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Introduction

After two decades of flat electricity demand 	
nationwide, a new class of large loads is driving 
rapid demand growth, transforming planning and 

operation of power grids. These loads—including data 
centers, advanced manufacturing, hydrogen production 
facilities, electric vehicle fleet charging, and industrial 
electrification—differ from historical sources of  
demand growth. 

Utilities and grid planners use load forecasts to inform 
future transmission system and resource needs. The 
power industry cannot efficiently plan and build neces-
sary generation resources and transmission facilities 

without confidence in these load forecasts. If a load 	
forecast is inaccurate with respect to the scale, timing, 
and location of changes in system load, then utilities and 
regional grid operators may fail to provide timely service 
to new customers or may build assets that will not be 	
efficiently used over the course of their useful lives, 	
incurring excess costs for customers. Load forecasting 	
is critical for determining the need and timing of new 	
energy infrastructure. This ESIG report supports efforts 	
to improve forecasting for large loads.

The ESIG Large Loads Task Force adopted the definition 
by the North American Electric Reliability Corporation 



FORECASTING FOR LARGE LOADS: CURRENT PRACTICES AND RECOMMENDATIONS                        ENERGY SYSTEMS INTEGRATION GROUP  2    

B OX  1
FERC Chair Rosner’s Questions to  	
Regional Transmission Organizations 
and Independent System Operators 
Regarding Large Load Forecasting, 
September 2025*

•	 How do you, the utilities in your footprint, 	
and state regulators obtain information that 
verifies when and whether prospective large 
loads in your region will reach commercial 	
operation?

•	 To what extent are prospective large load 	
requests subject to consistent, objective 
screening criteria before they are included 	
in the load forecast?

•	 How do you forecast how the actual electricity 
consumption of a large load will compare to its 
requested level of interconnection service?

•	 How do you coordinate with utilities at the 	
regional or interregional level to share best 
practices on large load forecasting and ensure 
that large load interconnection requests are 
not double-counted?

* Federal Energy Regulatory Commission (2025a)

(NERC) for a large load facility: “Any commercial or industrial 
individual load facility or aggregation of load facilities at a 
single site behind one or more point(s) of interconnection 
that can pose reliability risks to the [bulk power system] 
due to its demand, operational characteristics, or other 
factors” (NERC, 2025a). The lack of historical data for 
many of these types of facilities presents novel  
challenges for load forecasters and grid planners.

About 55% of currently forecast load growth is attributable 
to data centers (Wilson et al., 2025). Data center loads 
are particularly difficult to forecast because they are 	
very large, they seek rapid interconnection to the grid, 
and their completion rate is more uncertain than large 
loads historically. These topics receive special emphasis 
throughout this report.

In recognition of these emerging challenges, NERC 	
issued an industry recommendation on integration of 
large loads into transmission planning demand forecasts 
(NERC, 2025a), and the Federal Energy Regulatory 	
Commission (FERC) has launched an investigation 	
into this topic, as described in Box 1.

Differences Between Traditional 		
Load Forecasting and Large Load 	
Forecasting
A range of entities produce large load forecasts:

•	 Utilities forecast demand for their service territories, 
often using customer contracts, interconnection 	
requests, and historical data when available.

•	 Independent system operators (ISOs) and regional 
transmission organizations (RTOs) develop regional 
forecasts for transmission planning and resource 	
adequacy that incorporate utility data.

•	 Some regulatory bodies, such as the California Energy 
Commission, produce forecasts for use by utilities 	
and regional planning authorities.

•	 Third-party market analysts forecast for investment 
and other business purposes, often with a short-	
term focus.

Forecasting practices are typically grounded in regression 
models based on historical trends for load and weather 

data, as well as macroeconomic and demographic 	
indicators. More recently, load forecasting processes 
have been evolving to include adjustments for known new 
loads at the distribution level and new behind-the-meter 
distributed energy resources, such as solar and storage 
systems, electric vehicles, and building electrification 
technologies (ESIG, 2025).

However, these traditional forecasting approaches are 
ill-suited to emerging large loads. First, while general 
commercial loads follow population or economic growth 
patterns, emerging large loads do not correlate with 	
either population or economic growth. Second, several 	
of the dominant emerging large loads types—particularly 
data centers—are so new in some regions that few utilities 
have sufficient historical data for their service territories 
to construct statistical projections of future loads. 
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1	 See https://www.esig.energy/large-loads-task-force.

Based on the project team’s research, a well-defined large 
load forecast would evaluate five key metrics for large 
load customers, as shown in Figure 1. These metrics jointly 
drive the forecast calculation of how much new large 	
load demand will be added, how soon, and the associated 
energy use patterns over time. These metrics can be 	
applied to both individual project loads as well as other 
loads included in the large load forecast. 

Because many types of large load projects are forecast 	
to have a project realization rate of less than 100%, 	
the load forecast may consider other forecast metrics 	
on a collective basis rather than on a project-by-project 
basis. The project realization metric can be thought 	
of as the percentage likelihood that an individual project 
will move from proposal to completion and operation, 	
and more broadly as the percentage of proposed 		
large load interconnections that will mature to full 	
operation.

The large load forecast informs transmission service 	
requirements for these future customers. Any transmis-
sion-connected load needs an interconnection study 	
to determine what upgrades are necessary to make the 
physical connection to the grid based on the character- 
istics of the load and existing transmission system 	

conditions. (This topic is covered by the ESIG Large Loads 
Task Force report Interconnection Processes for Large 
Loads.)1 For those large loads that require more power 
than the existing transmission system can reliably deliver, 
additional technical studies, permitting, and construction 
are necessary. This utility process can require 5 to 10 
years from the forecast need to project completion, which 
may not align with the customer’s desired energization 
date and load ramping plans.

Another key purpose of the large load forecast is to 	
determine the impact of large loads on system generation 
and resource adequacy (Figure 2, p. 4). (This topic is 	
covered by the ESIG Large Loads Task Force report 	
Planning for Large Load Flexibility in Resource Adequacy.) 
Increased electricity demand can trigger changes in a 
utility’s plan to acquire generation resources or a regional 
wholesale market’s capacity requirements. The revised 
load forecast may drive almost immediate changes in 	
resource procurement needs, even for loads that are not 
expected to energize for several years. This challenges 
the pace at which utilities and independent developers 
can permit and build new resources.

Large load forecasts can affect other types of power 	
industry plans. For example, utilities may consider large 

F I G U R E  1
Five Large Load Characteristics and Forecast Metrics

Large load forecasts can characterize and evaluate new loads using five core metrics: project realization, energization date, load 	
realization, load ramping, and load factor/load shape. Together, these describe whether, when, and how completely large load  
projects materialize and how they use electricity over time. Applying these metrics consistently improves comparability and 	
transparency across forecasts.

Source: Energy Systems Integration Group.

Project Realization Energization Date Load Realization Load Ramping
Load Factor or  
Load Shape

The rate at which 
projects included in 
the load forecast are 
placed in service

•	 Often presented 
as a percentage of 
project requests 
expected to come 
to fruition

The beginning of 
commercial operation 
by projects, including 
anticipated delays

The forecast peak  
load that the project 
is expected to require 
once it’s fully scaled up

•	 Often presented 
as a percentage of 
requested peak  
load

The monthly or annual 
forecast of demand 
during the startup 
period of commercial 
operation

•	 Often presented  
as a percentage of 
requested peak  
load

•	 Load factor:  
Actual energy use 
as a proportion of 
facility capacity

•	 Load shape: More 
detailed information 
on power needs,  
for example, an 
hourly schedule  
of energy use

https://www.esig.energy/large-loads-task-force
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Historical 
data

F I G U R E  2
Large Load Forecast Development for System Planning

The large load forecast informs both transmission planning and generation and resource adequacy assessments. Peak-oriented 
metrics guide transmission needs and timing, while all five metrics, including load factor and load shape, inform generation and  
resource planning. Accurate large load forecasts ensure that infrastructure is built at the right scale and pace to meet future demand.

Source: Energy Systems Integration Group.

Interconnection
request

Data Inputs

Other Customer- 
Supplied Data

1. Project realization

Project Metrics

2. Energization date

3. Load realization

4. Load ramping

5. Load/factor/shape

Peak load 
forecast 

Load Forecast

Load  
factor/shape

forecast

Transmission
planning

System Planning

Resource
planning

load forecasts in capital budgeting and financial planning. 
Rate cases may also be affected if the utility uses 	
forecast-based adjustments.

A few utilities include load forecasts in distribution 	
planning. However, most large load forecast data lack 	
the necessary locational granularity to identify impacts 
on specific distribution circuits until interconnection 	
requests are received.

Forecast Uncertainty Compounded  
by Data Centers
Large load customers are requesting grid interconnection 
at a speed and scale not experienced in decades. The 
standard practice for generation and transmission plans is 
to take a long view, looking to optimize near-term projects 
with longer-term forecast requirements. However, data 
center customers are prioritizing “speed to power,” or 	
the ability to energize their facility as quickly as possible. 
The speed and scale of large load requests may affect  
planning optimization practices with a scramble to meet 
near-term requests. Adapting these practices to provide 
service to the speed and scale of new customer requests 
means identifying and addressing several different 	
uncertainties.

