MW of capacity buildout per GW of
data center demand; BYOC internalizes $326 million per GW of capacity costs 29
Each GW of new data center demand adds $764 million in baseline system supply costs 29
Flexible connections (20% conditional firm) avoid $78 million and 273 MW of new capacity per
GW of new demand 30
BYOC internalizes $326 million of capacity costs alongside the data center’s payment of $329
million in energy costs per GW 30
With flexibility and BYOC, data centers contribute ~$733 million per GW of demand, covering
nearly all of the incremental supply costs 32
Flexible Data Centers Boost Utilization & Grid Efficiency 32
Detailed methodology 35
Tier 1 — System Planner 35
Tier 2 — Grid Planner 36
Tier 3 — Site Planner 37
Making flexibility work in practice 38
Technology readiness: proven tools for flexibility 38
Expanding transmission capacity with Dynamic Line Rating 40
Regulatory progress: overcoming barriers 41
Research limitations and future topics 44
Recommendations for immediate action 45
For Utilities 45
For Regulators and Policymakers 46
For ISO/RTOs and Vertically Integrated Utilities 46
For Developers and Utilities 46
Appendix: Assumptions, Methodology, & Additional Analyses 48

Flexible Data Centers | 8



Grid constraints: generation and transmission

Connecting new data centers to the electric grid has become one of the biggest challenges facing
utilities, as the scale and speed of demand outpace available capacity. Data centers face two distinct
yet often overlapping bottlenecks on the path to grid power: generation constraints and
transmission constraints. These constraints stem from a diverse set of root causes: a lack of
transmission infrastructure capacity, outdated planning tools and processes, speculative requests
flooding generation queues, conservative risk evaluation, etc. The result in most regions of the U.S. is
the same: more costs, constraints, and delays.

Understanding both constraints is essential to explaining why many large load projects are delayed
and how flexible solutions can unlock faster, more affordable connections.

Figure 5: Two Bottlenecks to Connecting Data Centers

Generation constraints stem from a lack of accredited capacity available to reliably meet existing
peak demand, capacity reserve margins, and the incremental demand of a new data center. In most
markets, a load serving entity (LSE) cannot grant firm service to a large new load unless it can
demonstrate sufficient accredited generation capacity to cover that load during system peaks.

Historically, LSEs maintained enough capacity headroom to enable new loads to connect without
delay. Today, multi-year generation interconnection queues and accelerating load growth have made
generation capacity a binding constraint in many regions. The most recent PJM capacity auction
reached its price cap—a clear signal that supply is tight’.

7 Source: PIM capacity prices set another record with 22% jump | Utility Dive
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Transmission constraints occur when lines and substations cannot safely carry additional power
without exceeding thermal, voltage, or contingency limits. In many regions, these bottlenecks have
become the primary cause of interconnection delays.

Transmission expansion is complex and capital-intensive: new transmission lines often require 7 to
10 years® from planning to energization, while reconductoring an existing line or simply extending
service can be completed in as few as 2-3 years. However, even as utilities move quickly to expand
capacity, the surge of large load requests is straining staff, equipment, and supply chains, further
extending timelines’. Siting, permitting, and cost allocation of new facilities introduce additional
challenges.

While a new data center may face only a transmission or generation constraint, the two often
coincide. A site near an existing substation may still encounter both local transmission bottlenecks
and regional generation shortfalls that limit access to 24/7 power.

Our analysis of six potential data center sites in one utility’s territory found that four faced
transmission constraints and that PJM overall is generation constrained - meaning that all six sites
must overcome generation constraints. In practice, addressing one type of constraint may not speed
interconnection if the other remains, as the slower of the two becomes the critical path.

For this study, we assume data center construction and the extension of standard transmission
service require two years to complete while major transmission upgrades require five to seven
years to alleviate related constraints'’. During the period before the site is energized, the utility
incurs planning and construction costs, while the data center outlays cash for grid upgrade expenses
and bears opportunity costs from idle infrastructure. In this study, we also assume no surplus
generation capacity is available in PJM and that procuring new accredited capacity by building new
generation resources requires roughly five years to navigate the interconnection queue'.

By quantifying how often each constraint occurs, this study establishes the foundation for a new
approach: using flexible grid connections to navigate transmission constraints and bring-your-own
capacity (BYOC) to overcome generation constraints. Combined, these strategies remove key
obstacles on the critical path that delay large load interconnections.

# Transmission Impact Assessment (U.S. Department of Energy)

® Can US infrastructure keep up with the AT economy? (Deloitte)
19 This assumption is inclusive of broader system upgrades as well as local connection to the new data center site. It reflects

conversations with utilities and data center developers across the U.S. and is not representative of a single utility. Timelines
for different projects and utilities vary from 2-10 years.
! Interconnection.FYI (2024 Queue Changes, published June 1, 2025)
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New path: flexible grid connections +
bring-your-own capacity

Rather than waiting for new grid infrastructure or capacity to be built, data centers can combine
flexible grid connections and bring-your-own capacity arrangements to access power faster while
maintaining grid reliability. Together, these mechanisms replace the ‘build first, connect later’ model
with one that connects new loads sooner—provided they can flex when the grid requires.

Flexible grid connection

A flexible grid connection allows a data center to receive a mix of firm and conditional firm
service'. Firm service guarantees grid power at all times; conditional firm service provides power
except during specific hours when the grid is constrained. During these constrained hours, the data
center uses on-site or co-located resources, such as batteries, solar, gas generators, or compute
flexibility, to stay within grid limits.

Figure 6: Explanation of Flexible Connection

This approach effectively turns a static interconnection into a dynamic one, allowing new loads to
connect within existing infrastructure limits. Success requires clear parameters for flexibility: how
often curtailment might occur, how much load would be limited, and for how long. Utilities can
define these through deterministic limits (e.g., maximum curtailed hours per year) or probabilistic
data that lets data centers assess their own risk.

2We use “conditional firm service” to describe a contractual arrangement that provides conditional access to the grid,
where a portion of a large load may be curtailed during limited periods of system stress to maintain reliability. Similar
arrangements are referred to as “non-firm,” “flexible connections,” or “flexibility commitments.” Our usage most closely
aligns with published definitions of non-firm or flexible connection agreements as described in Non-Firm Grid Connections
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Bring-your-own capacity (BYOC)

Bring-your-own capacity addresses generation capacity constraints. In this model, the data center
directly procures accredited capacity through bilateral contracts with net new or in-queue resources
such as solar, wind, storage, natural gas, nuclear, virtual power plants, or onsite flexibility, rather
than waiting for the load serving entity to expand its portfolio.

Figure 7: Explanation of Bring Your Own Capacity (BYOC)

By doing so, the data center satisfies its share of PJM’s resource adequacy requirement and can be
granted firm service for that portion of its demand sooner. BYOC effectively accelerates the addition
of new capacity to the system by allowing large customers to either contract with projects already in
the interconnection queue or develop co-located or behind-the-meter generation, helping relieve the
generation constraint while maintaining reliability standards.

Speeding up the path to grid power

When used together, flexible grid connection and BYOC reduce or eliminate the obstacles that delay
large load interconnections. The flexible grid connection removes the need to wait for transmission
upgrades; BYOC removes the need to wait for new generation procurement. Combined, they allow
utilities to provide earlier access to grid power without compromising reliability.

This study set out to answer one key question: how can utilities and data centers best address
transmission and generation constraints to speed up the path to grid power? Our analysis
demonstrates that combining flexible grid connections and bring-your-own capacity provides a
practical, repeatable way to do so; one that uses existing utility data, physics-based modeling, and
system-level planning to bridge today’s infrastructure gap.
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How we studied it: real data, 3 perspectives

This study evaluates how flexibility and capacity can accelerate data center interconnections while
reducing grid impacts, using three tiers of analysis: system planner, grid planner, and site planner.
An optimal pathway minimizes a combination of time to connect and lifecycle cost of meeting data
center demand. All analyses focus on the PJM region, with detailed modeling of one utility’s service
territory within the PJM footprint.

Figure 8: Summary of Three-Tiered Modeling Approach

A key feature of this approach is using results from one tier to impact the other tiers. There are three
primary places where exchange of data between tiers supports our findings:

1. Transmission constraints and hourly curtailment requirements from the grid planner inform
technology selection by the site planner

2. Generation constraints from the system planner inform accredited capacity procurements by
the site planner

3. The conditional firm service level from the site planner informs the data center flexibility
evaluated by the system planner, which informs findings on system costs and affordability

These create a feedback loop, where the system- and grid-planner analyses inform the site-planner
requirements, which are used to evaluate system-level cost and emission impacts. Expanding on
prior studies®, this work incorporates real transmission system models and time-series SCADA
data, adding a rarely captured transmission planning perspective to the analysis of data center
flexibility at six specific sites.

B Prior studies include Rethinking Load Growth - Nicholas Institute, Fast, Flexible Solutions for Data Centers - RMI, and
Practical Guidance and Considerations for Large Load Interconnections - GridLab
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Site Selection

The sites selected for analysis were chosen to represent a broad range of interconnection

characteristics, including proximity to major substations, proximity to major thermal generation

stations, quantity of intersecting high voltage transmission lines, and peak utilization in the base

case. All sites were located within approximately 125 miles of each other, with two being as close as

10 miles from each other. Unless clearly stated, all analysis evaluates sites one-at-a-time.

Table 1: Data Center Sites

kV voltage levels

Junction of 3 - 230 kV
transmission lines

minimum loading of the
set of 230 kV class lines
at peak system demand

Interconnection Line Connections Peak Utilization'® Additional Notes
Voltage Level®
Hare 230 kv Substation with 230 kV / 69 58% maximum and 42% | Approximately 200 MW
kV voltage levels minimum loading of the | delivered to 69 kV system
Junction of 4 - 230 KV set of 230 kV class lines at peak demand
Lo at peak system demand
transmission lines
Koala 230 kv Substation with 230 kV / 69 58% maximum and 9% Approximately 70 MW
kV voltage levels minimum loading of the | delivered to 69 kV system
Junction of 3 - 230 KV set of 230 kV class lines at peak demand
Lo at peak system demand
transmission lines
Pony 230 kv Substation with 230 kV / 69 22% maximum and 10% | Approximately 80 MW
KV voltage levels minimum loading of the | delivered to 69 kV system
Junction of 2 - 230 KV set of 230 kV class lines at peak demand
Lo at peak system demand
transmission lines
Shark 230 kV / 500 kv Substation with 500 kV / 230 58% maximum and 15% | POI for thermal
kv minimum loading of the | generation
Junction of both 500 kV and Sft of 12{30 ktV clzss hne(sj
230 kV transmission lines at peak system deman
Snake 230 kV / 500 kV Substation with 500 kV / 230 39% maximum and 15% | POI for thermal
kV / 69 kV voltage levels minimum loading of the | generation
Junction of both 500 kV and sft of iSO ky cladss hnez Approximately 210 MW
230 kV transmission lines at peak system deman delivered to 69 kV system
at peak demand
Whale 230 kv Substation with 230 kV / 69 49% maximum and 6% Approximately 95 MW

delivered to 69 kV system
at peak

* We have affectionately named the six sites by animal names to obfuscate the actual sites within the utility transmission
network. These will be used throughout the paper to refer to the site distinct locations analyzed.

15 Two of the sites are located at major substations near large thermal generation facilities with numerous high voltage
transmission line interconnections. These two sites had ample transformer capacity between 500 kV and 230 kV, and the
interconnection voltage level is therefore marked as both levels. The rest of the sites are located at the 230 kV level with a
variety of transmission line count configurations.
1 The peak utilization represents the maximum and minimum loading of the 230 kV lines at peak system demand,
regardless of power flow direction; this should not be interpreted as a hosting capacity metric. Where applicable, the
consumption of the 69 kV system (from the 230 kV system) is noted.
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Finding #1: Flexible data centers can connect 3-5
years faster

A faster path to full power

Our analysis of six individual 500-megawatt data center sites found that combining flexible grid
connections with a bring-your-own capacity (BYOC) approach can reduce the time to full power by
three to five years compared to the traditional interconnection process.

Figure 9: Speed to Power Benefits of Flexible Connections and BYOC

Across all the sites we assessed, grid power remained available for more than 99% of all hours in
the year", with on-site or co-located resources dispatched for only 40 to 70 hours annually to stay
within transmission or generation limits. In total, this combined approach enables utilities to
connect up to 3x as much data center capacity within two years'® as they could in 5-7 years under
conventional methods, while maintaining system reliability.

The subsections that follow detail how each constraint—transmission and generation—was evaluated
for each of the data center sites, how they were addressed through flexibility and capacity
procurement, and how these solutions create a pathway to faster grid power.