The most immediate uncertainty is project realization. 
Uncertainty around whether a prospective new customer 
will ultimately energize is nothing new to utilities—projects 
may be cancelled for any number of reasons. But project 
realization for data centers is more uncertain because 
individual data center developers often submit multiple 
interconnection applications across multiple utilities, 
planning to complete only some projects. Thus, for a 	
given service area, only a portion of proposed data center 
projects are likely to be realized, with timing dictated by 
the progress of the developer’s other projects, whether 
due to the pace of interconnection or other business 	
factors.

The Electric Reliability Council of Texas’s (ERCOT’s) 	
experience demonstrates moderate project realization 
and load realization rates. ERCOT calculated that of the 
large load projects with load expected to be in service 	
in 2024, 55.4% were actually in service by February 2025, 
and that for data center projects with in-service dates 	
of 2022 to 2024, actual load was only 49.8% of the 	
interconnection load request amount (ERCOT, 2025b). 

The scale of data center load can increase the conse-
quences of an errant forecast. Today, about half of data 

Third-party 
data
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center project load planned to energize in the next several 
years is for projects 1 GW or larger (Wilson et al., 2025). 
For a utility that is anticipating a few GW of data center 
load growth, just one project cancellation can dramatically 
alter its load forecast and infrastructure requirements. 
Furthermore, data center projects can progress rapidly 
once approved. The potential for changes in a project’s 
power requirements creates uncertainty for their  
energization date, load ramping, and realized demand. 

Consequences of Inaccurate Forecasts
Where large loads become dominant drivers of anticipated 
growth, the consequences of inaccurate forecasts grow 
increasingly severe. Overestimating demand can lead to 
overbuilt infrastructure and stranded assets, increasing 
the price of electricity for all customers if the cost of 	
required infrastructure is not fully recovered from the 
large load customers through charges and rates. Under-
estimating demand can lead to reliability shortfalls, rushed 
infrastructure deployment, and perhaps lost economic 
development opportunities. FERC Chairman Rosner 	
cautioned that the difference of a few percentage points 
in electricity forecasts “can impact billions of dollars in 
investments and customer bills. Put simply, we cannot 
efficiently plan the electric generation and transmission 
needed to serve new customers if we don’t forecast how 
much energy they will need as accurately as possible” 
(FERC, 2025a).

Large loads may not lead to higher bills for other customers. 
A recent study of factors influencing recent trends in U.S. 

retail electricity prices found that states with the highest 
load growth saw average prices decline in inflation-	
adjusted terms, while states with load reduction or 	
contraction often saw prices increase (Wiser et al., 2025). 
The nature of grid investments as well as the rates and 
contract terms for large load customers will determine 
whether other customers see higher or lower costs.

Utilities face a delicate balance between their obligation 
to serve and the risk of stranded assets. Some large load 
customers are willing to accept reduced service levels in 
exchange for faster interconnection, while others want full 
service on rapid timelines. The way that utilities manage 
these trade-offs depends on the legal and regulatory 
frameworks governing each utility, as well as the utility’s 
experience, judgment, and risk appetite. 

Identifying Key Challenges and 		
Developing Improved Practices
To address these challenges, ESIG convened a cross-	
sectoral project team within the Large Loads Task Force 
to focus on large load forecast practices. Participants 	
included experienced forecasting professionals from 	
utilities, ISOs, and RTOs; regulators; developers; consul-
tants; and research organizations. The team explored 	
existing electricity demand forecasting practices for 	
large loads, identified key challenges in this space, and 
made recommendations to support improved practices. 

The project team hosted a series of “Existing Practice 
Presentations” where 17 forecasting entities shared 	
their modeling methodologies and lessons learned, 	
explaining how their approaches have evolved over time 
with changing stakeholder needs and data availability. 
These presentations and practices, summarized in  
the section “Large Load Forecasting Practices Today,” 	
inform this report’s findings and recommendations. 

To provide readers with context for the size of large 		
load growth, the section “2025 National Load Forecast” 
reviews recent studies of national and regional large 	
load forecasts. In the sections “Using Available Data 	
to Improve Forecast Accuracy” and “Developing New 	
Information Resources and Forecasting Practices,” the 
project team reviews potential improvements to large 	
load forecasting practices.
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Large Load Forecasting  
Practices Today

B OX  2
Entities That Shared Their Existing  
Large Load Forecasting Practices 

•	 Arizona Public Service

•	 Bonneville Power Authority

•	 California Independent System Operator

•	 California Energy Commission

•	 Dominion Energy Virginia

•	 Duke Energy (North and South Carolina)

•	 Electric Reliability Council of Texas

•	 Grant County Public Utility District

•	 Midcontinent Independent System Operator

•	 National Grid

•	 Northern Virginia Electric Cooperative

•	 Ontario Independent Electricity System Operator

•	 Pacific Gas & Electric

•	 PJM

•	 Salt River Project

•	 Santee Cooper

•	 Southwest Power Pool

2	 This report focuses on U.S. load forecasting practices, with some input from Canadian entities. General assertions in this section should be 	
understood as the project team’s views after considering evidence in the existing practices presentations and a substantial database of documents 
from over three dozen utilities and other entities that perform load forecasts. The database was shared with all project team members.

3	 As discussed in the section “2025 National Load Forecast,” load growth in the transportation and buildings sectors is also expected, particularly 		
in some regions in the 2030s. Adjustments to account for these sources of growth are discussed in the ESIG report Long-Term Load and DER 	
Forecasting (ESIG, 2025). 

Large load forecasting practices vary widely across 
utilities and regions in North America.2 Much of the 
attention to demand growth has rightfully been given 

to data centers, but in some locations just as much (if not 
more) near-term large load growth is forecast for manu-
facturing facilities, the oil and gas industry, and hydrogen 
production.3 As a first step in this report, the project 	
team met with 17 utility and regional load forecasting 	
organizations to understand their load forecasts, the 
practices used to develop those forecasts, emerging 
challenges, and ideas for improvement. This section syn-
thesizes the understandings from these conversations, 
attributing specific information only with permission.

It is timely that FERC Chairman Rosner has asked four 
questions about existing large load forecasting practices 
in the power industry (see Box 1, p. 2). These same ques-
tions are being asked throughout the power industry, and 
load forecasting practitioners seek to understand how 
other practitioners are responding to these challenges. 
This review gives particular attention to how utilities and 	
regional entities incorporate project maturity, adjust 	
customer-supplied data, and account for uncertainty.

Challenges to Large Load  
Forecast Quality
Project Data Sources

Utilities’ first source of data is direct engagement with 
large load customers, but the quality and specificity 	
of submitted data varies. Many, if not most, large load 

forecasts begin with data submitted in new customer 	
interconnection requests. (This topic is covered in the 
ESIG Large Loads Task Force report Interconnection 	
Processes for Large Loads.) Interconnection requests 	
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establish a “pipeline” of projects that have met a minimal 
standard. While utilities track projects in the pipeline for 
workload and contextual purposes,4 they typically begin 
to make financial commitments such as engineering work, 
equipment procurements, and construction scheduling 
only after the customers’ projects reach a more 		
advanced stage.

Most often, the long-term large load forecast is drawn 
from the interconnection request pipeline, reflecting the 
utility’s view regarding realistic expectations of project 
development and operation. (Some utilities also extend 
the large load forecast to include load that is not attributed 
to specific projects.) Load forecast professionals 		
explained that privacy protocols may limit the sharing 	
and use of some customer-specific data included in 	
those requests by the load forecasting team. Large load 
forecasts must often contend with customer intercon-
nection schedule requests that are faster than usual 	
utility timelines for generation and transmission planning. 
As a result of this timing mismatch, load forecasts may 
include adjustments to customers’ schedule requests.

Utilities gather customer-supplied data from intercon-
nection applications, letters of authorization, and electric 
service agreements (ESAs), and sometimes informal 	
communications between utility account managers and 
large load developers. Some load forecast staff discussed 
challenges with the quality, format, and completeness of 
these submissions, which can be addressed using inter-
nal information, interpretation, or professional judgment.

In addition to customer-supplied data, some utilities 	
incorporate external information sources such as public 
announcements, press coverage, or industry-specific 
tracking. For example, the Midcontinent Independent 	
System Operator (MISO) has developed internal proce-
dures to monitor media sources and financial filings 	
that indicate future large load activity (MISO, 2024). 

As will be discussed below, load forecasts often include 
adjustments to or replacements for customer-supplied 
data, including historical data with assumptions using 	
internal professional judgment or historical evidence 
about similar loads. Professional judgment comes from:

4	 Information about projects in the pipeline provide an indication of future engineering, procurement, and construction workload that is useful for 	
business planning purposes. The total load requested for projects in the pipeline also provides context for the ultimate load forecast, so that the 
effects of forecast adjustments are understood.

•	 Subject-matter experts, whose input may be informal, 
ad hoc input or based on formal utility practice

•	 Formal, cross-departmental large load project review 
committees

•	 Structured scoring frameworks, using some combina-
tion of experts and committees

Arizona Public Service uses a mix of customer-supplied 
and utility-determined variables to inform its load 	
forecast model, as shown in Figure 3 (p. 8).

Santee Cooper assigns points to multiple project 	criteria 
—including site control, transmission readiness, permitting 
and other constraints, and project capitalization—and 
weighs them to evaluate each potential customer. Scoring 
is based on customer-supplied information, historical 
data from the utility’s existing customers, and other 
sources, as shown in Table 1 (p. 9).
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Arizona Public Service (APS) integrates customer-supplied and 
utility-determined variables to develop its large load forecast. 
Inputs from customer and project updates are integrated on 	
a monthly basis and, once combined with internal data and 	
professional judgment, used to assess expected demand 	
over time.