7 We note that while grid power is available >99% of the hours in the year, the optimized dispatch that includes onsite
resources results in 95-96% of total site energy being served from the grid

'8 The Hare site would be limited to 154 MW until the transmission constraint is resolved. A flexible grid connection would
support 500 MW of service (firm + conditional firm), which is 3.2x larger
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Transmission constraints: 4 of 6 sites faced limited grid capacity

Out of the six data center sites evaluated, four faced transmission constraints that would limit their
ability to draw full power under a traditional, static interconnection. Across those constrained sites,
each modeled individually as an incremental 500-megawatt data center, the available firm capacity
ranged from 154 to 326 megawatts, with the remainder dependent on the transmission
infrastructure upgrades. These results confirm that even within the same utility service territory,
available grid capacity can vary significantly across locations, making the interconnection process
highly site-specific.

Figure 10: Available Grid Capacity and Service Levels by Site

Although the severity of transmission constraints varied, all four sites showed similar patterns in
frequency. Transmission constraints occurred only during a small fraction of the year: between 7
and 35 total hours.

The key difference was the duration and magnitude of those events, which determined how much
flexibility each site required to operate within grid limits. At the three moderately constrained sites
(Koala, Whale, and Pony), curtailment events were brief and infrequent, lasting no more than four to
five hours. The most constrained site (Hare) faced longer events—up to sixteen hours—necessitating a
larger portfolio of on-site resources to maintain full operations.
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Table 2: Transmission Constraints by Site

Transmission Constraints by Site

Site Firm Annual % of Peak Longest Tx | Energyreqd | Number | Average event
Limit curtailment | Year | curtailment | curtailment | during longest of duration (hours)
event event events
Koala | 326 MW 7 hours 0.08% 109 MW 4 hours 247 MWh 3 2.3 hours
Whale | 322 MW 11 hours 0.13% 113 MW 4 hours 354 MWh 4 2.8 hours
Pony | 314 MW 13 hours 0.15% 121 MW 5 hours 392 MWh 4 3.3 hours
Hare 154 MW 35 hours 0.40% 281 MW 16 hours 2,299 MWh 4 8.8 hours

Two sites (Shark and Snake) did not face any transmission constraints for the 500 MW of additional demand.

Even at the most constrained site, the total number of curtailed hours remained well below 1% of the
year. This finding highlights a critical insight for utilities and developers: waiting several years for
new infrastructure may be unnecessary when temporary, well-defined constraints can be managed
through flexibility at the site level.

These site-level findings do not necessarily indicate that other sites in the utility’s service territory (or
in PJM more broadly) would require less than 1% curtailment. But they do suggest that conducting
similar analyses for candidate sites could be worthwhile.

The two remaining sites in our analysis were able to accommodate the 500-megawatt load without
triggering transmission violations, indicating that sufficient transmission capacity does exist in
portions of the network, particularly those located proximate to the 500kV transmission backbone.
Together, these results illustrate that transmission constraints are both common and unevenly
distributed, and that flexibility offers a practical alternative to time-consuming grid upgrades where
constraints do occur.

The differences across sites, each located within roughly 125 miles of one another, underscore the
importance of making location-specific, time-varying transmission capacity data available to
developers as they evaluate potential interconnection points. Today, that information is largely
opaque, leaving developers to site projects without a clear view of where grid headroom exists.
Utilities could help unlock faster, better-informed siting decisions by sharing data that reflects
how available transmission capacity fluctuates over time, whether through dynamic hosting
capacity maps or other mechanisms.
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The following section examines how the four transmission-constrained sites could operate at full
capacity more quickly by combining firm and conditional firm service, supported by a mix of on-site
and co-located resources that enable data center operations to continue unaffected.

On-site flexibility: enabling full power within grid limits

For the four sites with transmission constraints, we evaluated how a flexible grid connection,
combining firm and conditional firm service, could allow each data center to connect and operate its
full 500 megawatt load from the first day of energization.

The scale of each site’s transmission constraint determined the amount of flexibility required. Across
all constrained sites, the curtailed hours were brief and infrequent, allowing each data center to
maintain reliability with a targeted combination of battery storage, on-site generation, and compute
flexibility tailored to its specific grid limits.

Among the six sites studied, Koala and Hare represented the smallest and largest transmission
constraints respectively, and were modeled in greater detail to identify cost-optimal portfolios of
on-site resources. Both sites required a combination of battery storage, small-scale gas generation,
and compute flexibility, with Koala also incorporating a modest amount of co-located solar
generation' to reduce energy costs. All sites were assumed to have the same data center load profile
and benefited from approximately 65 megawatts of headroom between their nameplate capacity (500
MW) and the load profile’s actual peak demand (~435 MW), providing a small additional operating
margin during constrained periods®.

This analysis sought a cost-optimal mix of on-site resources - used to manage transmission grid
constraints and, when not being used for that primary use case, deliver bill savings for the data
center™. As a result, the recommended portfolio of on-site resources is likely to differ from the
minimum-viable portfolio required to manage transmission grid constraints.

At Koala, the less constrained site, the optimal mix included 26 MW of solar PV, 49 MW of 4-hour
battery storage (196 MWh), 11 MW of on-site gas generation, and compute flexibility capable of
reducing or shifting up to 25% of the load up to 20 hours per year to meet a peak of 109 MW
curtailment and total curtailment of 7 hours per year. Notably, Koala’s curtailment could be served
with compute flexibility alone; however, doing so would require dispatching the full 25% compute
flex capability, leaving no operational margin for error.

Solar is not used to alleviate the transmission constraint; it’s deployed as part of a cost-optimal portfolio to manage
site-level costs. Because of this, it may be possible to site this solar at a nearby location and utilize virtual net metering

» The selected load profile includes peak load at 87% of nameplate capacity while the utilization rate (average load /
nameplate capacity) is ~80%. This is considered to be “conservative” as most data centers operate at lower utilization rates
and have lower peak-to-nameplate ratios.

*! Because compute flexibility is a newer technology with uncertain operational costs, this modeling assumes that compute
flexibility is not be used for bill management and is only applied to the transmission constraint management.
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Hare, which faced the largest transmission constraint, required a larger portfolio: approximately 155
MW of 4-hour battery storage (620 MWh), 48 MW of on-site gas generation, and the same level of
compute flexibility to meet a peak of 281 MW curtailment and total curtailment of 35 hours per year.

Figure 11: Cost-Optimal Portfolios of On-Site Resources By Site

Both configurations enabled the sites to serve their full 500-megawatt nameplate demand through a
combination of firm and conditional firm service, with on-site resources used only during the limited
hours when transmission capacity was constrained.

This analysis demonstrates that on-site resources can overcome local transmission constraints
entirely, provided that the utility or transmission operator defines clear parameters for conditional
firm service—either as a deterministic limit on curtailment frequency and duration or as
probabilistic data that allows the utility and data center to assess operational risk.

With those parameters in place, the data center can identify an optimal resource mix to remain
within grid limits while maintaining full operational capability.

While this flexible grid connection strategy mitigates the transmission constraint, achieving firm
service also depends on access to accredited generation capacity. The next section examines this
second constraint and how a bring-your-own capacity (BYOC) approach can accelerate access to firm
power by allowing data centers to procure or provide accredited capacity directly.
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Generation constraints: securing firm service via BYOC

Flexible grid connections resolve transmission constraints, but large loads must still address another
barrier: ensuring enough accredited generation capacity to support firm service.

As described in the methodology, we modeled a bring-your-own capacity (BYOC) approach in which
the data center meets its firm capacity requirement by procuring accredited resources directly rather
than waiting for the load-serving entity to add new generation. This allowed the data center to satisfy
PJM’s capacity obligations sooner and secure firm service for a larger portion of its demand.

Available accredited capacity: limited off-site supply

Based on PJM queue data, we estimated that roughly 158 megawatts of accredited capacity per
500-megawatt data center could realistically be procured from off-site resources within a two-year
development window. This comprised roughly 118 MW of solar, 11 MW of wind, and 29 MW of VPP
accredited capacity. Beyond that, additional capacity would need to be met with on-site or co-located
resources.

Table 3: Available PPA Capacity

Off-Site Resources (PJM)  Available per 500 PJM Average ELCC* Available Accredited

MW data center® Capacity

Solar PV (Tracking) 2,000 MW 6% 118 MW
Wind (Onshore) 50 MW 23% 11 MW
Virtual Power Plant 50 MW 59% 29 MW
Total 158 MW

*ELCC figures are averages based on PJM forecasts for 2027 - 2034.

This estimate was derived by dividing the total accredited capacity of eligible projects in PJM’s active
interconnection queue® by the 24 gigawatts* of forecasted data center additions between 2025 and
2030, then adjusted for local resource mix within the modeled utility’s territory. A detailed
explanation of this methodology, along with high- and low-availability sensitivity cases, is provided in
Appendix C.

2 The quantity of available off-site PPA capacity per data center may vary significantly based on how quickly PJM processes
its queue, changes to the growth rate of data center demand, changes to ELCC ratings, and the pace at which new
generation is added to the queue. We have provided a sensitivity analysis in the Appendix C that analyzes the impacts of
High PPA availability and Low PPA availability.

» Source: https:/www.interconnection.fyi
* Source: PIM Board Letter | Large Load Additions | August 2025
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Portfolio results: Koala and Hare

Using these constraints, we modeled our two bookend sites (Koala and Hare) to evaluate how each
could reach sufficient firm capacity through a mix of off-site and on-site accredited resources. At
Koala, the optimal BYOC mix included 158 MW of accredited off-site PPAs for solar, wind, and VPP
capacity complemented by 168 MW of accredited capacity from on-site natural gas generation (with
202 MW of nameplate capacity). At Hare, by contrast, the full 154MW of accredited capacity
requirements could be met with off-site PPAs alone.

Table 4: Resource Portfolio by Site

Power Portfolio (Cost + Speed Optimal)

Firm Service Off Site Solar 118 MW 114 MW
BYOC
(Accredited) Wind 11 MW 11 MW
VPP 29 MW 29 MW
On Site BESS - -
BYOC
(Accredited) ~ Generator 168 MW? -
Firm Service Level 326 MW 154 MW
Conditional Firm On Site (Not  Solar 26 MW -
Service Accredited)
BESS 49 MW /196 MWh 143 MW / 572 MWh
Generator 11 MW 60 MW
Compute 25% of Load 25% of Load
Flex (20 hrs) (Max 109 MW) (Max 109 MW)
Headroom?® 65 MW 65 MW

Cond. Firm Service Level*

174 MW

346 MW

Grand total 500 MW 500 MW

» The 168 MW of accredited generator capacity requires 202 MW of nameplate generator installed on site due to the 83%
ELCC required by PJM

* Headroom refers to the difference between nameplate site capacity (500 MW) and site-level peak demand (435 MW) based
on peak utilization rates.

7 Conditional Firm Service Level includes resources whose cumulative nameplate capacities may exceed the service level
because not all resources are dispatched at the same time. This mix finds the cost-optimal way to serve the data center
demand during periods of grid constraint.
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These portfolios reflect tradeoffs between speed, cost, and carbon intensity. Off-site PPAs are often
preferred by developers due to their lower operational complexity and alignment with corporate
sustainability goals, but they are also more expensive per accredited megawatt than on-site
generation. By contrast, on-site gas generation offers a lower-cost pathway to accredited capacity but
comes with higher emissions and additional permitting®® and operational considerations. Our
modeling treated off-site PPAs as the strictly preferred source of capacity when available, with on-site
options filling the gap when queue-limited supply prevented sufficient procurement.

Capacity value and cost sensitivity

The cost of accredited capacity depends on each resource’s effective load carrying capacity (ELCC), a
measure of how much a resource can reliably contribute to meeting peak demand. ELCC values vary
by season and system conditions. In our base calculations, we used the average of PJM’s forecasted
ELCCs for 2027-2034, representing a near-term view of capacity accreditation across the region.

The GenX model used in our system-level analysis also generates its own dynamic ELCC values,
which we present in Appendix E. In a “Summer Peak Risk” scenario from that modeling, the solar
ELCC increased from 6% to 27% and wind from 23% to 35%, reducing the cost of accredited capacity
by more than half—solar from $1,123 to $244 per kW-year and wind from $710 to $454 per kW-year.
These results highlight how more granular, seasonally weighted ELCC methods could improve the
economics of low-carbon capacity procurement for data centers and other large loads.

» There are operational limits to onsite resources with emissions that vary by region. Example: Emissions and Air
Permitting Requirements for Standby Generator Sets
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Generation constraints: Managing curtailment events for the
conditional firm service

In addition to managing transmission constraints and securing firm capacity through BYOC, data
centers taking conditional firm service must be prepared for generation curtailment events—hours
when the balancing authority requires data centers with conditional firm service to reduce net
demand due to a lack of available generation. These events are distinct from the broader need to
provide accredited capacity for firm service.

Across the modeled sites, we estimate approximately 32 hours per year when conditional firm
customers could be asked to reduce grid demand. These events are infrequent, with two to three
occurrences annually, generally concentrated during periods of extreme weather—though they can
last up to ~16 hours. While infrequent, they are long enough to require meaningful flexibility.

Table 5: Generation Constraints

Generation Constraints

Site Annual % of Year Longest generation Number of events Average event duration
curtailment curtailment event (per year)
All Sites 32 hours 0.37% ~16 hours 2-3 ~8-16 hours

The same on-site or co-located resources used to manage transmission constraints can serve these
generation curtailment needs. In our modeling, batteries, generators, and compute flexibility were
rarely used at full capacity during transmission events, leaving substantial headroom to cover
generation curtailments as well.

For example, at sites where compute flexibility is available for 100 hours per year, that compute
flexibility would only be dispatched to manage transmission constraints between 7 and 35 hours in a
year, leaving significant excess capacity to alleviate generation constraints during other periods.

Although exceptionally long or severe events could require upsizing on-site resources, our
cost-optimal portfolios were sufficient to meet both types of curtailment obligations under typical
conditions.”

» The GenX model provides seasonal (rather than hourly) dispatch insights. As a result, we did not quantify how often
generation and transmission constraints occur simultaneously. Future research using joint hourly load and generation
forecasting would strengthen understanding of this overlap.
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Solving the two bottlenecks

When applied together, flexible grid connections and bring-your-own capacity (BYOC) resolve the two
bottlenecks that most often delay large-load interconnections: transmission capacity and accredited
generation capacity. A two-pronged approach allows data centers to reach full 500-megawatt
operation in two years, rather than waiting five to seven years for new infrastructure to be built.

At each modeled site, we found that grid power remains available more than 99 percent of the year,
with on-site or co-located resources dispatched during only 40 to 70 hours annually to manage
short-term transmission or generation constraints. The resulting energy mix” is almost entirely
grid-supplied, with batteries, compute flexibility, or generators used intermittently for flexibility and
to optimize energy costs through peak shaving.

Figure 12: Grid Availability and Dispatch During Period With Largest Transmission Constraint

By resolving both bottlenecks simultaneously, this approach reduces interconnection timelines
without compromising reliability. These findings demonstrate that flexibility does not materially
limit access to power for the data center’s compute loads; data centers can continue to access grid
power the vast majority of the time and maintain normal operations when the grid is constrained.
Taken together, the flexible grid connection + BYOC model provides a faster, lower-risk pathway to
grid power—achieving full operational capacity in roughly two years.

% The energy mix for each site included 95-96% grid supply, with the remaining coming from on-site resources. This should
not be confused with grid availability, which was >99%); during peak cost periods the sites chose to procure energy from
on-site resources for bill management, despite the availability of grid power
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Why speed matters to data centers

Accelerating the path to power creates tangible value for Al data centers. Each megawatt of capacity
represents between $4 million and $12 million in annual revenue®, depending on workload type
and utilization. Accessing capacity three to five years sooner transforms project economics, allowing
data centers to generate revenue years earlier and accelerating business growth and market share.

Across the two modeled sites, the present value (PV) of additional EBITDA generated by accessing
grid power five years earlier ranges from $4.7 billion to $5.5 billion per site. Gaining access three
years earlier generates between $2.3 billion and $3.2 billion per site. These values assume median
revenue of $8 million per MW, EBITDA margin of 45 percent® and an 8 percent discount rate.
Implementing flexible grid connection + BYOC adds $1.2-$1.4 billion in lifecycle costs*, including
on-site flexibility and higher-priced accredited capacity via PPAs. Even with these additional costs,
the EBITDA gains exceed incremental expenses across +3, +4, and +5-year scenarios, delivering net
returns of $0.9 to $4.3 billion per site.

Figure 13: Incremental EBITDA vs. Lifecycle Costs by Site

31 Sources include CBRE, TNI, and primary research interviews with Al data center operators

% Estimated based on industry examples, including Iron Mountain (45.6%) and Equinix (49.1%)

% These costs are incremental to standard data center backup systems (typically diesel generators), which continue to be
available for grid outages and are not used for flexible connections nor BYOC accreditation
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Importantly, the site-level returns depend on two primary factors: 1) how many years faster the data
center can connect, and 2) revenue per MW. Across both sites, our sensitivity analysis shows that
developers begin seeing net positive returns with at least two years of speed-to-power gains—even
when accounting for on-site resource investments and higher-priced clean energy PPAs.*

Figure 14: Sensitivity Analysis for Average Net Returns (EBITDA minus Lifecycle Costs)

% This finding is highly dependent upon the estimated revenue and EBITDA gains from faster speed to power and is
intended as a simple heuristic, not investment advice
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Finding #2: Flexible connections avoid $78 million
and 273 MW of capacity buildout per GW of data
center demand; BYOC internalizes $326 million per
GW of capacity costs

A central question for utilities and regulators is whether new data centers increase costs for other
customers. Our system-level analysis of adding incremental data center demand across PJM by 2030
finds that flexible grid connections and bring-your-own capacity (BYOC) provide a clear pathway to
significantly reduce system cost increases. Used together, these tools allow data centers to internalize
nearly the full cost of their incremental demand—while reducing required capacity buildout and
increasing utilization for the system.

Each GW of new data center demand adds $764 million in
baseline system supply costs

Because PJM is capacity-constrained, serving large new loads under a traditional firm-only service
model requires significant new accredited generation. In the 2030 base case®, GenX modeling shows
that each gigawatt of new data center demand drives 2.17 GW of nameplate generation capacity
additions, including 1.1 GW of natural gas, 775 MW of battery storage, and the remainder from solar
and wind. These additions increase annual system supply costs (capacity + energy) by $764 million
per GW. This value forms the baseline against which flexibility and BYOC are measured.

Figure 15: Nameplate Capacity Buildout per GW of New Demand (2030, GenX Model)

®0ur base case uses GenX modeling in 2030 and is incremental to PJM’s planned load growth with a “low data center” case,
including ~12 GW of data center demand, ~11GW of other load growth, and ~20 GW of plant retirements
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Flexible connections (20% conditional firm) avoid $78 million
and 273 MW of new capacity per GW of nhew demand

Allowing 20% of incremental demand to take conditional firm service significantly reduces the
accredited capacity PJM must build to maintain reliability. For each gigawatt of new data center
demand, this level of flexible grid connection avoids 273 MW of nameplate capacity buildout (~13%
of the baseline additions), and $78 million in incremental system supply costs (not including any
potential local transmission network savings).

Most of the avoided capacity comes from battery storage, with smaller reductions in gas and wind.
These avoided additions represent true savings: capacity the system no longer needs to procure.

Figure 16: Reduction in New Nameplate Capacity Buildout (20% Conditional Firm Service)

BYOC internalizes $326 million of capacity costs alongside the
data center’s payment of $329 million in energy costs per GW

After flexible grid connections reduce new system buildout, PJM must still secure accredited
generation to serve the firm portion of new load. Under a BYOC framework, the data center procures
this accredited capacity directly—via clean energy PPAs, VPPs, and/or on-site resources—rather than
relying on the load-serving entity to build or procure additional generation.

For every gigawatt of new data center demand, BYOC has the potential to internalize ~$326 million in

capacity costs. This reflects the data center paying for its firm capacity requirement (800 MW per 1
GW of nameplate demand) at the market clearing price under the 20% conditional firm scenario

Flexible Data Centers | 30



($1,116 per MW-day*). Notably, the market clearing price is set at the minimum price required to
incent enough new entry of firm capacity to serve the incremental demand. Because generators don'’t
all bear the same cost profile, this market clearing price, if applied to all new generation and storage
as is assumed in the analysis, is higher than the incremental cost to add capacity to the system. The
difference manifests as additional profit for generators (or “rent” in economic terms). Instead, by
purchasing BYOC capacity at marginal cost bilaterally, the data center effectively pays the marginal
cost for the incremental capacity required and internalizes the full incremental capacity costs.

If the procured capacity is supplied to PJM to offset the data center’s demand at inframarginal prices,
the clearing price in PJM’s capacity auction would remain the same as if the data center did not exist:
both the demand (from the data center with flexibility) and the supply (from incremental firm
capacity) would shift by equal amounts, cancelling out their impact on the wider capacity market.

Figure 17: Diagram Explaining How Flexible Connection & BYOC Negate Capacity Price Impacts

These costs are not avoided, instead the BYOC model allows them to be shifted off the system and
onto the data center, ensuring other customers do not bear the burden. Notably, BYOC is not the only
way to ensure data centers pay for their full share of additional infrastructure build out without
shifting costs to other customers. Tariff and rate design can also ensure costs are fairly allocated.

BYOC does not address energy costs. Instead, energy costs are covered by the data center’s rates and
tariff. This analysis estimates energy payments from the data center by multiplying the total annual
demand for a 1 GW data center by the PJM marginal energy cost from the GenX model outputs. For
the scenario where incremental data centers connect using 20% conditional firm grid connections,
the data center contributes $329 million per GW to cover the costs of its energy consumption®.

% The capacity clearing price is higher than PJM’s current cap and assumes the cap would be increased

%7 Energy price effects will vary across systems. In systems where energy costs increase as a result of the additional demand,
mechanisms like the Clean Transition Tariff offer pathways to prevent cost shifts. In addition, data centers may opt to pay
premiums for clean energy or hourly-matched products.
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With flexibility and BYOC, data centers contribute ~$733 million
per GW of demand, covering nearly all of the incremental
supply costs

Including avoided costs from the flexible connection, capacity contributions via BYOC, and energy
costs paid by the data center, the data center contributes $733 million per GW of demand in the case
of 20% conditional firm service—equal to 96% of incremental system costs. Across a range of cases
with varying conditional service levels, we find that data centers with flexible interconnection and
BYOC arrangements cover between 91% and 101% of incremental system costs**—effectively avoiding
any significant cost shift to other electricity consumers

Figure 18: Incremental Cost Coverage by Flexible Connection and BYOC

Flexible Data Centers Boost Utilization & Grid Efficiency

Eliminating the incremental system costs of new data centers is only part of the affordability story.
Flexible interconnections also help utilities increase utilization of transmission infrastructure and
generation assets, creating opportunities to ease rate pressure for all customers.

First, flexible data centers increase utilization of existing transmission and distribution
infrastructure. When a large load connects via flexible service, the utility can deliver significantly
more energy across existing grid assets, while longer-lead upgrades are planned and built. For a

% See Appendix D for details; values include cases that range from 0% to 60% conditional firm service. The residual costs
arise from non-linearities in supply and demand curves, where GenX prices don'’t perfectly align with system cost changes
across cases. Additional information regarding model output prices and how flexible connections and BYOC negate changes
to other customers’ capacity and energy prices is available in Appendix D.
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single 500-MW facility, this amounts to roughly 3.3 terawatt-hours (TWh) of additional annual
electricity sales® delivered through the existing transmission system. This spreads fixed
transmission costs across additional electricity sales and leads to higher revenue for the utility
providing opportunities to reduce rates for all customers.

Second, flexible data centers may increase utilization of the generation fleet. Data centers generally
operate at higher load factors than the broader system. This analysis included a data center load
profile with a load factor of 80%. When this demand is added to the system, overall load factor of the
generation fleet rises: GenX modeling shows PJM’s system-wide load factor increasing from 57.1% to
60.1% in 2030 with new data center load*. Incorporating flexibility, such as serving 20% of all new
data center load with conditional firm service, raises this load factor further. The firm portion of the
flexible data center’s demand operates at nearly 100% load factor, allowing each gigawatt of
accredited generation capacity to serve more demand over the year.

Figure 19: Load Factor Impacts of Incremental Data Center Demand (Without, With Flexibility)

As these effects scale, utilities can move more megawatt-hours through the same infrastructure and
derive more value from their existing generation portfolios—spreading fixed costs over more energy
sales and creating opportunities to ease rate pressure for all customers. This dynamic persists when
data centers maintain a load factor above the system average, a likely but not guaranteed outcome.

Flexible interconnections and BYOC do more than prevent cost shifts. They also help make the entire
system more efficient: improving utilization and bolstering long-term affordability without
compromising grid reliability.

¥ TWh sold to the data center is based on the assumed load profile for the 500 MW data center; includes ~80% average load
(~400 MW) for 8,760 hours with 95-96% of GWh provided by the grid
“ Based on GenX modeling for the base case, calculated as [total MWh] divided by [peak MW] * [8760 hours]
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Detailed methodology

This section expands on the three-tier framework, detailing the data sources, modeling assumptions,
and analytical steps used to evaluate flexibility and capacity across system, grid, and site levels.*

Tier 1 - System Planner

Tier 1 evaluates the system-level generation and transmission buildout required in PJM by 2030
using the GenX model,* populated with inputs from PowerGenome. The capacity expansion model
assesses the expected costs and resource mix of the grid build out over the next five years as PJM’s
grid evolves to accommodate substantial load growth.

Because the study focuses on near-term data center growth, the modeling captures the PJM portion
of the Eastern Interconnect, reflects current market conditions that limit new capacity availability for
certain resource types, and simulates system expansion through 2030. This simulation forms the
“baseline scenario”, which incorporates PJM’s current load forecasts*-including ~24 GW of data
center demand-and uses effective load carrying capacities (ELCCs)* for all included technologies.

To quantify the effects of (1) incremental data center demand and (2) load flexibility on system
capacity needs, the study conducts two comparative analyses™:

1. Low demand case: The 24 GW of data center demand in the baseline scenario is reduced to
12.2 GW while preserving ~11 GW of non-data center load growth and ~20 GW of planned
retirements. Comparing this case with the baseline isolates the cost and capacity impacts of
increased data center demand.