Source: Arizona Public Service, presentation to ESIG Large Loads Task	
Force Forecasting Team (June 2025).

F I G U R E  3
Arizona Public Service Forecasting Process  

Grounding assumptions for the load factor, ramp rate, 	
and hourly shape in real-world operating behavior may 
seem like an obvious practice, but obtaining relevant 	
data can be challenging. First, the utility must be able 	
to identify comparable customers in terms of business 
type and operational goals, size, and desired speed to 	

energization. Many utilities do not systematically collect 
or track customer business classifications, and smaller 
data centers can be difficult to distinguish from other 
commercial loads. 

Second, there must be sufficient historical data—both 	
in terms of years and number of customers—to support a 
meaningful baseline. Load forecasts in Northern Virginia, 
Silicon Valley, and Texas leverage over a decade of his-	
torical information on data centers (albeit smaller than 
many proposed data centers) and detailed customer 	
data collection practices to develop large load forecasts.

For example, Dominion Energy Virginia has extensive 	
historical data on data centers. Dominion develops an 	
extended large load forecast based on more than 11 years 
of data center customer information. It creates customer- 
specific statistical models for its seven largest customers, 
some having more than one data center on its system, 
and an eighth model for all of its other data center 	
customers. Dominion uses these models to create 	
high, official, and low forecast scenarios (Dominion 	
Energy, 2025a).

In contrast, many other utilities do not have significant 
data from their own territories. These utilities generally 
cannot access peer utility experience, because this 	
information is not shared through public filings or industry 
channels due to customer confidentiality concerns. 	
Furthermore, emerging technologies like artificial intelli-
gence (AI) data centers differ significantly from other 
large customers in load profile and ramp dynamics 	
(Shehabi et al., 2024). As a result, most utilities do not 
have a sufficient historical basis to develop standard 	
large load forecast metrics.

Load Differentiation

Load forecasts usually include some differentiation 	
of load types, such as manufacturing, data centers, and 
hydrogen production, but load type definitions are not 
consistent across load forecasts. Most utilities do not 	
differentiate between large load types until they receive 
applications for grid interconnection from multiple types. 
A number of load forecasts do not identify any categori-
zation of large loads, often because they include only 	
one or a few individual large loads. Other forecasts only 
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Santee Cooper relies on an internal team of subject-matter experts from across departments to evaluate prospective large load  
customers. The evaluation form supports a weighted scoring system that assigns points for project readiness indicators such as site 
control, transmission availability, permitting status, capitalization, and other constraints. The resulting composite score informs  
assessed probabilities of project realization, energization delay, and load realization.

Source: Santee Cooper, presentation to ESIG Large Loads Task Force Forecasting Team (May 2025).

TA B L E  1
Santee Cooper: Potential Customer Evaluation Form

Topics
Discussions
Feasibility
Scoping Study
Preliminary Design
Greenfield
Brownfield
Ready to Go
No concerns
Slight Conern
Major Concern

Capitalization Prepared Financing

Phase 1
Phase 2
Phase 3

Beginning stages of negotiations, transmission is years away, land is not cleared
Have had many meetings with potential customers, transmission is working on a plan of action, land is being cleared

Close to an agreement, transmission expected to be ready, land is ready to build

Do they have financing?

Potential Customer Evaluation Form

Transmission Readiness

Location/Land

Historical Customer Most Similar 
(Optional)

Other Contraints
Is permitting going to be an issue? Is getting water going to be an issue? Are they in 
talks with multiple utilities? Anything else that might cause issues for the potential 

customer?

Checklist Additional NotesQuestions

Is there a customer (currently on the system or previously on the system) that this 
potential customer reminds you of? Did they come on the system at the load they 

said they would? How long did they take to come on? 

Historical Customer

Has the land been purchased? Is the land ready to build on now or does it need to 
be cleared? How long will it take for the customer to become ready to connect?

Is the transmission system ready for the customer currently? How long will it take 
to get the transmission system ready for the customer?

TABLE 1
Santee Cooper: Potential Customer 
Evaluation Form

[Caption] Santee Cooper relies on an 
internal team of subject
from across departments to evaluate 
prospective large load customers. The 
evaluation form supports a weighted 
scoring system that assigns points for 
project readiness indicators such as site 
control, transmission availability, 
permitting status, capitalization, and other 
constraints. The resulting composite score 
informs assessed probabilities of project 
realization, energization delay, and load 
realization.
Source: Santee Cooper, presentation to 
ESIG Large Load Task Force Forecasting 
Team (May 2025).

David, the authors don’t 
want this redesigned. 
They want it authentic.

differentiate between generic data center and industrial 
and manufacturing projects, as shown in Table 2 (p. 10).5

The assumptions or practices for metrics used in a load 
forecast (ideally, the five metrics recommended in this 
report (see Figure 1, p. 3)) often vary depending on the 
type of load. But in many cases, utilities and regions do 
not use very many types of load in their forecasts. For 	
example, few load forecasts appear to make meaningful 
distinctions among sizes and types of data centers (e.g., 
multi-tenant, crypto, AI, enterprise). The project team 	
did not see any load forecasts that clearly identified the 
role of on-site generation in large load demand or energy 
metrics.

Methods for calculating load forecast metrics for large 
load projects often vary based on load differentiation. 
Some of the presentations on existing practices indicated 
a relatively high degree of confidence in customer data 
supplied for most industrial and mining (including oil and 
gas) large loads.6 Among the reasons for that confidence 
is the long lead time in investment for these facilities, 
which gives the utility more time to understand the 	

5	 In some cases, a given load forecast uses load differentiation, but the categories are not disclosed and thus are not shown.

6	 However, load forecast practices suggest lower confidence in the hydrogen production industry because it is subject to both rapid technological 
development and financial risks due to recent policy changes.

customer’s request before moving the data into its 	
load forecast. For many such projects, utility staff already 
have familiarity with the nature of the load or can obtain 
information about a similar facility that has an operational 
track record. This is reflected in the variation among 	
specific types of industrial and manufacturing loads 	
identified by utilities in Table 2: individual utilities find 	
value in differentiating among types of customers 	
that are important in their region.

Load forecasts usually include some 	
differentiation of load types, such 		
as manufacturing, data centers, and 	
hydrogen production, but load type 		
definitions are not consistent across 	
load forecasts. Most utilities do not 		
differentiate between large load types 	
until they receive 	applications for grid 	
interconnection from multiple types.
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Note: Load forecasts without load differentiation were excluded from this table.   

Source: Project team review of numerous public documents and information shared in presentations to the project team.

TA B L E  2
Load Differentiation in Surveyed Load Forecasting Reports
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Data Center Load Forecast Uncertainty

There are several reasons why data center service 	
requests may contain less certain or less detailed 	
information than other types of large load customers:

•	 Many of the largest firms, such as Meta, Google, 	
Microsoft, and Oracle are developing data centers at 
multiple sites across the country, with many gigawatts 
of growth forecast over the next five years (Kou, 2025). 
Some of their business models cast a wide, early net 
for potential projects and will cancel unneeded sites 
and applications later.  This creates an uncertainty 	
not typical for other types of large loads. 

•	 Applications for data center interconnection are likely 
to be submitted before the facility’s computing and 	
engineering plans are fully developed and include 
schedules for rapid project completion. Multi-tenant 
data centers7 may not be able to anticipate their 	
tenants’ exact computing and engineering plans, and 
therefore request maximum potential demand service 
capability to ensure that each tenant’s requirements 
can be met in later build-out, sometimes years after 
the data center is placed in service with the utility. 	
Potential tenants may be waiting for energy pricing 	
and terms before signing a contract with the data 	
center operator. As a result, even once the data center 
is energized, its energy use is difficult to predict.

•	 Data center development depends on the availability 	
of a spectrum of engineering design, supply chains, 
and specialized contractors, many experiencing dis-
tinct growth challenges. The timing of these activities 
will affect a data center’s initial energization date and 
the load ramp schedule. Since the supply chain for data 
center computing chips and other critical components 
is limited, market analysts suggest that growth of data 
centers will be constrained, affecting energization 	
date and load ramping metrics (Elias et al., 2024).

•	 Many data center operators are applying novel tech-
nologies and business practices that will yield different 
load shapes than anticipated by the facility owner, even 
after full computing and engineering plans are developed. 
A few utilities have historical data for similar facilities 
that can be reasonably applied to new load requests, 
or may be able to obtain historical data from the 	

customer from facilities in other utility service 		
territories. But utilities lack historical data relevant 	
to gigawatt-scale AI project interconnection requests.

For these reasons, participants in the existing practices 
presentations stated that, even with a signed contract, 
they have low confidence in the accuracy of customer- 
supplied load forecast metrics for data centers.

The confidence of interested parties in forecasts of data 
centers needs also to be considered when developing and 
explaining load forecast practices. For example, in a review 
of an integrated resource plan, one submission states:

Putting a highly uncertain doubling of existing peak 
load into the Reference Case load forecast without 	
being able to articulate the exact methodology used 	
to determine this amount and its timing and without 	
a single signed contract with a data center . . . is not 	
a reasonable input for an [integrated resource plan] 
(Hotaling et al., 2025).

Limited confidence in large load customer data—both by 
utilities in their review of those data as well as parties to 
planning and other regulatory proceedings—is an ongoing 
challenge to effective load forecast practices.