2. Conditional firm cases: The system impacts of conditional firm service are evaluated by
modeling the capacity and cost implications of serving the incremental 11.8 GW of new data
center load (baseline minus low-demand case) under varying flexibility levels. While results
for 20%, 40%, and 60% conditional firm are modeled, the main findings presented in this
report focus on the 20% case, with additional results provided in Appendix E. The
conditional-firm portion may be curtailed during constrained periods but is assigned a
marginal cost high enough to prevent curtailment during typical market operations, reflecting
a data center’s preference to draw from the grid whenever power is available.

“ Additional information regarding assumptions and methodology is available in Appendices A and B

* GenX, a least-cost optimization model developed at Princeton and MIT, identifies cost-optimal generation, storage, and
transmission investments needed to meet a defined system demand while observing physical and policy constraints.
PowerGenome aggregates data from public sources (FERC, EIA, EPA, and NREL) to characterize generation technologies
and costs, forecasted loads, existing generation fleets, and other aspects of capacity expansion modeling

* Current PJM forecast as of July 15, 2025

* It is important to note that GenX can (and by default does) calculate ELCCs endogenous to the model, rather than taking
the exact PJM ELCC calculations as inputs. In the baseline case, these ELCCs are quite similar to the ones established by
PJM, but this allows us to evaluate additional scenarios where peak capacity risk assumptions result in alternate ELCCs.
* An additional sensitivity evaluates how alternative summer peak risk periods affect ELCC values across technologies.
Details on this scenario and its findings are provided in the Appendix E.
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Tier 2 - Grid Planner

Tier 2 assesses the transmission impacts and flexibility requirements for each of the data center
sites through detailed annual simulations of the utility network. Leveraging encoord’s SAInt

integrated modeling platform, this study characterized how the generation fleet could be securely

dispatched to reliably meet demand, and identified hours when load could not be fully served under
the current system configuration and reliability standards.

The proposed and applied approach iterated between a nodal production cost model (PCM,
formulated as a unit commitment DC optimal power flow model) and contingency analyses based on
AC power flow (ACPF) simulations. Any unacceptable system contingency responses are addressed
with subsequent PCM runs including mitigating security constraints. The results from this integrated
planning approach defined the amount of local load flexibility or generation (which could be on-site
or co-located downstream of the transmission substation) required to serve demand when the grid
is constrained.

The PCM and ACPF models were implemented in SAlInt starting from a transmission planning model
of the eastern interconnection provided by the utility. To make annual simulations computationally
feasible, we extracted the subset of the network covering the target utility’s service territory and
adjacent transmission interties. The interties were characterized with approximating impedances
and historical time-series SCADA data from the utility to capture expected operational behaviors
based on local generation and demand changes. This reduced network model was paired with
additional SCADA data for system demand at step-down transformers and assumed generator
performance characteristics for local units.

With a single integrated model containing a partitioned and fully validated transmission network and

calibrated production cost models, we added a 500 MW data center to six locations and evaluated
the ability of the system to meet the additional demand™ in an operationally secure manner.

Figure 20: Diagram of Grid-Level Modeling (Transmission Constraints)

“ While we primarily focus on results on adding each of the new data center sites one at a time, there is a scenario in the
Appendix E that looks at impacts of all six sites added simultaneously
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Tier 3 - Site Planner

Once transmission constraints were identified, we created an 8760-hour flexibility profile (where
non-zero hours indicate times the full data center load cannot be served) as an input to the site-level
capacity expansion model. In simpler terms, this profile mapped out when and for how long the
grid may be unable to meet the data center’s demand, pinpointing the hours when on-site resources
would be needed to keep the data center running normally.

Using NREL's REopt model, we identified the cost-optimal mix of technology types, sizes, and
dispatch that both addressed flexibility requirements and minimized site costs under the utility’s
tariff. The optimization included solar PV, battery storage (BESS), natural gas generators, and
compute flexibility.

After optimizing behind-the-meter technologies, we evaluated accredited capacity options that would
address generation constraints and support the firm portion of the load. We assumed the data center
must procure accredited capacity to offset its firm load obligation, an assumption supported by Tier 1
results showing a capacity constrained system. Rather than relying on the load-serving entity to add
new generation, our modeling reflected a bring-your-own capacity (BYOC) approach in which the
data center directly procures or develops accredited resources.

In this BYOC framework, the data center satisfied its capacity requirement through a prioritized
strategy that balances speed, cost, and carbon:

e First, maximize low-carbon, off-site accredited capacity that can be deployed within roughly
two years, selecting from solar, wind, and virtual power plant (VPP) resources®’. We calculated
the cost of a MW of each accredited resource (incorporating the energy value of the wind and
solar PPAs), and selected in least-cost order until available capacity was exhausted.

e Then, fill any remaining gap with on-site or co-located resources that can be accredited
while also supporting transmission flexibility, such as battery storage, natural gas generation,
or compute flexibility.

Clean energy PPAs were prioritized for their availability in interconnection queues and alignment
with common procurement practices, while on-site and co-located resources were modeled as
secondary options when off-site accredited capacity is insufficient. The resulting site-level portfolios
captured trade-offs between cost, carbon, and interconnection speed and fed back into the grid- and
system-level analyses, linking site-level choices to regional reliability and affordability outcomes.

7 This analysis did not consider energy storage, off-shore wind, hydropower, natural gas, coal, or nuclear generation within
the off-site accredited capacity options. Gas and coal were excluded due to their carbon emissions. Off-shore wind,
hydropower, and nuclear were excluded due to development timelines (5+ years). For future analysis, we recommend
inclusion of storage (standalone or hybrid).
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Making flexibility work in practice

Implementing flexibility at scale requires collaboration between utilities, data center developers,
technology providers, and regulators. The following sections highlight the readiness of key enabling
technologies, the growing regulatory momentum behind flexibility, and the immediate actions
available to utilities, ISO/RTOs, regulators, and data center developers.

Technology readiness: proven tools for flexibility

The technologies that make flexible grid connections possible are already deployed across the power
system today. Batteries, generators, compute flexibility, VPPs, and clean energy PPAs provide mature,
scalable ways to support firm + conditional firm service.

Flexible Interconnection Software

Utilities increasingly rely on software to plan for and operate flexible interconnections. These
platforms are in use across the industry and provide the core functions needed to make flexibility
reliable: integrating grid and telemetry data, running hourly constraint analyses, forecasting
available capacity, and issuing clear operating limits to large loads.

- Real-world examples: Camus and encoord

Battery Storage

Battery energy storage is a proven reliability asset for utilities and data centers alike. Systems of
hundreds of megawatts are deployed across PJM, ERCOT, and CAISO, regularly supporting grid
stability and responding to dispatch signals within seconds. For data centers, batteries provide a
clean, fast-acting resource to manage generation curtailment events and operate through short-term
transmission constraints.*

- Real-world example: Calibrant and Aligned

Gas Generation

On-site natural gas generation is a mature and widely used backup power source. Generators can
provide continuous power during curtailment events or outages, with start-up times often measured
in seconds. While emissions are a consideration, modern gas units with advanced controls can
operate in low-duty cycles consistent with flexible service, ensuring reliability without continuous
operation.

- Real-world example: Enchanted Rock

“ In addition, batteries are increasingly being considered as tools to solve transience and ramping challenges, though these
were not evaluated in this study.
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http://www.camus.energy/
http://www.encoord.com/
https://aligneddc.com/blog/aligned-and-calibrant-to-deploy-first-of-its-kind-energy-solution/
https://enchantedrock.com/carbon-neutral-resiliency-for-major-hyperscalers-new-data-center/

Compute Flexibility

Compute flexibility—the ability to adjust non-time-sensitive computing workloads in response to grid
conditions—is emerging as a powerful new tool for data center flexibility. Managed through software
rather than hardware, it allows partial load reductions or task shifting with little to no impact on
service delivery.

- Real-world examples: Google, Emerald.Al

Virtual Power Plants (VPPs)

VPPs aggregate distributed energy resources such as batteries, EV chargers, and flexible loads to
provide dispatchable capacity at scale. In PJM and other markets, VPPs are accredited to provide
capacity and ancillary services. As part of a BYOC strategy, VPPs could enable data centers to source
accredited capacity faster and closer to load centers while providing reliability and resilience benefits
to local community members.

- Real-world examples: Voltus, Tesla, Sunrun

Off-Site Clean Energy PPAs

Most large data centers are already accustomed to contracting for renewable power through power
purchase agreements (PPAs). In 2023 alone, corporations signed more than 30 gigawatts of renewable
PPAs in the United States, with hyperscale data centers accounting for a large share. These contracts
provide both accredited capacity and emissions reductions, directly supporting bring-your-own
capacity (BYOC) approaches for firm service.

Clean Firm Portfolio PPAs

Clean firm portfolio PPAs are an emerging solution to BYOC and energy, in which optimized
portfolios of resources — including batteries, solar, wind and VPPs — are bundled and operated
together to supply firm, deliverable capacity and hourly-matched/shaped energy to meet data center
demands and contracted through a single aggregated PPA and/or clean capacity tariff. Individually,
wind and solar have lower ELCC values, VPPs and batteries cannot meet energy needs, and the scale
of capacity offered by VPPs today is inadequate to meet data center requirements on their own.
Constructing a portfolio of resources helps overcome the limitations of any one asset, delivering a
combined package that is fast to build, scalable and relatively cost competitive. With terawatts of
wind, solar and storage in interconnection queues today, this approach could help meet near-term,
large-scale demand from data centers and minimize reliance on new and existing fossil generators.

- Real-world example: Firma Power

Flexible Data Centers | 39


https://blog.google/inside-google/infrastructure/how-were-making-data-centers-more-flexible-to-benefit-power-grids/
https://www.emeraldai.co/blog/launching-the-first-power-flexible-ai-factory-with-nvidia
https://www.voltus.co/press/bring-your-own-capacity-data-centers
https://www.tesla.com/learn/utility-deployed-powerwall-for-vpp
https://www.utilitydive.com/news/sunrun-sees-400-growth-in-virtual-power-plant-participation/805169/
https://firmapower.com/

SIDEBAR

Expanding transmission capacity with Dynamic Line Rating

While our primary analysis focused on on-site solutions to manage transmission constraints, we also
evaluated Dynamic Line Rating (DLR) as a complementary utility-side option. DLR is a
grid-enhancing technology that increases transmission capacity by adjusting line ratings in real time
based on weather conditions such as temperature, wind, and solar irradiance. By replacing static
assumptions or ambient-adjusted ratings® with data on real-world temperature and wind speeds,
DLR can reveal significant unused capacity on existing lines.

Using findings from an NREL study (2007-2013 weather data), our analysis applied time-varying
conductor ratings for 138 kV, 230 kV, and 500 kV lines across the utility’s portion of the PJM system®.
The results show that DLR can meaningfully boost available transmission capacity during most
hours—especially in winter, when PJM constraints are most common.

At the modeled data center sites, the impact was substantial: with DLR, Koala required no
curtailment even at 700 MW of demand, while Hare’s curtailment dropped to just three hours per
year, with a 50 MW curtailment peak. These results demonstrate that DLR has potential to alleviate
transmission constraints, yet we note that studies®" have shown the need for detailed analysis.

While data centers cannot directly deploy DLR, they can partner with utilities through cost-sharing or
demonstration projects to accelerate adoption. Doing so can expand firm service levels for both the
participating site and surrounding customers, using existing grid assets more efficiently while
long-term upgrades progress.

Figure 21: Ratio of Dynamic Line Rating to Standard Line Rating for One-Year Period

* Source: FERC Rule to Improve Transmission Line Ratings Will Help Lower Transmission Costs
% These time-varying ratings are adjusted from the static, normal ratings assigned to each line and taken from the

transmission planning case data provided by the utility.
% Source: Lessons from first deployment of Dynamic Line Ratings

Flexible Data Centers | 40


https://www.aes.com/sites/aes.com/files/2024-04/AES-LineVision-Case-Study-2024.pdf
https://www.ferc.gov/news-events/news/ferc-rule-improve-transmission-line-ratings-will-help-lower-transmission-costs

Regulatory progress: overcoming barriers

Most current regulations were designed for an era of firm, always-available electric service—an era
when utilities built enough transmission and accredited generation to ensure any customer could
draw maximum power at any time. Large, flexible loads require a different approach. Regulators
increasingly recognize the need for flexibility, but often lack familiarity with the specific barriers that
prevent utilities from offering firm + conditional firm service today. The following section outlines
the key regulatory gaps and the changes needed to enable faster, more affordable interconnections.

Barriers to Implementation

Figure 22: Four Barriers to Implementing Flexible Connections & BYOC

1) Planning frameworks assume every load is always at its maximum

Integrated Resource Planning (IRP) and Resource Adequacy (RA) processes were designed around
firm, always-available demand. These frameworks do not yet provide an adequate way to represent
firm + conditional firm service, where a portion of a customer’s load can reduce or self-supply during
constrained hours. As a result, planners generally assume all new data center load requires firm
accredited capacity, even when flexibility can reduce capacity needs and accelerate timelines.

What needs to change: Regulators should incorporate limited large load flexibility where voluntarily
offered as an explicit input in IRP and RA processes, allowing utility planners to quantify how
flexibility can reduce near-term firm capacity requirements and defer new capacity buildout.

2) Accreditation methods don’t consistently define and value load-modifying
resources

While some markets (such as PJM) accredit demand response, current accreditation methods do not
consistently quantify or recognize the value that flexible grid connections could provide to the
system. E3’s analysis for SPP** and GridLab plus Telos Energy’s analysis for NV Energy® show that

52

Demand Response in SPP - E3
% Bringing Data Center Flexibility into Resource Adequacy Planning: A case study of NV Energy - GridLab and Telos Energy
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https://gridlab.org/datacenter_flex/
https://www.ethree.com/wp-content/uploads/2025/10/Demand-Resonse-in-SPP_E3-White-Paper.pdf

accreditation frameworks, like effective load-carrying capability (ELCC), demonstrate high capacity
value of demand response resources that can help address emergency system conditions for a limited
number of hours per year. BYOC, including the use of on-site flexibility resources, relies on a clear
method for valuing the capacity contribution of these flexible loads.

What needs to change: Regulators should extend accreditation methods, where necessary, to

recognize the reliability contribution of emergency load modifying resources in RA planning under
predetermined bounds of duration and annual availability.

3) Tariffs only allow firm or non-firm service—and often don’t offer non-firm
options at all.

Most tariffs treat service as binary: firm or non-firm.* This prevents utilities from offering firm +
conditional firm service, where the customer receives firm service during most hours but agrees to
reduce demand or self-supply during a small number of constrained hours. In addition, most
large-load tariffs do not offer any non-firm service option, leaving no formal pathway for a data center
to be studied as a curtailable customer. Without this structure, utilities cannot operationalize flexible
grid connections at scale—even when doing so avoids significant upgrades or capacity procurement.

What needs to change: FERC and state commissions should encourage transmission providers to

reform their processes to better utilize voluntary flexible loads, including establishing clear operating
parameters (such as frequency, duration, and curtailment notice) and implementing reasonable
telemetry and verification requirements to ensure reliable system operation®.

4) Transmission and resource adequacy commitments must be recognized as
independent

Flexibility commitments to the transmission provider that help bridge the gap until infrastructure
upgrades are completed are distinct from flexibility commitments to the balancing autheority to
reduce capacity procurement needs even when these roles are fulfilled by the same entity (e.g., in an
ISO/RTO). However, these are often conflated. FERC guidance is needed to make clear that these are
independent™.

What needs to change: Regulators, likely FERC, should clarify through rulemaking or guidance that

transmission flexibility commitments and resource-adequacy flexibility commitments serve different
purposes and must be treated separately unless explicitly coordinated.

% Source: How DOE's Proposed Large Load Interconnection Process Could Unlock the Benefits of Load Flexibility
% Often today, load modifying resources are subject to the same telemetry, verification, and testing requirements as supply

side resources, which is overly burdensome. Although it’s important to consider what is necessary to ensure reliable
operation, supply side resource requirements should not be the default starting point.

% As noted in the Nicholas Institute policy briefing, where the transmission provider and the balancing authority are the
same entity, these two flexibility commitments could be rationalized into a single contractual or tariff framework
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https://nicholasinstitute.duke.edu/sites/default/files/publications/how-does-proposed-large-load-interconnection-process-could-unlock-benefits-load-flexibility.pdf
https://nicholasinstitute.duke.edu/sites/default/files/publications/how-does-proposed-large-load-interconnection-process-could-unlock-benefits-load-flexibility.pdf

Regulatory momentum is already underway

Although regulatory frameworks are still evolving, momentum is building across federal, regional,
and state levels.

At the federal level, DOE’s Advanced Notice of Proposed Rulemaking (ANOPR)* calls on FERC to reform
large-load interconnection processes and to enable accelerated study tracks for curtailable and
hybrid loads. This is one of the first explicit federal steps toward codifying flexibility as a standard

service option.
Across regional markets, progress is accelerating:

e SPP is studying co-located generation and conditional service models through its HILLGA and
CHILLS initiatives®

e PJM initiated a Critical Issue Fast Path (CIFP)* process for Large Load Additions, exploring
bring-your-own-capacity (BYOC) options

e ERCOT has adopted protocol revisions (NPRR1234%, NPRR1188") to operationalize flexibility
and is studying how to embed it in long-term planning

At the state and utility level, progress is tangible. Utilities including PG&E (CA), Avangrid (NY), and
ComEd (IL) are already using flexible grid connection models to accelerate both generation and
large-load interconnections®. These efforts demonstrate that flexibility can be implemented under
existing constructs while broader tariff and market reforms advance. However, replicating these early
results at scale - and fully realizing the speed and affordability benefits modeled in this study -
depends on formalizing these approaches through updates to planning frameworks, accreditation
methods, and tariff design.

%7 403 Large Loads Letter

%8 High Impact Large Load (HILL) Integration - Southwest Power Pool
% CIFP Large Load Additions - PIM

% https://www.ercot.com/mktrules/issues/NPRR1234

¢! https://www.ercot.com/mktrules/issues/NPRR1188
62 Sources: PG&E (CA), Avangrid (NY), and ComEd (IL)
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https://www.pge.com/assets/pge/docs/clean-energy/electric-vehicles/flexible-service-connection-pilot-overview.pdf
https://www.nyseg.com/w/nyseg-and-rg-e-demonstrate-ability-to-add-renewable-energy-onto-grid-with-flexible-interconnections
https://www.icc.illinois.gov/docket/P2024-0181/documents/359481/files/629730.pdf
https://www.ercot.com/mktrules/issues/NPRR1188
https://www.ercot.com/mktrules/issues/NPRR1234
https://www.pjm.com/committees-and-groups/cifp-lla
https://spp.org/markets-operations/high-impact-large-load-hill-integration/
https://www.energy.gov/sites/default/files/2025-10/403%20Large%20Loads%20Letter.pdf

Research limitations and future topics

This study demonstrates that combining flexible grid connections with a bring-your-own-capacity
approach can enable data centers to access power far sooner—while improving system utilization and
managing long-term costs. Our analysis applies this model to real transmission data from a single
utility within the PJM footprint, paired with system-level modeling of PJM’s generation fleet.

While the findings show that the combined firm + conditional firm approach can be cost-effective for
the grid and the data center developer, our work represents a demonstration of the methodology for a
select number of sites and system configurations, rather than a comprehensive national assessment.
Several areas merit further study to validate, refine, and extend the insights presented here.

1. Evaluate the system-level impact of BYOC portfolios, especially with more clean generation
Our BYOC analysis focuses on identifying cost-optimal accredited capacity for firm service but does
not assess how these portfolios interact with broader clean procurement strategies. Existing
research—including studies on RE100 and 24/7% carbon-free energy—shows that large-scale clean
power procurement can significantly reduce system emissions. Future work could build on these
findings to examine how flexible interconnection and BYOC procurement together influence
renewable buildout, emissions trajectories, and long-term market dynamics.

2. Assess operational interactions when multiple flexible grid connections exist in the same region
This analysis evaluates curtailment parameters for a single flexible grid connection—such as
frequency, duration, and magnitude. But as multiple flexible data centers operate within the same
area, their flexibility commitments will interact with one another and with the underlying physics of
the grid. Key questions, such as how curtailment is ordered across sites, how flexibility obligations
are allocated, and how portfolios behave when several flexible loads respond simultaneously, require
further study. Modeling alternative program designs (e.g., zonal limits, LIFO vs. pro-rata allocation,
or auction-based approaches) would help utilities and developers understand how scaling flexible
interconnections across a region affects operational feasibility and financial outcomes.

3. Expand the analysis across additional utility and ISO/RTO regions

This demonstration focuses on PJM and one anonymized transmission operator within the PJM
footprint. Transmission and generation constraints vary significantly across regions—shaped by
weather patterns, system topology, planning practices, and the pace and location of load growth.
Applying this framework in additional utility and ISO/RTO regions would help quantify how flexible
grid connections and BYOC perform under different grid conditions and provide a more
comprehensive view of where this approach offers the greatest value.

5 Example studies include On the means, costs, and system-level impacts of 24/7 carbon-free energy procurement -
ScienceDirect and Advancing Decarbonisation through Clean Electricity Procurement - IEA

Flexible Data Centers | 44


https://doi.org/10.1016/j.esr.2024.101488
https://doi.org/10.1016/j.esr.2024.101488
https://www.iea.org/reports/advancing-decarbonisation-through-clean-electricity-procurement

Recommendations for immediate action

Accelerating large-load interconnections will require utilities, ISO/RTOs, regulators, and developers
to take coordinated steps that enable firm + conditional firm service. The following
recommendations translate this study’s findings into clear, actionable priorities for each stakeholder
group. Together, these actions would help connect new data centers and other large loads faster, at
lower cost, and with greater transparency.

Figure 23: Recommended Actions to Accelerate Progress

For Utilities

1. Invest in advanced planning tools to quantify site-specific flexibility requirements.

Use time-varying (e.g. hourly) simulations to identify how often and by how much new loads or
generation would exceed local grid limits. These analyses enable utilities to define curtailment
parameters (including frequency, duration, and magnitude) that reflect real system constraints and
can be transparently shared with developers.

2. Publicly signal willingness to engage on flexible grid connection and BYOC models.

Developers lack visibility into which utilities are open to exploring flexible interconnections. Publicly
communicating an openness to evaluate such approaches, without committing to specific outcomes,
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would help developers prioritize engagement and identify early opportunities for demonstration
projects.

3. Develop and standardize parameters for firm + conditional firm service.

Establish a clear, repeatable framework for defining the conditions under which curtailment may
occur. These parameters (e.g. number and duration of events, peak curtailment magnitude, and
advance-notice requirements) should be clearly defined and consistent in structure.

For Regulators and Policymakers

4. Create standard requirements for and encourage development of firm + conditional firm tariffs.

Encourage utilities and RTOs to offer hybrid service combining firm and conditional firm delivery,
and define the minimum requirements for such tariffs: clear curtailment limits, telemetry and
verification standards, and consistent procedures for how flexibility is initiated and enforced.

5. Modernize planning and accreditation frameworks to recognize flexibility.

Encourage utilities and ISO/RTOs to incorporate firm + conditional firm service into Integrated
Resource Planning and Resource Adequacy modeling. Where needed, expand existing accreditation
methods to properly value emergency load-modifying resources and clean energy resources.

For ISO/RTOs and Vertically Integrated Utilities

6. Expand access to conditional firm service and BYOC models for flexible loads.

Continue or initiate efforts to create pathways for large flexible loads to access conditional firm
service and bring-your-own capacity models. Ensure that study processes can evaluate flexibility at
the time of interconnection and that results are integrated with system planning and capacity
accreditation frameworks.

For Developers and Utilities

7. Launch large-scale demonstration projects and scale-up programs.

Collaboratively develop large-scale demonstrations and phased scale-up programs that test firm +
conditional firm service models under real-world operating conditions. These demonstrations can
provide the insights regulators and utility planners need to establish tariffs, planning procedures, and
programs that safely scale flexible interconnections.
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KEY ASSUMPTIONS

Data Center Load Profile & Flexibility

Data Center Specifications Compute Flexibility Parameters
e Nameplate Capacity: 500 MW e Duration: Max of 10 hours per call
e Peak Demand: 435 MW e Magnitude: 25% load reduction
e Utilization Rate: 87% e Annual Limit: Two cases with 20 and 100
e Load Factor: 80% hours maximum per year respectively

Revenue Impact
e Lost Revenue: $8,000,000 per MW per

year!