Application of Weighting Factors Using 
Load Interconnection Milestones
Often, utilities apply weighting factors in developing load 
forecasts from customer-supplied data. Charles River 	
Associates describes this practice:

[Some] utilities—particularly those in regions where 
data center development is still nascent—rely on 	
bespoke deterministic methods, often applying 	
arbitrary derating factors or “haircuts” to data center 
projects in the pipeline. While this approach attempts 
to account for uncertainty, it lacks transparency and 
consistency, making it difficult to benchmark across 
jurisdictions. This methodological fragmentation 	
reflects the broader challenge: the absence of a 		
standardized framework for modeling high-density, 
high-variability loads, which complicates long-term 	
resource planning (CRA, 2025).

7	 Multi-tenant data centers are also referred to as co-located facilities. Since this can be confused with co-located generation, we use the term  
multi-tenant.
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B OX  3
Interconnection Milestones 

Utilities track a series of milestones that mark a project’s progression from early inquiry to full service. Each step—from 	
preliminary customer information through interconnection requests, letters of authorization, and electric service agreements— 
provides increasing certainty about a project’s scale and timing. The final steps, energization and monitoring, enable utilities 
to compare actual and forecasted demand, updating large load forecasts as real-world data become available.

Source: Energy Systems Integration Group.

F I G U R E  4
Large Load Interconnection Milestones
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•	 Interconnection request: This is the formal 		
request from the customer to begin the study 		
process for interconnecting a load to a host utility, 
on either its transmission or distribution system. 
This usually leads to a facility study. Depending 	
on the facility study results, there may also be an 
interconnection study, with the customer respon- 
sible for some or all of the identified costs, and 	
then to an interconnection agreement.*

•	 Letter of authorization (LOA): This contract 		
between the utility and its customer initiates 		
the design, engineering, and construction of 		

Terminology for utility process milestones that are 
typically important to large load forecasts are given 	
in Figure 4 and summarized here.

•	 Customer information: Prior to the interconnection 
request, the customer almost always provides pre-
liminary information to the utility. Regional power 
sector organizations may also collect preliminary 
information from a variety of public or informal 
channels. Utilities may track and aggregate 	
preliminary information to understand emerging 
trends but do not rely upon such early-stage 	
information for official load forecasts.

*	 The details of these practices vary significantly across utilities and regional transmission organizations, and there may be multiple 	
study processes available to customers of a single system. This topic is covered by the Large Loads Task Force report Interconnection 
Processes for Large Loads (https://www.esig.energy/large-loads-task-force/interconnection-process).

Utilities use load interconnection milestones to inform 
their forecast weighting practices and apply higher 
weighting factors as large load applicants progress 
through the milestones. These utility process milestones 
are established outside of the load forecasting process, 
reflecting varying terminology depending on the business 
practices of the utility or other load forecasting authority. 

For purposes of this report, terminology for milestones 
that are typically important to large load forecasts is  
described in Box 3.

All utilities interviewed by the project team include the 
load from contracted projects in their forecasts at a high 
degree of likelihood. However, practices vary as to what 

https://www.esig.energy/large-loads-task-force/interconnection-process
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B OX  3  ( C O N T I N U E D )
Interconnection Milestones 

transmission and distribution facilities identified 	
in the facility study, and it almost always would 	
involve a financial commitment from the customer. 
Sometimes the financial commitment may come 	
in the form of a non-refundable deposit or a 	
refundable advance to cover later new facilities 
charges. The LOA may be concurrent with the 	
interconnection agreement or may be signed 
somewhat later.

•	 Electric service agreement (ESA): The ESA is 		
the final contract with the customer, establishing 
the expected level of service and details such as 
the contract term, ramp rate, minimum billing, and 
financial security requirements.** Some utilities 
prefer to sign an ESA within the final year before 
energization to most accurately reflect actual 	

** 	 A full explanation of ESA terms is beyond the scope of this report and is expected to be explored in a forthcoming report by the Lawrence 
Berkeley National Laboratory.

service requirements, while others prefer to 		
execute the ESA several years in advance to mitigate 
the risk that customers will be responsible for 		
so-called “stranded costs.”

•	 Energization: The energization (or commercial 
service) date initiates billing under the ESA. There 
may be electricity service during construction, 	
but that would be provided under a different 	  
rate schedule.

•	 Monitoring: As the customer’s demand ramps up, 
the utility or other planning authority may compare 
actual demand to customer-projected demand. 	
It may be necessary to make adjustments to the 
load forecast and, consequently, transmission 		
or generation resource plans.

exact milestone meets the definition of “contracted.” 		
Using the interconnection request milestone provides 	
the utility with the most advanced planning but also the 
highest risk that the project may be revised or cancelled. 
At the other extreme, generation and transmission plans 
that lack information about projects prior to the ESA 
would likely result in a failure to build those resources 	
to the necessary level of service, particularly for large 
loads on the scale of hundreds of megawatts.

Similarly, utilities vary in the level of financial commitment 
required from a large load customer at each milestone. As 
discussed in the section “Using Available Data to Improve 
Forecast Accuracy,” these practices and policies are 	
rapidly evolving.

Key Elements of Large Load Forecasts
Definition of Large Load

Many long-term forecasts do not include an explicit 	
definition of large loads. Until recently, because there 
were few large load interconnection requests, the 	

definition and handling of large loads was left to the 	
discretion of load forecasting teams. 

Historically, large load definitions have usually come 	
from either planning categories or rate schedules. But 	
as utilities receive interconnection requests for new 	
gigawatt-scale loads, large load definitions and size 
thresholds are being reconsidered, and some utilities 	
are establishing new large load customer classes. One 
report indicates that utilities are defining large loads in 
rate schedules as falling in the 25 MW to 100 MW range, 
with some also requiring load factors of at least 75% 
(Wood Mackenzie, 2025). Some examples of definitions 	
of large loads, proposed or adopted for load forecast 	
or planning purposes, include the following:

•	 Arizona Public Service defines extra-high-load-factor 
customers as having at least 5 MW demand and a load 
factor of at least 92%. This definition is used in both 
planning and rates (APS, 2024; APS, 2023).

•	 Dominion Energy Virginia has proposed a new high- 	
load customer class (rate schedule GS-5) including  
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all customers with more than 25 MW contract demand 	
and a 75% load factor (Dominion Energy, 2025b).

•	 NOVEC considers every data center as a large load.

•	 Ontario IESO defines large step loads as commercial 
and industrial projects (typically over 20 MW) that 	
connect to the grid in large blocks (as opposed to 
slowly ramping up their growth over time) (IESO, 2025).

•	 Salt River Project considers a customer requiring a 
dedicated substation interconnection, typically 20 MW 
or greater, as a large load.

•	 The Southwest Power Poll (SPP) proposes to define 
high-impact large loads as projects with peak demand 
greater than 50 MW (SPP, 2025b; SPP, 2025c).

Where no “bright line” definition exists, the load fore- 
casting practice can be somewhat informal. In reviewing 
whether to treat a project’s capacity as part of a large 
load adjustment, the forecast may weigh the magnitude 
or the percentage of a zone’s load. 

The large load definition may be designed to avoid 	
double-counting of large loads as both an “adjustment 	
to” or within the traditional forecast (as discussed in 	
the introduction). PacifiCorp defines a large load as 	
an individual customer project over 50 MW. PacifiCorp 	

excludes new large loads from the load forecast used 	
for its integrated resource plan and plans for those 	
loads outside that process. PacifiCorp explains that its 
proposed cost-allocation method requires that existing 
retail customers not bear the costs associated with 	
serving new large load customers, whose needs are 	
“met with incremental resources procured in accordance 
with the terms of special contracts or new tariffs” 	
(PacifiCorp, 2025).

Project Realization

Project realization is the rate at which projects included in 
the load forecast are placed in service. Project realization 
is a relatively new metric for load forecasting because 	
historically there were few large load customers and 	
most matured into completed, energized projects. Today, 
because many types of large load projects are forecast 	
to have a project realization rate of less than 100%, the 
load forecast may consider other forecast metrics on 	
a collective basis rather than on a project-by-project 	
basis. The project realization metric can be thought of 	
as the percentage likelihood that an individual project 	
will move from proposal to completion and operation 	
and, more broadly, as the percentage of proposed 	
large load interconnections that will mature to full 	
operation.
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Santee Cooper, for instance, uses a points-based process 
to assign separate probabilities to project realization and 
load realization. However, some load forecasts do not 	
currently distinguish between project realization and 	
load realization. Rather, they aggregate prospective loads 
by year and apply a single weighting factor to reduce 	
annual loads into the future, without disaggregating the 
separate effects of project cancellation, reduction of 	
load requirements, and potentially also delay in service 
(energization date).

Energization Date

The energization date is the schedule for when a load 	
will be placed into commercial operation, including anti- 
cipated delays. The energization date metric is often 	
presented as months of delay for each project that is 	
then applied to the baseline load forecast, which could 	
be the initial customer request or some later schedule 
provided by the customer.

Utilities typically draw initial energization date estimates 
from customers, particularly in interconnection applica-
tions and contracts. Most load forecasts appear to use a 
later start date than the date requested by the customer. 
Some utilities apply adjustments on a project-by-project 
basis, based on staff judgment or historical experience. 
For example, ERCOT recently considered applying a 180-
day delay based on a historical experience of 218-day 	
average delays (ERCOT, 2025a). Others, such as Georgia 
Power, apply an expected delay range, reflecting observed 
schedule slippage patterns across its service territory 
(Georgia Power, 2025). Publicly available information 	
(e.g., supply chain constraints) is another consideration 
in setting the energization schedule. In general, load 	
forecast practitioners express low confidence in dates 
supplied in the interconnection application, and higher, 
but not absolute, confidence for dates supplied in an ESA.