'Average of estimated Al revenue and colocation rental fees (The Network Installers; CBRE H2 2024); verified via primary industry interviews



https://thenetworkinstallers.com/blog/ai-data-center-statistics/
https://www.cbre.com/insights/reports/north-america-data-center-trends-h2-2024

KEY ASSUMPTIONS

Retail Rate Structure

Large general service tariff (specific costs disguised for confidentiality)
e Distribution Charge: ~$800 - $1,200/month’
e Transmission Service Charge: ~$45 - $65 per kwW-month'
e Generation Supply (Energy): Hourly real-time LMP (average $0.027/kwWh)?
e Generation Supply (Capacity): $269.92 per MW-day? (equivalent to $8.10/kW-month)

'Utility Tariff Schedule
’PJM Real-Time Hourly Locational Marginal Prices at utility Residual Aggregate Node

*PJM Capacity Market Auction clearing price (2025/26 delivery year)



https://dataminer2.pjm.com/feed/rt_hrl_lmps
https://www.pjm.com/-/media/DotCom/markets-ops/rpm/rpm-auction-info/2025-2026/2025-2026-base-residual-auction-report.pdf

KEY ASSUMPTIONS

Technology Timelines

Technologies (in Analysis)

Data center construction 2
Battery Storage 2
Solar PV 2
Wind (On-Shore) 2
Virtual Power Plants 2
Natural Gas Gensets (On-Site) 2
System capacity (unplanned) 5

7

Transmission buildout (major)

Deloitte meta-analysis


https://www.deloitte.com/content/dam/insights/articles/2025/us188112_e-i_data-center-infrastructure/content-images/US188112_Figure9.png

KEY ASSUMPTIONS

Technology Size Limits

System level Natural Gas Plant 75 GW'
Solar PV 32 GW?
wind 2 GW?
Battery Storage None
Offsite® Solar PV 2 GW
wind 50 MW
Virtual Power Plants 50 MW
Onsite Solar PV Capped at DC peak load
Battery Storage 4-hour duration capped at DC peak load
Natural Gas Gensets Capped at DC peak load

'Brattle analysis: 80 GW in national queues, supply chains limit to ~50 GW by 2030 (35 GW built nationally over last 5 years)
?GenX candidate project areas total available capacity in model zone
3See “Available PPA Capacity (PJM)” slide in Appendix C for more details


https://www.brattle.com/wp-content/uploads/2025/06/Meeting-Soaring-Demand-More-Quickly%E2%80%A6While-Mitigating-Increases-in-Rates-and-Emissions.pdf

KEY ASSUMPTIONS

Site Level Capacity Accreditation (ELCC from PIJM)

Site-level analysis uses average ELCC projected through 2034 /35" which offset the capacity charge portion of the
tariff (for which we use the 25/26 clearing princes from the PJM RPM)2 The system level modeling does not use

ELCCs as inputs but rather calculates them as a result of resource mix.

Offsite Solar PV 6%
wind 23%
Virtual Power Plants 59%

Onsite Solar PV 6%
Battery Storage 46%
Natural Gas Gensets 83%

'PJM Planning Committee, August 6, 2024, "Supplementary Information - ELCC Class Ratings”
?See “Retail Rate Structure” slide for more information


https://www.pjm.com/-/media/DotCom/committees-groups/committees/pc/2024/20240806/20240806-item-08---supplementary-information---elcc-class-ratings.pdf

KEY ASSUMPTIONS

Technology costs & incentives

NG Plant| NG Combustion Solar PV Battery Natural Gas
(1-on-1 CC,| Turbine (F-Frame Storage Genset

H-Frame)
Capital cost ($/kW) $2,400? $1,750? $1,557° $1,418° $1,600*
Fixed O&M $/kW-yr $41.09° $27.17° $21.15° - -
Variable O&M ($/kwh) $0.00263% $0.007443 - - $0.014°
Fuel cost ($/MMbtu)! $4.51 $4.51 - - $4.51
Incentives - -| 5year MACRS| 5 year MACRS; -

30% ITC

Performance and cost assumptions not listed here indicate default values in NREL's REopt model & Princeton’s
GenX model were used

!Inflated AEQ electric power sector middle-atlantic region projection for 2030 by $1.74/MMBTU to reflect difference between AEO and more recent STEQ projections for 2026.

*Halcyon provides a reference based on a review of number of regulatory filings. These filings point to higher costs of roughly $2200/kW - $2500/kW. NextEra’s CEO has said publicly on multiple
occasions that CCGT costs have risen to $2400/kW to $2500/kW. Others have confirmed this $2400/kW number.

32024 Annual Technology Baseline (ATB), NREL. Based on research, we use the conservative values for PV capital cost and O&M costs, and Advanced cost for BESS. Both costs escalated to 2025
costs using CPI inflation calculator.

“Recent reports from small scale CT / solar engine / RICE engine show costs potentially approaching $2000/kW. Recent filings in Canada confirm this more inflated number, while other filings point
to a slightly lower cost ($1300/kW). $1600/kW seems like a reasonable midpoint reflecting the inflationary environment that we're seeing today.

°REopt default for largest class (class 7) reciprocating engine



https://www.eia.gov/outlooks/aeo/data/browser/#/?id=3-AEO2025&region=1-2&cases=ref2025&start=2023&end=2050&f=A&linechart=~ref2025-d032025a.39-3-AEO2025.1-2~ref2025-d032025a.19-3-AEO2025.1-2&map=ref2025-d032025a.3-3-AEO2025.1-2&ctype=linechart&sourcekey=0
https://www.eia.gov/outlooks/steo/data/browser/#/?v=8&f=A&s=0&start=2018&end=2026&id=&map=&linechart=NGICUUS~DSWHUUS&maptype=0&ctype=linechart
https://halcyon.io/blog/machine-readable/gas-power-plant-data-product
https://www.investor.nexteraenergy.com/~/media/Files/N/NEE-IR/reports-and-fillings/quarterly-earnings/2025/Q1%202025/Final_Q1%202025%20Script_vF.pdf
https://www.spglobal.com/commodity-insights/en/news-research/latest-news/electric-power/052025-us-gas-fired-turbine-wait-times-as-much-as-seven-years-costs-up-sharply
https://atb.nrel.gov/electricity/2024/data
https://www.bls.gov/data/inflation_calculator.htm
https://halcyon.io/blog/machine-readable/tracking-gas-plants
https://www.cbc.ca/news/canada/manitoba/manitoba-hydro-fuel-combustion-plants-1.7469200
https://www.desmoinesregister.com/story/money/business/2025/02/17/midamerican-energy-iowa-natural-gas-plant-solar-proposal/78975883007/
https://reopt.nrel.gov/tool/reopt-user-manual.pdf

KEY ASSUMPTIONS

PPA Price

_ Technology PPA Price

Offsite Solar PV $79.17/MWh!
Wind $80.12/Mwh!
Virtual Power Plants $123.00/kW-year?

" Cost of tier 1 solar resources and tier 2 wind resource (likely to be marginal resource) in utility territory after inflating all PJM wind and solar projects to match LevelTen price trends
? Real Reliability The Value of Virtual Power, Brattle



https://www.leveltenenergy.com/post/levelten-energy-north-america-ppa-price-index-q2-2025
https://www.brattle.com/wp-content/uploads/2023/04/Real-Reliability-The-Value-of-Virtual-Power_5.3.2023.pdf

KEY ASSUMPTIONS

Tier 3 Financial Assumptions

Project Finance Structure Escalation Rates (nominal)
e Financing Model: Third-party financed e Electricity: 1.8% per year’
e Analysis Period: 25 years' e Natural Gas: 4.0% per year?
e Discount Rate (nominal): 6.38%? o O&M:2.5% per year®

e Effective Tax Rate: 26.0%'’

'ASTM E917-17, Standard Practice for Measuring Life-Cycle Costs of Buildings and Building Systems
22024 Annual Technology Baseline (ATB), NREL
*EIA Annual Energy Outlook 2025, nominal industrial prices 2025-2050



https://store.astm.org/e0917-17e01.html
https://atb.nrel.gov/electricity/2024/data
https://www.eia.gov/outlooks/aeo/data/browser/#/?id=3-AEO2025&region=1-0&cases=ref2025~lm2025~highZTC~aeo2023ref&start=2025&end=2050&f=A&linechart=~~~~~~~~ref2025-d032025a.92-3-AEO2025.1-0~lm2025-d032425b.92-3-AEO2025.1-0~highZTC-d032125b.92-3-AEO2025.1-0~aeo2023ref-d020623a.92-3-AEO2025.1-0&map=ref2025-d032025a.3-3-AEO2025.1-0&ctype=linechart&chartindexed=0&sid=&sourcekey=0

KEY ASSUMPTIONS

Tier 3 Emissions

Hourly emissions long run marginal emission rates for the PJM East region of the Cambium
dataset! used for this analysis.

Additional metrics information:

e Busbar (no distribution losses)
e CO, equivalent

e Combustion (emissions from direct combustion not including pre combustion)

'Cambuim 2023


https://docs.nrel.gov/docs/fy24osti/88507.pdf
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METHODOLOGY OVERVIEW

Three-level modeling: from PJM to the individual data center

Tier 1

System planner
(Societal)

Tier 2

Grid planner
(Utility)

Tier 3

Site planner
(Owner)

Modeling Approach

Capacity expansion model
(GenX)

Production cost model
(SAInt - DCOPF)

&

Power flow model
(SAInt - ACPF + contingency)

Site-level capacity expansion (REopt)

Role in Analysis

Evaluates system buildout to meet forecasted load
growth under a variety of scenarios (including data center
flexibility at scale)

Identifies generator dispatch that minimizes cost and
identifies required load flexibility

Detailed simulation of tfransmission system (including
contingency analysis) to establish security constraints

Identifies technology types, sizes that address
transmission constraints and minimize cost for the
data center



FEEDBACK LOOP

Integrated Modeling to Analyze Interplay Between Perspectives

Tier 1 Two primary data exchanges helped support the
Capacity expansion model analysis o o -
(GenX) 1. Transmission constraints identified in
System planner o Tier 2 were passed as an 8,760hr time
(Societah Rty series to the Tier 3 modeling to
evaluate sizing that would address
Tier 2 Production cost model fhose constraints

CAMNNPEORE) 2. Conditional firm portion of the

qr interconnection (established in Tier 3)

Grid planner Power flow model was used to inform the range of the
(Utility) (SAInt - ACPF + contingency) flexibility sensitivity modeled in Tier 1
Additionally, tfechnology and cost assumptions
Tier 3 1. Transmission constraints were shared between models where possible

Site-level capacity expansion (REopt)
Site planner
(Owner)



TIER 1- SYSTEM PLANNER

GenX Model — What is it and how does it work

GenX, a least-cost optimization model formulated as either a linear or mixed integer program,
takes the perspective of a centralized planner to determine the cost-optimal generation portfolio,
energy storage, and transmission investments needed to meet a pre-defined system demand,
while adhering to various technological and physical grid constraints, resource availability limits,
and other imposed environmental, market design, and policy constraints.

The GenX model is populated with data primarily from PowerGenome. PowerGenome combines
data from various public sources (including FERC, EIA, EPA, and NREL) to characterize the grid
region(s) of interest, the forecasted load profiles, existing and available generation, and cost and
operating characteristics of the various generation/storage technologies included in the model.



https://energy.mit.edu/genx/
https://github.com/PowerGenome/PowerGenome

TIER 1- SYSTEM PLANNER

Market Scenario Modeling

e Optimizes PIM-wide system expansion from the present through 2030

e Three primary scenarios:
o Baseline - reflective of current PJM load forecasts and ELCCs
m Establishes the 2030 system solution for ~24GW of new data center demand, ~11GW of
non-data center demand, and ~20GW of retirement by that date
o Low Demand - reflective of a low data center demand case
m  Removes 11.8 GW of the data center load growth and is used in our analysis to reflect
the low data center case to which we compare the baseline and flexible demand
scenarios (flexible demand described on the next slide)
o  Summer Peak Risk - reduces the derating factor applied to PJM solar power ELCCs,
reflecting a scenario where summer is the peak risk season



TIER 1- SYSTEM PLANNER

Flexible Demand Modeling

e Building upon the baseline scenario described in the previous slide, we model three

flexibility scenarios:

o 20%, 40%, and 60% demand flexibility where the incremental data center demand
(incremental being the 11.8 additional gigawatts from the low demand to the baseline
scenario) can curtail up to X% of its total demand (reflecting that portion of the data center
demand being conditional firm)

e We model this by including a demand flexibility technology that has no capital cost, and a
marginal cost that is high enough to not be included in the dispatch stack, but sufficiently
low that the model uses it to avoid constructing new generation resources.

o The flexibility technology does not have a capital cost because these are resources that the
data center would develop and use to support the conditional firm portion of their demand.
The marginal cost is tuned such that the data center will consume grid power at all fimes that
it is available, yet can be curtailed to avoid capacity build out.



TIER 2 - GRID PLANNER

Integrated Generation & Transmission Planning Model of Utility Territory

Key inputs to the grid planner model

e Transmission planning base case
o Utility provided a summer peak demand case for 2025
Economic data and assumptions
o Generator locations, types, costs, capabilities
e Load and weather profiles
o 8,760hr T-SCADA data used fto establish the load for the PCM
o Data center 8,760hr load profile
e Geospatial data for tfransmission system
o Used to establish where the six data center site locations would connect

> Generates a SAInt model that can be run either as a Production Cost
Model (PCM) or AC power flow (ACPF) model to evaluate power quality

and perform contingency analysis ‘



https://www.encoord.com/saint

TIER 2 - GRID PLANNER

Evaluating the Power System with Added 500 MW Data Center Demand

Optimize System c:nd't'cl’:? AC
Dispatch w/Data ower How

C with Optimal

enter .
Dispatch

Hourly capability of grid
to deliver power to data
center considering

security constraints.

Identify Potential Re-optimize
System Failures » Dispatch with 9
(Contingency Contingency
Analysis*) Mitigation (SCED)

*A contingency analysis process is applied in the ACPF domain where the loss of a system component is simulated to check the resultant power
flow and system voltages. The loss of all generators, and 500/230 kV level transmission lines and transformers are tested individually. If violations
are observed, these constitute new constraints that are applied in the PCM domain that will further limit the power deliverability capability to the
proposed data center, requiring further flexibility.