A key factor in forecasting a project-specific energization 
date is whether and when major transmission system 	
upgrades will be completed to serve the project (Gramlich 
et al., 2024).8 For example, Grant County Public Utility 	
District has several hundred megawatts of new large load 
requests whose operation may be delayed from operation 
by up to seven years, due in part to the challenges of 	

permitting and developing transmission facilities in an 
area with a high percentage of federal lands.

Load Realization

Load realization is the forecast peak load once new 	
load projects fully ramp from energization to maximum 
operation and may be expressed as a percentage of 	
requested or contract peak load. When calculated on 	
a project-specific basis, forecast load realization may 	
increase as a project progresses from interconnection 
request to full electricity service. Load realization may 
also be calculated on a historical basis for application  
as a weighting factor in load forecasts. For example,  
the California Energy Commission uses a load realization 	
rate of 67% of the capacity requested for interconnection 
based on historical data from one utility (CEC, 2024).

Load realization weighting factors may be developed 
based on professional judgment or historical experience. 
For instance, Bonneville Power Authority and Arizona 	
Public Service rely on staff expertise to adjust peak load 
assumptions. ERCOT, Dominion Energy, and NOVEC all 	
report using experience from prior projects to inform 	
expectations about peak demand. The load realization 
metric thus represents the cumulative application of 	
forecast-specific definitions, practices, customer data, 
and internal information. Load-weighting practices and 
adjustments are explicitly described in a transparent 	
load forecast.

The varying terms used to describe the total electrical 
demand of large loads can create confusion. This confu-
sion can extend to internal metrics, particularly at data 
centers, as discussed in Box 4 (p. 16). In tariffs, the peak 
demand is often referred to as contract demand, as 	

The load realization metric represents 	
the cumulative application of forecast- 
specific definitions, practices, customer 
data, and internal information. Load- 
weighting practices and adjustments 	
are explicitly described in a transparent 
load forecast.

8	 Generation interconnection queue backlogs and long lead times for delivery of high-voltage transformers and other critical equipment contribute 		
to delays. 



FORECASTING FOR LARGE LOADS: CURRENT PRACTICES AND RECOMMENDATIONS                        ENERGY SYSTEMS INTEGRATION GROUP  16    

defined in an ESA. Even this may be imprecise, as some 
ESAs allow the customer’s demand to exceed the contract 
demand based on either a defined margin or available 	
interconnection capacity. This means that a customer’s 
actual peak demand or billing demand could be more 		
than or less than the contract demand, depending on ESA 
terms. But in large load forecasts, the peak demand does 
not always refer to contract demand. For example, some 
forecasts use the peak load provided in the inter- 
connection application as a starting point.

9	 If the on-site generation is metered separately from the customer’s load, a standby generation tariff is not applicable, and the generator would  
probably not be considered in the load forecast.

Another factor in load realization can be the use of 	
behind-the-meter generation. Many utilities have standby 
generation tariffs, which include charges for customers 
with on-site power generation that rely on the utility 	
system for power when the on-site generation is in 	
maintenance or otherwise insufficient for customer 	
requirements.9 Total potential customer demand during 
periods when it relies on the grid would need to be 	
considered in the load realization metric.

B OX  4
Data Center Utilization

For data centers in particular, project load realization 
may be confused with server operational time or 	
other metrics that are internal to the facility. Data 
centers do not run all the time, and, as shown in 	
Figure 5, a server’s operational time can vary widely 
depending on the type of data center.

Because data centers do not run all the time, even 
the peak power demand will fall below the rated or 
maximum (nameplate) power demand of servers and 
other equipment within the data center. The rated 	
or maximum demand for internal equipment is only 
one input into the data center’s electricity demand 
forecast; the project’s energy and peak forecasts 
must also consider the planned workload and the 
server’s operational time.

For example, a 25% server operational time is not 		
in any way the same as a 25% load realization rate. 	
If the customer correctly projects power use, then 
load realization should be close to 100% of forecast 
peak demand, even if server operational time is much 	
lower. A good load forecast by the customer will 	
incorporate the computing business model as well 	
as the data center’s electrical equipment load 	
characteristics.

F I G U R E  5
Data Center Server Operational Time  
by Type of Data Center

Server utilization within data centers varies widely by 		
facility type and operational purpose. Because computing 
equipment rarely operates at full capacity, actual server run 
time represents only one input into a data center’s forecast 
demand. In order to provide an accurate load forecast, the 
customer must consider both the computing business 		
model and the data center’s electrical equipment load 	  
characteristics.
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Given that a large load customer 		
can use as much electricity as a city, 	
that customer’s hour-to-hour changes 	
in demand will be significant at a system 		
level. Thus, planners need a reasonably 	
accurate load shape representation 	
to ensure adequate resources and 		
effective grid operation.

10	 This is as distinguished from electricity system load ramp rate, which refers to the overall system ramp rate on a sub-hourly basis. The system load 
ramp rate is not a focus of this report.

Load Ramping

Load ramping refers to the monthly or annual forecast 	
of demand during the period between initial project 	
energization and reaching full forecast peak load.10  
Load ramping is typically expressed as a year-over-year 	
(or sometimes month-over-month) increase in demand, 
reflecting how quickly a facility moves from initial load 	
to its expected peak usage. For large facilities such as 
data centers or manufacturing plants, the load ramping 
period can vary widely depending on construction phases, 
equipment deployment, and business timelines. For 	
example, Dominion Energy has found that load ramping 
varies by data center type, with crypto mining projects 
ramping very fast, cloud providers ramping in three to 	
five years, and multi-tenant facilities ramping in five 	
to seven years.

Most project load forecasts begin with load ramping 
schedules submitted in the interconnection application 
or ESA, which may be adjusted based on staff judgment 	
or a formula based on historical experience. For example, 
Dominion Virginia relies on customer-provided information 
in a load letter at the outset of the project for the load 
ramping schedule (Dominion Energy, 2025c). 

Some of the presentations to the project team on existing 
practices expressed low confidence in load ramping 	
information supplied by customers. Load forecasts may 
include substantial modifications to customer submis-
sions or even use standard load ramping metrics. Per the 
existing practices presentations, Arizona Public Service 
relies on staff judgment to adjust expected load ramping, 
Salt River Project relies on data center buildout experience, 
and MISO assumes a default load ramping schedule of 
20% of peak load per year for data centers, continuing 
until the facility reaches its full projected demand. 

Load Factor and Load Shape

The load factor and load shape for new large loads 	
are particularly important for generation planning and 	
resource adequacy assessments, for both reliability and 
economic reasons. Load factor is the actual energy use as 
a proportion of peak demand, and the load shape supplies 
more detailed energy use information such as an hourly 

schedule. For customers using on-site, behind-the-meter 
generation as their primary electricity source, any supple-
mental energy forecast of energy delivered from the grid 
to the large load customer would be considered as part 	
of the facility’s load factor and load shape. While a large 
load customer’s peak demand is an essential input into 
load interconnection studies since it affects transmission 
buildout needs, the customer’s impact on system demand 
across many hours is considered in a resource adequacy 
study. From a reliability perspective, grid stress may occur 
under various system conditions (e.g., not just the peak 
load hour). 

Load shapes affect electricity supply issues because 	
the most economic supply resource selection depends 	
on patterns of energy usage. A flat, high-capacity load 
requires a different resource mix than a weather-sensitive 
load. Given that a large load customer can use as much 
electricity as a city, that customer’s hour-to-hour changes 
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11	  Typically this would be a “12x2x24” load shape, with 12 months, 2 days (weekday and weekend/holiday) per month, and 24 hours per day.

in demand will be significant at a system level. Thus, 	
planners need a reasonably accurate load shape 		
representation to ensure adequate resources and	
effective grid operation. 

Currently, many large load forecasts are based on project 
load factors from interconnection applications or con-
tracts. But the load factor and load shape used in many 
large load forecasts often reflect adjustments based on 
staff judgment or historical experience. Load forecast 
practitioners often express low confidence in customer- 
provided load factor and load shape information, even 
when that information was provided in an ESA. Forecasters 
often modify data center load factor estimates with 
weighting factor adjustments, while accepting industrial 
customers with more established operational profiles 	
and load shapes with fewer significant changes. 

Some load forecasts, including those from the California 
Independent System Operator (CAISO), ERCOT, and PJM, 
leverage historical load shapes.11 ERCOT has observed 	
significant variation in load shapes for small data centers 
and crypto miners. Crypto mining facilities exhibit large 

F I G U R E  6
Typical Load Shapes for Data Center Types in ERCOT

Historical ERCOT data show substantial variation in hourly load patterns among different types of data centers. Crypto mining 	
facilities exhibit steep reductions during periods of high wholesale energy prices, while cloud and enterprise facilities maintain 
steadier, higher load factors. These differences illustrate why using uniform load shape assumptions can misstate system 	
impacts of large load additions.

Source: S. Morris, “Data Center Inside ERCOT Observations and Patterns,” August 14, 2025, presentation to ERCOT Large Load Working Group, p. 3,  
https://www.ercot.com/files/docs/2025/08/11/LLWG_DataCenterObs.pptx.

load reductions during peak wholesale energy price 
hours, as illustrated in Figure 6. These data center load 
shapes are unlikely to apply to newer gigawatt-scale data 
centers, whose operational patterns will result in different 
load shapes.