66



TIER 2 - GRID PLANNER

Data Center Sites

6 sites across an area of
~1,700mi% with maximum
distance between any two sites
of ~130mi

Diversity in substation
infrastructure and nearby
generation

Simulated each through the
previously described workflow
(at various sizes)

Output — “Unmet load hours”
(essentially the data center load
that is not able to be served by
the system)

Interconnection

Voltage Level

Line Connections

Peak Utilization

Additional Notes

Hare 230 kV Substation with 230 kV / 69 58% maximum and 42% | Approximately 200 MW
kV voltage levels minimum loading of the | delivered to 69 kV system
Junction of 4 - 230 kv set of 230 kV class lines at | at peak demand
transmission lines peak system demand

Koala 230 kv Substation with 230 kV / 69 58% maximum and 9% Approximately 70 MW
kV voltage levels minimum loading of the | delivered to 69 kV system
Junction of 3 - 230 kV set of 230 kV class lines at | at peak demand
transmission lines peak system demand

Pony 230 kV Substation with 230 kV / 69 22% maximum and 10% | Approximately 80 MW
kV voltage levels minimum loading of the | delivered to 69 kV system
Junction of 2 - 230 kv set of 230 kV class lines at | at peak demand
transmission lines peak system demand

Shark 230 kV /500 kV Substation with 500 kV / 230 58% maximum and 15% POI for thermal generation
kv minimum loading of the
Junction of both 500 kV and set of 230 kV class lines at
230 kV transmission lines peak system demand

Snake 230 kV /500 kv Substation with 500 kV / 230 39% maximum and 15% POI for thermal generation
/oK olugelols | minimunleading ot e | spprovimaty 21070
Junction of both 500 kV and cak svstem demand delivered to 69 kV system
230 kV transmission lines P Y at peak demand

Whale 230 kv Substation with 230 kV / 69 49% maximum and 6% Approximately 95 MW

kV voltage levels

Junction of 3 - 230 kV
transmission lines

minimum loading of the
set of 230 kV class lines at
peak system demand

delivered to 69 kV system
at peak




TIER 3 - SITE PLANNER

REopt — what is it and how does it work

e NRELs REopt model enables optimal selection
of technology type, size, and dispatch for (1)
meeting data center demand during
tfransmission constrained periods and (2)
minimizing costs for the site by reducing utility
bill charges

e The model brings all future costs (e.g., annual
O&M costs, energy costs, fuel costs etc.) to
present value and weighs those against capital
investments now.

e To effectively optimize utilization (and the
value) of technologies options, it models
dispatch decisions for all 8760 hrs in a year

Source for graphic: https://www.nrel.gov/reopt/about/,


https://reopt.nrel.gov/tool

TIER 3 - SITE PLANNER

Identification of optimal on-site portfolio to solve transmission
constraints

To address the transmission constraint and identify optimal onsite/co-located resources:

1.

We first reduce the unmet load profile by the available compute load flexibility (max of 20 hours,

for a max of 25% of demand in that hour)

a. This step reflects the fact that the cost of compute flexibility is considered outweighed by the speed to capacity benefits and
therefore low/zero marginal cost for a subset of more flexible workloads up to a certain point (in this case, modeled as 20 hours at
25% or less of total load)

We then enter the remaining unmet load profile info REopt and size technologies to meet that
load profile (where the grid is unable to serve this load)

We then conduct a final run where the technology sizes from step #2 above are forced in as
minimum sizes and we optimize for any additional cost savings that can be achieved by new

technologies or increased technology sizes

a. This cost-minimization is against the utility tariff and primarily driven by demand charge management or energy arbifrage
opportunities

The suite of technologies assessed in the REopt model include PV, BESS, and gas generators



TIER 3 - SITE PLANNER

Identification of accredited capacity options to address
generation constraints

Once the onsite/co-located technologies were sized to address the transmission constraints

(see previous slide), we then evaluated BYOC approaches to bring accredited capacity for the
firm portion of the interconnected demand. This was done by:

e Procuring offsite PPAs or VPP and using the associated accredited capacity for BYOC
o  These were selected from cheapest to most expensive order (on a $/kW of capacity basis). See next slide for details

e If those options cannot provide sufficient capacity (e.g., not enough PPAs available in the
queue), co-located resources were selected

Offsite options were prioritized because of their availability in interconnection queues and their
alignment with common data center procurement practices, while on-site and co-located

resources are modeled as secondary options when off-site accredited capacity is insufficient or
slow to deploy.



TIER 3 - SITE PLANNER

Assessing the cost of offsite PPAs and VPPs

We put the VPP and offsite PPAs on a level playing field by:

1. Accounting for the energy generation from 1kW of wind and solar and reducing the cost by that amount

multiplied by the average LMP (at the node for the site)

2. Converting from $/kWh PPA prices to $/kW prices by multiplying the PPA price by the energy oufput from

a kilowatt of nameplate

3. Converting a kW of nhameplate capacity to accredited capacity using average ELCCs for the resource type

Technology PPA Price PPA Cost

Accounting for

Cost for Accredited

Energy Benefits
Solar PV $79.17/MWh $52.58/kWh
wind $80.12/MWh $53.53/kWh
Virtual Power Plants $123.00/kW -

Capacity

6% $1,123/kwW
23% $710/kW
59% $210/kw
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SERVICE LEVELS

Firm and conditional firm service levels vary significantly across
the 6 sites evaluated

Largest Tx Smallest Tx

. . No Tx constraints
constraint constraint

@ Conditional firm
@Frm



ON-SITE RESOURCES

Optimal portfolios: least transmission-constrained site

For Koala, the load flexibility alone is sufficient to
meet the fransmission constraint, however it is
cost-effective to add DERs to further reduce the
energy supply cost, including 26 MW of solar PV, 49
MW of BESS, and 11 MW of generator. The additional
cost effective DERs are primarily reducing the
>$50/kW demand charge, but are also dispatched
to offset high LMP prices.

When restricting available resources to exclude
natural gas generators* and local solar**, a 59 MW
BESS is cost-optimal to mitigate energy supply costs.

*E.g. to avoid on-site fossil emissions
**E.g. because of physical space constraints



ON-SITE RESOURCES

Optimal portfolios: most transmission-constrained site

For Hare, the cost-optimal technologies to meet
the transmission constraint include a 143 MW
BESS and 50 MW generator (in addition to load
flexibility); it is not cost-effective to add
additional DERs to mitigate energy supply costs.

When restricting available resources to exclude
natural gas generators*, a 206 MW BESS is
required to meet the transmission constraint.

*E.g. to avoid on-site fossil emissions



LIMITS TO OFF-SITE PPA CAPACITY Estimating available PPA capacity per 500 MW data center

AVCI i Iq ble P PA Cq pqci-'-y (PJ‘ M) 1) Calculated available accredited capacity per data center for

eligible in-queue resources (110 MW solar, 57 MW onshore wind)

2) Estimated available local VPP capacity (10% of peak demand,
per VPP Liftoff report)

3) Adjusted for local resource availability (increased solar,
decreased wind) and PJM’s actual YTD construction for 2025

ELCC 6% 46% 30% 83% 23% 95%

Accredited 110 MW 515 MW 111 MW 285 MW 57 MW 32 MW
Capacity per DC
Meet DC

Requirements? Yes No No No Yes No

Sources: Interconnection.FYI, VPP Liftoff Report, PTM


https://climateprogramportal.org/wp-content/uploads/2025/06/LIFTOFF_DOE_VPP_2023.pdf
https://insidelines.pjm.com/pjm-completes-interconnection-reform-transition-cycle-1-studies/

Sensitivity analysis: high- and low-PPA availability (in PTM)

The analysis also evaluated the impacts of higher (474 MW per data center) or lower (79 MW per data center) off-site PPA availability on
the lifecycle costs for two sites (Hare, Koala). Findings showed that higher PPA availability drove down per MW PPA costs ($ per MW)
due to more availability of lower cost options and allowed the data center to procure all firm capacity from PPAs (though at higher

lifecycle costs). Low PPA availability drove up per MW PPA costs ($ per MW) and forced the site with less firm capacity to procure onsite
resources, as off-site PPAs were insufficient.

In addition, we modeled the impact of both high- and low-availability using GenX’s Summer Peak ELCCs (where renewables had higher
ELCCs). The result was significantly lower cost per kW of accredited capacity of clean PPAs, leading to lower total costs across the board.



VALUE OF SPEED TO POWER

Speed to power benefits: key calculations

Costs: the present value of
incremental costs from on-site
resources and PPAs

Benefit: the present value of incremental
earned EBITDA (via faster path to power)

The economic The analysis estimates the value of faster Incremental costs were calculated by
outcome equals interconnection by assuming between 1 and 5 years summing the capex of on-site resources
PV of benefits of “time gained.” For each accelerated year, the team with the present value of ten years of opex,
minus PV of calculated the incremental MW the site would be able and adding the present value of
costs. to access: the full 500 MW during the years gained incremental PPA costs (net of avoided PJM
from resolving generation constraints, and only the energy purchases).
conditional-firm portion in later years when firm
generation capacity would have been available under All costs were discounted using the same
the status quo. Incremental MW were multiplied by 8% rate.

the assumed revenue per MW ($4-12M, median $8M)!
and a 45% EBITDA margin.

The annual EBITDA gains were discounted at 8% (with
$0 assigned to the 2 construction years) to determine
the present value of speed-to-power benefits.

1Average of estimated AI revenue and colocation rental fees (The Network Installers; CBRE H2 2024); verified via primary industry interviews


https://thenetworkinstallers.com/blog/ai-data-center-statistics/
https://www.cbre.com/insights/reports/north-america-data-center-trends-h2-2024

APPENDIX D
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Excludes BYOC impacts

GENX MODEL OQUTPUTS

Capacity and energy prices were analyzed across cases

Capacity and energy prices are outputs from the GenX modeling for the PJM system. Low demand includes ~12 GW of new data center
demand, ~11 GW of non-data center demand, and ~20 GW of retirement by that date. Baseline represents PIM’s active forecast, which
includes 24 GW of data center demand, representing an incremental 11.8 GW of demand. Summer peak reduces the derating factor
applied to PIM solar power ELCCs, reflecting a scenario where summer is the peak risk season.



AVOIDED CAPACITY

Flexible connection reduces new capacity builds required to serve
1 GW of new demand

-273 MW Flex20

-654 MW Flex40

-963 MW

Flex60

Flex20 refers to serving the incremental 1 GW of data center demand with 20% conditional firm and 80% firm service. Flex40 refers to
40% conditional firm and 60% firm service. Flex60 refers to 60% conditional firm and 40% firm service. All values are avoided buildout of
capacity on a nameplate basis, based on different resources mixes provided as outputs from the GenX model.



CALCULATIONS

BYOC internalizes costs based on clearing price and quantity

Base Flex20 Flex40 Flex60
Additional firm capacity
per GW of demand 1,000 MW 800 MW 600 MW 400 MW

(Megawatts)

Capacity clearing price $1,229 per $1,116 per $1,116 per $1,071 per

($ per Mw-day, converted MW-day MW-day MW-day MW-day

to $MM per MW-year) ($0.45MM/year)  ($0.41MM/year) ($0.41MM/year) ($0.39MM/year)

DMOE $449 MM $326 MM $244 MM $156 MM

($MM per GW of demand)

Capacity clearing prices are outputs of GenX modeling. Flex20 refers to serving the incremental 1 GW of dafa center demand with 20%
conditional firm and 80% firm service. Flex40 and Flex60 refer to 40% and 60% conditional firm respectively.
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SYSTEM-LEVEL EMISSIONS

PJM emissions expected to increase, flexibility helps minimally

Baseline: GenX projected an increase
in PIJM’s average emission rate by
2030 due to increasing load,
stagnant nuclear contributions, and
slow renewable growth, leading to a
resurgence in coal-fired generation.

Flexible connections slightly reduce

emissions rates, but the impact is

minimal and utilization of fossil

generation may increase if not

paired with a carbon-free or

low-carbon energy procurement

strategy by the data center. Emission rate 0.360




SITE-LEVEL EMISSIONS IMPACTS

Hare: on-site DERs increase emissions 6%, PPAs reduce 56%

Chart shows the emissions impact of onsite generation required to meet fransmission constraints (plus any
additional cost-effective DERs), and off-site PPA purchases to meet capacity requirements. Note the large
reduction in emissions from the off-site PPA purchases is driven by the large installed capacity required for
accreditation given ELCCs. Onsite DERs lead to a net increase of 6% (reduction from grid purchases plus increase
from generator); off-site PPA purchases reduce emissions by 56%.

Accredited | Nameplate
(MW) (MW) -4%

DC Flex -52%
.. PV 0 0
Onsite
BESS 0 143
Generator 0 60 ~4%
PV PPA 113 1,930
Offsite Wind PPA 11 50

VPP PPA 29 50



SITE-LEVEL EMISSIONS IMPACTS

Koala: on-site DERs increase emissions 3%, PPAs reduce 58%

Emissions impact for Koala are similar; here the onsite DERs (net of fewer grid purchases)
increase emissions by 3% while off-site PPAs reduce emissions by 58%.