Other load forecasts do not rely on customer data and 
assume a uniform load factor for all types of large loads. 
For example, MISO has used a 75% load factor for all large 
loads in its forecast. SPP states that it will use a utility’s 
“hourly load shapes by [i]ndustry” if available, otherwise it 
will “apply a generic load shape for the specified industry” 
(SPP, 2025b). Other load forecasts, such as Pacific Gas 
and Electric’s, use modeled load shapes (Riu et al., 2024).

Today, large load forecasts rarely consider load flexibility 
(as discussed in the section “Developing New Information 
Resources and Forecasting Practices”). While some 
emerging large loads may be capable of shifting demand 
or responding to price signals, utilities generally assume 
that most large loads have inflexible, non-dispatchable 
profiles. As noted in the New York Independent System 
Operator’s (NYISO’s) 2025 Power Trends report, this lack 

https://www.ercot.com/files/docs/2025/08/11/LLWG_DataCenterObs.pptx
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F I G U R E  7
Four Load Forecasting Practice Archetypes

Utilities use a variety of methods to create mid- and long-range forecasts for large loads. To understand the trade-offs in complexity 
and accuracy across different methods, this project identified four archetypes of large load forecasting practices. These are not (yet) 
“methods,” as a load forecast method may include elements of different archetypes.

Source: Energy Systems Integration Group.
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of flexibility consideration may limit forecasting accuracy 
as grid-interactive load technologies become more wide-
spread (NYISO, 2025). When more loads—particularly 
large loads—can shift their loads to accommodate 	
transmission availability and grid reliability needs, the 	
surrounding utilities may not need to build as much new 
transmission and supply infrastructure to serve those 
loads.

Large Load Forecasting Methods
Large Load Forecasting Practice Archetypes

Utilities use a variety of methods to create mid- and 	
long-range forecasts for large loads. To understand the 
trade-offs in complexity and accuracy across different 
methods, the project team identified four archetypes 	
of large load forecasting practices.

The four archetypes shown in Figure 7 are not (yet) fore-
casting “methods,” as a load forecast method may include 
elements of different archetypes. For example, American 
Electric Power uses a contract-only approach in the near 

term and includes some pre-contract projects in later 
years. NOVEC uses deterministic practices for certain 
steps in its load forecast while also conducting a 		
stochastic analysis of other elements. Other load 	
forecasts use one set of practices for certain types of 
load while using another set of practices for others.

Contract Only—Deterministic: Projects 		
Enter the Forecast Based on Progress Through 	
a Contracting or Tariff Process

Contract-only deterministic practices limit the large 	
load forecast to only projects that have achieved specific 
contracting or financial milestones. Common milestones 
include signed ESAs, executed interconnection agree-
ments, or evidence of substantial financial commitment 
(e.g., payment for engineering studies or construction 
costs). Typically, these forecasts include contracted 	
projects with a high likelihood of completion. 

Practices for including contracted load in forecasts vary. 
For example, Exelon’s 2025 large load forecast includes 	
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F I G U R E  8
Northern Virginia Electric Cooperative Project 
Screening Categories

NOVEC screens potential large load projects using tiered 	
categories to assess likelihood of realization. Screening para- 
meters include assessments of site control, firmness of site plan, 
viability of path to electricity service, and viability of path to 	
zoning approval. The categorization allows NOVEC to consider 
more factors than contract status alone and informs which projects 
are incorporated into the load forecast and at what weighting.

Source: NOVEC, NOVEC Data Center Forecast, presentation to PJM Load 
Analysis Subcommittee (September 16, 2025), p. 13. https://www.pjm.com/
committees-and-groups/subcommittees/las.

that lack a contract from its load forecast (Exelon, 2025). 
NOVEC also requires a contract to include large load 	
projects in its forecast and applies screening factors, 
shown in Figure 8, to characterize project realization risk.

By focusing on known, committed projects, contract- 
only forecasting practices avoid over-forecasting risk 	
associated with pre-contract projects. The intent is  
to align the forecast with highly certain infrastructure  
investment and procurement needs. However, requiring  
a contract potentially yields a load forecast that under- 
estimates actual demand. This can lead to resource  
adequacy risks and a risk of under-serving customer  
electricity demand by building less infrastructure than 
needed to serve all customers wanting electricity service.

Early-Phase Projects—Deterministic:  
Forecast Includes Both Contracted Projects  
and Those in Earlier Phases of Development

Because of concerns that contract-only forecasting  
criteria may understate long-term growth in fast-moving 
sectors, some load forecasts include pre-contract projects. 
Such customer loads may be weighted by project real- 
ization factors, load realization factors, or uncertainty  
regarding the ramp rate or energization schedule,  
reflecting the utility’s understanding of project maturity. 
For projects assessed as having lower maturity, the  
project realization and load realization factors might  

20 GW of projects with financial and construction 	
commitments but applies an average 70% load realization 
rate to adjust the future load expectation down to 14 GW. 
Exelon’s practices entirely exclude 45 GW of requests 	

https://www.pjm.com/committees-and-groups/subcommittees/las
https://www.pjm.com/committees-and-groups/subcommittees/las
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B OX  5
Oncor High-Confidence Load Criteria* 

Concrete steps that provide confidence an 	
agreement will be executed can include two or 
more of the following: 

•	 Entering into an agreement with Oncor for 	
preparatory activities for regulatory permitting, 
early engineering services, or advanced 	
procurement

•	 Provision by the customer of specific project 	
delivery details

•	 Proof of site control

•	 Completed water, wastewater, gas, or other 
site-related studies

•	 Attestations of non-duplicative load request

•	 Verification of the financial capabilities to 	
proceed with project

•	 Payment of study fees

Oncor further explains that the reason it identifies 
some pre-contract projects as high-confidence 
loads is that:

	 Historically, Oncor has not entered into formal 
agreements for interconnection unless an 
in-service date could be provided. Substantial 
new transmission infrastructure is required 	
to serve many new Oncor loads. Until these 
transmission projects proceed through the 	
ERCOT and [Public Utility Commission of 	
Texas] processes, clear in-service dates are 	
unavailable (Oncor, 2025).

* 	 Summarized or quoted from Oncor (2025), and edited for  
brevity, emphasis, and formatting.

The use of weighting factors for pre-contract projects 
can also be combined with criteria for including those 
projects. For example, Oncor does not require a contract 
for a large load to be included in its forecast, but it does 
require two “concrete steps” to be completed, as shown 	
in Box 5. Other forecasters include load realization below 
a certain threshold (e.g., 50%).

Utilities that include some level of pre-contract load 	
in their large load forecasts do so because they are 	
concerned about the long lead time to build and connect 
new generation resources or because they may fail to 	
anticipate high-growth clusters of large loads. For 	
example, the California Energy Commission’s forecast 	
of data center load uses data from interconnection 	
applications collected from California utilities, as adjusted 
by project realization, load realization, and load ramping/
energization date adjustments, as shown in Table 3 	
(p. 22). 

Some load forecasts rely on data from customers that 
have not yet filed an interconnection request (Hotaling 	
et al., 2025). These forecasts may over-forecast if their 
weighting factors are too high. For this reason, deter- 
ministic forecasts that include pre-contract load often 
include scenarios (e.g., high, baseline, and contract-only) 
that reflect alternative weighting practices, as illustrated 
by the California Energy Commission example in Table 3.

Extended Forecast—Deterministic:  
Extends Contract-Based Forecast Based  
on Growth Trends

Most large load forecasts flatten out in the mid-2030s, 
depending on ramp rate assumptions and whether 
pre-contract projects are included.12 One exception is 
Duke Energy (Carolinas). Its 2025 load forecast includes 
2,000 MW of projects through 2040 “reflecting continued 
economic development” in addition to all contracted large 
loads and a discounted portion of large loads with letter 
agreements and late-stage pipeline status (Duke Energy, 
2025a, 2025b).

Another exception is Dominion Virginia, whose load fore-
cast uses a large load customer-based statistical model 
of billing demands to project large load growth. Dominion 

12	 As an indication of this tendency, nationally aggregated forecasts (FERC Form 714) drop from 30 GW of load growth in 2030 to just 12 GW in 2033. 	
(Grid Strategies, analysis performed for ESIG Large Loads Task Force.)

result in, for example, only 20% of project load requests 
being included in the load forecast. And that load might 
also be delayed longer than projects assessed at a higher 
level of maturity. 
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TA B L E  3
California Energy Commission Data Center Forecast Adjustments

Metric

Load  
Realization

Low Project 
Realization

Mid Project 
Realization

High Project 
Realization

Load Ramping/  
Energization DateScenario

Baseline and 
Planning

Local  
Reliability

Group 1: The project has signed 
an agreement for electricity 
service with the local electric 
utility.

67% 50% 70% 100% Linear ramp over  
seven years for projects 

without ramping  
information

Group 2: The project has  
an active application for  
electricity service with the 
local electric utility.

— 33% 50% Same as above,  
plus project schedules  

shifted to 2028+

Group 3: The project has made 
inquiries for electricity service, 
but has not filed an application 
for service with the local  
electric utility.