Accredited | Nameplate
(MW) (MW)

DC Flex 4%
. PV 0 26
Onsite -54%
BESS 0 55
Generator 168 213*
PV PPA 118 2,000 -4%
Offsite Wind PPA 11 50
VPP PPA 29 50

*Includes 11 MW of on-site generator capacity that is
used to manage supply costs and is not accredited



DLR IMPACT

Simple modeling of DLR implies significant curtailment reduction

The analysis used representative conductors at each primary voltage level (500, 230, and 69kV) to apply increased
capacity values based on a national dataset from NREL. The hourly DLR to SLR ratio averaged across 2007-2013
resulted in increased capacity in all hours, but in particular during the winter time when the tfransmission system is
constrained. Applying the DLRs, results showed little to no curtailment would be required across the two sites
evaluated.

These results demonstrate that DLR generally has
potential to alleviate transmission constraints, yet
we note that studies have shown the need for
detailed analysis that drives successful applications.

Additionally, the fechnology needs to be integrated
into the utility operations to drive full savings.

| Cortament reguired by demand lve
Koala 0] 0 0
Hare 0 0 50 MW; 3 hrs


https://github.com/NREL/DynamicLineRatings
https://www.aes.com/sites/aes.com/files/2024-04/AES-LineVision-Case-Study-2024.pdf

ENERGY MIX

Hare: 95.1% of energy supply from grid with cost-optimal mix

While the sizes of DERs to meet transmission constraints represent a large portion of the rated capacity of the
data center, they make up a small portion of meeting the load (GWh). The data center flexibility and generator are
dispatched sparingly, o meet constraints and occasionally lower demand charges, while the BESS cycles daily to
flatten load and lower demand charges.

179 GWh

3,328 GWh
Annual GWh 29 3 147



ENERGY MIX

Koala: 95.5% of energy supply from grid with cost-optimal mix

While the installed capacities needed to meet the transmission constraint at Koala are smaller, the
impact on contribution to data center load doesn’t change significantly.

157 GWh

3,347 GWh

Annual GWh 0.3 20 29 108



MARKET-WIDE MODELING (PJM)

ELCCs by market scenario

e Anficipated ELCCs are calculated based on each technology’s marginal reliability
contribution during capacity-constrained hours, multiplied by a derating factor

e Solar ELCCs are low except in the Summer Peak Risk scenario; wind & storage are higher

9h
7.6h
4.1h



MARKET-WIDE MODELING (PJM)

Capacity builds by market scenario

e Gas resources supply a significant portion of
incremental PIM capacity to meet baseline demand
growth in all cases

e Storage is optimally deployed at very long durations
in most cases, reflecting very high capacity prices
driven by gas limitations

e Much greater reliance on solar is possible if peak risk
occurs in summer

e In UCAP terms, gas makes up the large majority of
new installed capacity in all scenarios except
Summer Peak Risk

e ~2.4 GW of data center flexibility (11.8 GW with 20%
flexibility) reduces total accredited capacity
requirements by ~5 GW



IMPACT OF MULTIPLE FLEXIBLE DATA CENTERS

Adding all 6 data centers (at 700 MW nameplate) at the same
time leads to complex outcomes — further analysis required

The table below shows the impact of adding 4.2 GW of data center load (700 MW at each of the 6 sites evaluated)
compared to 500 MW at each site (individually).

Overall curtailment increases, particularly for the most constrained site(s), likely due to fransmission congestion
being contained to a small number of lines. This highlights both the importance of continued transmission
upgrades for the most constrained lines and the need to study large load additions in correct sequence
(clustered or one-at-a-time). It’s unlikely all six of these data centers would interconnect at the same time, in the
same region, but it would clearly increase the size of on-site resources required to manage network constraints.

Transmission constraints 4.2 GW DC Load (6 sites) | Single 500 MW DC

Hours of curtailment 4 - 166 hours 0 - 35 hours

Percent of time 0.05% - 1.89% 0.0 - 0.4%

MWh of curtailment 674 - 24,628 MWh 0 - 2,299 MWh
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A flexible connection enables the data center to continue operating unaffected
when the grid is constrained, by using local resources

Approved connection~_

capacity

Conditional Firm

Demand (MW)

Time

Approved connection is the contractually provided level of service, inclusive of both firm and conditional firm portions. Local generation
or demand flexibility refers to on-site or nearby resources that generate on-site power or reduce demand below the constraint point. Grid
capacity refers to the amount of power that can be delivered at a moment in time, inclusive of generation and fransmission constraints.



A bring-your-own capacity (BYOC) tariff addresses generation capacity
constraints more quickly by procuring or building new capacity directly

Connection
Request
PPA :
i) QUEUE) Delivery ~1-2 years
On-Site ’
(Construct)

This represents a simplified, illustrative model of bring-your-own capacity. Eligible PPA resources are be limited to those that can be
accredited by the ISO/RTO or relevant utility - including locational requirements based on regional supply needs. Note: Bring Your Own
Generation (BYOG) constructs offer a parallel structure for data centers to bilaterally procure deliverable energy supply fo match their
demand, and can be paired with BYOC contracts to procure accredited capacity and delivered, time-matched energy.



Modeling Approach Questions Addressed
Tier 1

Capacitv expansion model What will the generation mix look like
pacty (GpenX) } in 2030? What are the associated costs,

emissions impacts, and constraints?
System planner

(Societal)
Tier 2 Production cost model
SAInt - DC OPF .
( ) Can the system reliably supply the new
4 } data center demand and what do the
tfransmission constraints look like?
Grid planner Power flow model
(Utility) (SAInt - ACPF + contingency)
Tier 3
Site-level capacity expansion What system types and size.s should be
(REopt) deployed to address transmission
Site planner constraints and reduce costs?

(Owner)



Flexible connection and bring your own capacity (BYOC) shorten the wait for a
data center grid connection by 3-5 years

Low/High @ Normal case BYOC Flexible connection

o 2 4 6 years
Data center construction .
Generation buildout o
Transmission upgrades o
Wait for buildout / upgrades 5-7 years
Flexible connection + BYOC 2 years Shortens by 3-5 years

Normal and high cases assume major transmission upgrades (e.g. new 230 kV or higher lines, significant reconductoring of lines) are required.
Low case assumes extension of MV transmission and/or development of a new or retrofitted substation. Normal case for generation buildout
assumes a new generation resource must navigate the PJM interconnection queue (start fo finish).

Sources: U.S. Department of Energy Transmission Impact Assessment, Bloomberg, primary industry interviews



Across all sites, grid power remained available for more than 99% of all hours in
the year, with local resources dispatched for only 40 - 70 hours annually

Largest Tx
constraint
Time to connect 2 years
Transmission curtailment ~35 hours
Grid availability >99%
Annual curtailment  ~67 hours

2 years
~13 hours
>99%
~45 hours

Smallest Tx
constraint
2 years 2 years 2 years
~11 hours ~7 hours 0 hours
>99% >99% >99%
~43 hours ~39 hours ~32 hours

Annual curtailment includes transmission curtailment + ~32 hours of estimated generation curtailment for all sites

@ Conditional firm
@Frm

2 years
0 hours
>99%

~32 hours



On-Site Resources: Cost-optimal portfolios alleviate local transmission
constraints and optimize bill savings for the data center

Hare: Cost-Optimal Portfolio Koala: Cost-Optimal Portfolio

g Peak curtailment: 281 MW g

z z

£ £

O o]

& &

g < Peak curtailment: 109 MW
R 9 S
= B

[%2] [%2]

= S
Annual GWh 29 3 147 0.3 26 29 35

Analysis considered BESS, load flexibility (20 hours), solar PV, and natural gas generators as available on-site technologies. Annual GWh represents the
GWh served by that resource (out of ~3,507 GWh of total annual demand for the data center). The cost-optimal portfolios include the resources
required to meet the peak transmission constraint as well as optimize bill savings for the site.



Grid power remains available >99% of the year; on-site or co-located resources
are dispatched 40-70 hours annually to manage grid constraints

Daily minimum deliverable power (% of nameplate) - based on tfransmission capacity (Hare)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3l

B

Dispatch of on-site resources during longest transmission grid constraint (Hare)

100



Across studied sites, incremental EBITDA outweighs additional lifecycle costs
by $0.9 billion to $4.3 billion for flexible connection + BYOC model

Hare: Incremental EBITDA vs. costs Koala: Incremental EBITDA vs. costs
@ Incremental EBITDA (PV) Lifecycle Costs (PV) @ Incremental EBITDA (PV) Lifecycle Costs (PV)
Net return $2.0B $3.2B $4.3B Net return $0.9B $2.2B $3.4B

All values are present value (PV) based on 8% discount rate. Incremental EBITDA assumes $8M in annual revenue per MW and 45% EBITDA margin. The
two sites were selected based on their status as the “bookends” with the largest (Hare) and smallest (Koala) transmission constraints. Incremental
EBITDA assumes 500 MW is connected in Year 2 (when data center construction concludes) and is calculated as the difference between 500 MW and
the available firm power for the site assuming generation constraints are alleviated in the final 2 years, allowing for firm service up to the fransmission
constraint. Incremental lifecycle costs includes the capital and operating costs for on-site resources required to enable flexible connections as well as
the incremental costs of off-site PPAs and on-site resources required to enable BYOC models.



Faster speed to power for a 500 MW data center drives incremental EBITDA
while incurring add’l lifecycle costs; positive net returns with 2-5 years of gain

Net Returns ($B) Speed to Power Gains

(EBITDA - Lifecycle Costs,
Average of 2 Sifes) +1 Year +2 Years +3 Years +4 Years +5 Years

($4ML|§;: MW) -$0.9 -$0.6 +$0.1 07 +$13

Median
($8M per MW)

High )

All values are present value (PV) based on 8% discount rate. Incremental EBITDA assumes $4M (low) to $12M (high) in annual revenue per MW and
45% EBITDA margin. All values are averages across the two bookend sites (Hare, Koala). Incremental EBITDA assumes 500 MW is connected in
Year 2 (when data center construction concludes) and is calculated as the difference between 500 MW and the available firm power for the site
assuming generation constraints are alleviated in the final 2 years, allowing for firm service up fo the transmission constraint. Incremental lifecycle
costs includes the capital and operating costs for on-site resources required to enable flexible connections as well as the incremental costs of
off-site PPAs and on-site resources required to enable BYOC models.

-$0.6 +$0.1 +$1.5 +$2.7

Revenue Per MW



For each GW of new demand, GenX found that PIM would build 2.2 GW of
nameplate generation capacity - mostly natural gas and BESS

Based on +11.8 GW of data center demand growth in PIM between 2025-2030, in excess of 23 GW of baseline load growth and -20 GW of retirements.



Flexible connection avoids 273 MW of new capacity per GW of incremental
data center demand, primarily BESS

-273 MW

Assumes 20% conditional firm service, 80% firm service. Based on comparison to baseline scenario with 100% firm service.
Applied to 11.8 GW of incremental data center demand (2026-2030).



With flexible connections and BYOC, a data center covers ~100% of incremental
system costs, ensuring costs are not shifted to other electricity customers.

Paid by the
data centers

> $733M

*Findings included 100% +/-5% cost recovery (e.g. 95-105%) across scenarios representing multiple levels of data center demand and flexibility. The
20% flexibility (“Flex20”) scenario with baseline demand (represented above) results in $32M (~4%) residual costs. Residual costs arise from
non-linearities in supply and demand curves, where GenX prices imperfectly align with system cost changes.



HOW BYOC LOWERS CAPACITY COSTS

BYOC boosts supply to offset higher demand; no change to price

Conceptual model:

@ Initial clearing price (“low
demand” case)

Incremental data centers
cause demand to increase

@ Flexible connection causes
demand to decrease

BYOC increases supply with
inframarginal offer

@ Result = 1demand, tsupply
no change in capacity price

Generation Capacity (System-Wide)
Price

Demand Supply

l l
1 1 :
Quantit
Q Y



PJM’s load factor increases from 57.1% to 60.1% with incremental data
center load by 2030; may increase further with flexible grid connections

All values are PTM-wide and for 2030. Assumes average data center load factor of 80% with 100% firm service. Flexible data center
refers to 20% conditional firm, 80% firm service, reducing firm capacity by 20% and increasing effective load factor to 95-100%



Barriers To Implementing Flexible Connections & BYOC

Planning
frameworks are
built for always-

available

demand

Accreditation
methods don’t
consistently
define and value
load modifying
resources

Transmission &

Tariffs only allow resource
firm or non-firm adequacy
service—not a commitments
mix. must be

independent



Seven Actions To Accelerate Progress

FOR ISO/RTOS

Expand
access to
conditional
firm service

Invest in
advanced
planning
tools

Launch
large-scale
pilot projects

Publicly
signal
willingness
to engage .
9ag Modernize
Develop and .
. planning &
standardize S
accreditation
SELEITIENES frameworks
Create
standard
FOR UTILITIES requiremenTs

& guidance