— — 10%

Source: California Energy Commission, 2025 IEPR: Preliminary Data Center Forecast (November 13, 2025) , CEC Docket No. 25-IEPR-03, https://efiling.
energy.ca.gov/Lists/DocketLog.aspx?docketnumber=25-IEPR-03; CAISO, Response to Chairman Rosner’s Letter Re Large Load Forecasting (October 13, 
2025), https://www.ferc.gov/media/caiso-response-chairman-david-rosners-09192025-letter-re-large-load-forecasting-americas. Note that the CEC 
refers to load realization as “utilization factor” and project realization as “confidence level.” Scenario refers to different applications of the load forecast  
in the CEC and CAISO planning processes.

https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=25-IEPR-03
https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=25-IEPR-03
https://www.ferc.gov/media/caiso-response-chairman-david-rosners-09192025-letter-re-large-load-forecasting-americas
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F I G U R E  9
Dominion Energy Virginia 2025 Large Load Forecast

Dominion’s 2025 Large Load Forecast compares customer-based statistical projections of billing demand with contracted demand 
from Construction Letters of Authorization (LOAs) and Electric Service Agreements (ESAs). While the statistical model anticipates 
large load growth beyond contracted projects, forecast billing demand remains below contracted capacity through the mid-2030s.

Source: Dominion Energy Virginia, 2025 20-Year Data Center Forecast, presentation to PJM Load Analysis Subcommittee (September 16, 2025), p. 10.  
Available at: https://www.pjm.com/committees-and-groups/subcommittees/las.

also maintains a forecast of contracted demand  
(based on both LOAs and ESAs). Dominion shifted to  
a deterministic statistical model after finding that its 
weighted contracted demand forecast (similar to  
Archetype 2) yielded overly conservative results. As 
shown in Figure 9, Dominion’s forecast of large load  
billing demand remains significantly below its forecast  
of demand from LOAs and ESAs through the mid-2030s.

While Dominion is currently the only utility we are aware 
of that uses a customer-based statistical model, other 
utilities may adopt statistical practices when sufficient 
historical data are accumulated. The increased load  
evident in Duke Energy and Dominion’s approach beyond 
the mid-2030s could affect the utilities’ nearer-term  
generation and transmission plans as they prepare to 
serve higher loads later in the planning study period.

Stochastic: Forecast Leverages Probabilities  
or Distributions Representing Key Parameters

Stochastic (or probabilistic) forecasting explicitly  
incorporates uncertainty by assigning probabilities or  
distributions to individual projects and parameters such 
as project realization, energization dates, ramp schedules, 
or load realization. While the inputs are similar to those 
used in deterministic forecasts, stochastic forecasts  
produce probability-weighted forecasts, showing wider 
pathways along which load growth may evolve. This also 
creates an opportunity for more rigorous validation  
procedures than deterministic models. 

The impact on planning outcomes depends on how the 
forecast is used. For example, a generation or transmission 
plan designed for nearly all possible futures in a stochastic 
analysis would likely guarantee service as the customers’ 

https://www.pjm.com/committees-and-groups/subcommittees/las
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F I G U R E  1 0
Santee Cooper 2024 Load Forecast, Stochastic Analysis of Large Load Growth

Santee Cooper’s 2024 Large Load Forecast uses stochastic analysis to model uncertainty in project realization, energization date, 	
and load ramping. The figure shows probability-weighted outcomes for cumulative large load growth, illustrating a range of potential 
trajectories based on simulated variations in project development and timing.

Source: Santee Cooper, presentation to ESIG Large Loads Task Force Forecasting Team (May 2025).

Load Forecast Stochastic Results – Alt View 
(2024 LF)

Potential Load 
(MW)

Year
2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

0 100.00% 81.97% 17.97% 1.87% 0.12% 0.01% 0.00% 0.00% 0.00% 0.00%
0 - 100 0.00% 18.03% 43.11% 8.56% 1.05% 0.12% 0.02% 0.01% 0.00% 0.00%

100 - 200 0.00% 0.00% 31.01% 19.01% 4.24% 0.64% 0.15% 0.06% 0.05% 0.03%
200 - 300 0.00% 0.00% 7.40% 26.26% 10.75% 2.24% 0.45% 0.24% 0.14% 0.11%
300 - 400 0.00% 0.00% 0.52% 21.62% 17.71% 5.82% 1.55% 0.72% 0.46% 0.37%
400 - 500 0.00% 0.00% 0.00% 12.53% 20.45% 10.83% 3.50% 1.95% 1.40% 1.18%
500 - 600 0.00% 0.00% 0.00% 7.12% 14.99% 16.28% 6.80% 3.64% 2.63% 2.25%
600 - 700 0.00% 0.00% 0.00% 2.63% 11.59% 15.72% 11.61% 7.27% 5.05% 4.44%
700 - 800 0.00% 0.00% 0.00% 0.40% 9.17% 13.25% 13.73% 11.93% 9.69% 8.33%
800 - 900 0.00% 0.00% 0.00% 0.00% 6.14% 12.70% 12.57% 12.94% 13.37% 12.91%

900 - 1000 0.00% 0.00% 0.00% 0.00% 2.74% 10.45% 12.48% 11.17% 11.29% 12.03%
1000 - 1100 0.00% 0.00% 0.00% 0.00% 0.87% 6.53% 12.79% 12.15% 10.74% 9.99%
1100 - 1200 0.00% 0.00% 0.00% 0.00% 0.17% 3.39% 10.26% 13.25% 13.47% 12.67%
1200 - 1300 0.00% 0.00% 0.00% 0.00% 0.02% 1.46% 6.48% 10.11% 12.43% 13.82%
1300 - 1400 0.00% 0.00% 0.00% 0.00% 0.00% 0.49% 3.70% 5.95% 7.64% 8.54%
1400 - 1500 0.00% 0.00% 0.00% 0.00% 0.00% 0.08% 2.33% 3.99% 4.50% 4.73%
1500 - 1600 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 1.07% 2.73% 3.62% 3.93%
1600 - 1700 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.40% 1.37% 2.39% 2.96%
1700 - 1800 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.10% 0.44% 0.94% 1.36%
1800 - 1900 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.08% 0.19% 0.31%
1900 - 2000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.000% 0.00% 0.01% 0.02%

DAVID, DON’T REDESIGN THIS ONE EITHER. 
SEE REPORT DRAFT FOR HOW THEY HAVE 
THIS LOOKING. THEY KEEP THIS HEADER.
FIGURE 10
Santee Cooper 2024 Load Forecast, 
Stochastic Analysis of Large Load Growth

[Caption] Santee Cooper’s 2024 Large Load 
Forecast uses stochastic analysis to model 
uncertainty in project realization, 
energization date, and load ramping. The 
figure shows probability-weighted 
outcomes for cumulative large load growth, 
illustrating a range of potential trajectories 
based on simulated variations in project 
development and timing.
Source: Santee Cooper, presentation to 
ESIG Large Load Task Force Forecasting 
Team (May 2025).

projects and schedule evolves, but at higher cost than  
a plan that is designed for the middle of the range.

Several utilities, including Georgia Power, NOVEC, and 
Santee Cooper, use stochastic practices for large load 
forecasting. These forecasts use Monte Carlo simulations 
or similar techniques to generate a distribution of out-
comes. The stochastic data may be simplified into several 
scenarios (for example, Georgia Power), or the forecast 
may utilize the full range of potential loads in its load  
forecast, as shown for Santee Cooper in Figure 10. 

Stochastic forecasting methods require a load forecast  
to include probabilistic assumptions about possible future 
outcomes. The usefulness of a stochastic forecast depends 
on the quality of the input data and probabilities assigned 
to parameters underlying the forecast model. Without 
sufficient data, stochastic forecasts may mask the  
influence of methods for assigning probabilities  
(e.g., historical realization rates and staff judgment)  
and introduce false certainty. But if a stochastic forecast  

is built upon sufficient historical data, it provides more 
paths to problem-solving than a deterministic forecast.

Regional Load Forecast Practices
Regional load forecasts use many of the same practices 
as utilities do. But because they often aggregate con- 
stituent utility forecasts as a starting point, regional  
forecasts differ in how they handle adjustments,  
overlays, and regulatory expectations. 

Most RTOs and ISOs prepare long-term regional large  
load forecasts. The California Energy Commission and  
Bonneville Power Authority also prepare these forecasts. 
(The California Energy Commission forecast is used in 
planning by CAISO, utilities, and the California Public  
Utilities Commission.) Other organizations, such as the 
Northwest Power and Conservation Council, prepare  
regional load forecasts for regional coordination or 	
study purposes. Many regional forecasts offer several 	
future development scenarios rather than a single 	
forecast.
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F I G U R E  1 1
Regional Load Forecast Practices

Post-Hoc Adjustment Scenario Overlay Regulatory Approach

Aggregate member  
forecasts, then adjust

Aggregate member  
forecasts, then apply  

scenario overlays

Direct load-serving  
entities to use consistent 

forecasting practices  
(in progress)

California Energy Commission ✔ ✔

Electric Reliability Council  
of Texas ✔ ✔

New York Independent System  
Operator ✔

PJM ✔ ✔

Southwest Power Pool ✔

Many regional entities aggregate and adjust utility forecasts, but methodologies vary. This figure compares how different regions 
align member forecasts, apply adjustments, and incorporate policy-driven or system-level uncertainty. These approaches illustrate 
how regional harmonization can improve consistency across large load forecasting practices.

Source: Energy Systems Integration Group.

Figure 11 summarizes key variations in how some regional 
load forecasts aggregate utility forecasts and address 
policy- or system-level uncertainty by adjusting constituent 
utility forecasts. Most of these regional forecasts include 
adjustments intended to align each utility’s forecast 	
for greater regional consistency. For instance, in 2025, 
ERCOT transmission owners submitted an aggregated 117 
GW large load forecast for 2030, but ERCOT’s adjustments 
reduced the forecast to 48 GW (ERCOT, 2025b). The 	
California Energy Commission, ERCOT, and PJM have 	
each adopted load forecasting planning standards 	
or practices to regionally harmonize members’ forecast 
practices across each region; this is labeled as a 		
“regulatory approach” in the figure, even though 		
formal regulations have not yet been adopted.

Forecast harmonization may also be required within a 	
region. SPP is currently harmonizing its two separate 	
utility-submitted forecasts for resource adequacy and 

transmission planning (SPP, 2025a). MISO’s and the 	
Ontario Independent Electricity System Operator’s	  
(IESO’s) regional load forecasts take a different approach, 
using large load forecasts that are more akin to bottom- 
up forecasts (MISO, 2025).13 Because regional authorities 
have less direct access to customer-supplied information, 
the MISO and IESO forecasts rely more heavily on public 
announcements, trade association information, and 	
federal government data, in addition to member input. 
The Independent System Operator New England (ISONE) 
has had limited experience with large loads to date 
(ISONE, 2025). 

Awareness of Alternative Sites 		
in Other Jurisdictions
Duplicative and, in some cases, speculative large load 	
requests are a widely discussed challenge. It is commonly 
understood that customers—especially data centers—	

13	 MISO actually has two load forecasting processes. MISO states that, “for the load forecasts used in the [planning resource auction] and transmis-
sion planning reliability studies, MISO relies on its members to apply screening criteria. [Expedited project review] requests submitted to MISO are 
based on the expectation that the large load requests have been vetted by the members to identify and understand the local transmission needs 
as outlined in MISO’s [expedited project review] request form.” Alternatively, “for the Long-Term Load Forecast, MISO evaluates prospective large 
loads for inclusion using several sources of information, including: (1) publicly available data on announced data center developments, and (2) 
commercially available data on new data center developments obtained from third-party monitoring services (such as LandGate) . . . .” (MISO, 2025).
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often explore multiple siting options across jurisdictions. 
However, utilities typically lack clear visibility into whether 
a given project is part of an applicant’s broader site 	
comparison effort. Most load forecasts do not appear 	
to directly evaluate the likelihood that specific projects 
will end up locating elsewhere, but rather use a project 
realization rate to reflect overall cancellation rates.

Efforts to determine whether alternative sites are under 
consideration are increasing:

•	 Texas Senate Bill 6, passed in 2025, requires disclosure 
of applicants’ alternative sites within Texas (Texas 
Legislature, 2025).

•	 Santee Cooper asks customers whether they are 	
considering alternative sites and incorporates the 	
data as part of its project realization scoring. 

•	 MISO infers that an applicant is developing multiple 
sites when a customer files common facility blueprints 
across locations, and it reduces the likelihood of each 
accordingly.

•	 PJM has proposed requiring that utility submissions 	
of large load forecast adjustments include customer- 
provided information regarding “duplicative” 		
interconnection requests (PJM, 2025a).

The most detailed proposal for obtaining and reviewing 
alternative site information is in the staff discussion draft 
for new Large Load Interconnection Standards for ERCOT 
(PUCT, 2025).
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2025 National Load Forecast

F I G U R E  1 2
Total National Peak Demand Growth Forecast for 2025–2030 (Forecasts from 2022–2025)

Aggregated utility and regional forecasts of peak demand growth between 2025 and 2030 have risen sharply in recent years, from 
about 24 GW in 2022 to 166 GW in 2025, reflecting the rapid emergence of new large load requests. Although aggregate national 	
load forecasts are not used for grid planning, they provide valuable context for trends shaping utility and regional planning efforts 
nationwide.

Source: Wilson et al. (2025), Power Demand Forecasts Revised Up for Third Year Running, Led by Data Centers (November 2025), Grid Strategies,   
https://gridstrategiesllc.com/project/load-growth-forecast/.
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Due to new large load requests, the total national 
five-year (2025-2030) load growth forecast  
according to Grid Strategies’ analysis is now  

166 GW, representing 20% of current peak load demand 
(see Figure 12). This national estimate is based on an  
aggregation of utility and regional load forecasts sub- 
mitted to FERC, as well as more recent published updates. 
Compared to just three years ago, forecast growth for the 
same five-year period has increased from 24 GW (2.9%) 
 in 2022, a six-fold increase.

Load forecast updates are issued throughout the year.  
In addition to data filed with FERC, the 166 GW forecast 
compiled by Grid Strategies includes a recent update by 
SPP. PJM plans to release an update later in 2025, mostly 
driven by data center load requests (PJM, 2025b).  
PacifiCorp is seeing high data center load growth but  
now excludes that load from its official system planning 
forecast (PacifiCorp, 2025).

https://gridstrategiesllc.com/project/load-growth-forecast/


FORECASTING FOR LARGE LOADS: CURRENT PRACTICES AND RECOMMENDATIONS                        ENERGY SYSTEMS INTEGRATION GROUP  28    

TA B L E  4
Planning Areas with Highest Peak Load Growth (2025–2030)

Source: Wilson et al. (2025), Power Demand Forecasts Revised Up for Third Year Running, Led by Data Centers (November 2025), Grid Strategies,   
https://gridstrategiesllc.com/project/load-growth-forecast/.

2025 Peak Load Forecast (GW) Five-Year Forecast Growth

2025 2030 (GW) Percent

ERCOT 85.8 138.9 53.2 62%

PJM 154.1 183.9 29.7 19%

SPP 57.9 82.0 24.2 42%

MISO 130.0 145.5 15.6 12%

Georgia Power 17.8 25.8 8.0 45%

CAISO 46.1 52.9 6.8 15%

Duke Energy (Carolinas) 34.1 37.5 3.4 10%

Salt River Project 8.5 11.3 2.8 33%

PacifiCorp 14.3 16.3 2.0 14%

Florida Power & Light 26.3 27.9 1.6 6%

All other planning areas 253.9 273.1 19.2 8%

Total 828.8 995.3 166.5 20%

14	 The load growth breakdown between data center, industrial, and other loads is based on Grid Strategies’ analysis of numerous utility and planning 
area forecast documents. Information obtained from those documents was used to apportion the respective forecast load growth into categories  
for 2025.

Nearly three-quarters of the 166 GW in forecast peak load 
growth comes from the four largest load forecast regions 
in the country: ERCOT, PJM, SPP, and MISO, according to 
the Grid Strategies analysis summarized in Table 4. Seven 
other regions comprise most of the rest of the growth.

Another way to understand forecast load growth is by 
summarizing utility energy forecast data submitted in 		
integrated resource planning proceedings. RMI collected 
energy forecast information from 130 resource plans, 	
covering approximately 48% of electric load, as shown 	
in Figure 13 (p. 29). The 24% electric energy growth rate 
should not be directly compared to the 20% peak demand 
growth rate shown in Table 4, because it covers a longer 
analysis period (10 years vs. 5 years) and measures elec-
tricity use (GWh) rather than summer peak load (GW). 

Drivers of Load Growth
Over the next five years, load forecasts indicate that the 
main drivers of growth are expected to be investment in 
data centers and industrial/manufacturing factories, as 
shown in Figure 14 (p. 29). Smaller shares include oil and 
gas/mining and “other”—where “other” includes some 
large loads but mostly growth in smaller customer loads, 
including residential and small commercial. As discussed 
in the subsection “Load Differentiation” above, load fore-
casts have not adopted standardized definitions for cate-
gories of large loads and often do not report detailed 
data. Accordingly, Grid Strategies’ analysis of utility load 
forecasts required its authors to apply significant profes-
sional judgment to interpret and apply available data to 
estimate a breakdown of forecast load growth by sector.14

https://gridstrategiesllc.com/project/load-growth-forecast/
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F I G U R E  1 3
Actual and Projected Energy Use in Utility Plans (2005–2035)

Analysis of integrated resource plans shows significant growth in total electricity use through 2035. This graph shows how greatly 
projected electric energy demand has increased between the 2022 forecast (lowest line on the right) and the September 2025 growth 
forecast (top line). The 24% energy growth rate shown here represents projected consumption (GWh) in utility plans covering roughly 
half of U.S. load. Although not directly comparable to peak-demand forecasts, these data highlight the sustained rise in systemwide 
electric energy requirements.

Source: RMI, Engage and Act (data accessed October 2025). https://rmi.org/our-work/climate-finance/engage-and-act/.
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F I G U R E  1 4
Grid Strategies’ Estimate of Load Growth Drivers 
(2025–2030)

Analysis of utility and planning area forecast documents	  
indicates that most expected U.S. load growth between 2025 	
and 2030 can be attributed to data centers, followed by industrial 
and manufacturing projects. Smaller shares are linked to oil and 
gas, mining, and other customer classes, including residential 
and commercial electrification.

Source: Wilson et al. (2025), Power Demand Forecasts Revised Up for Third 
Year Running, Led by Data Centers (November 2025), Grid Strategies,   
https://gridstrategiesllc.com/project/load-growth-forecast/.

Oil & Gas/
Mining
10 GW

~5%

Data
Centers

90 GW
~55%

Industrial/
Manufacturing

30 GW
~20%

Other
30 GW
~20%

Data Centers

According to this analysis of utility load forecasts, of the 
166 GW of forecasted load growth for 2030, roughly 90 GW 
are linked to data centers. Very few load forecasts differ-
entiate between types of data centers. While some 	
break out crypto mining facility load, not enough do so 		
to provide a useful national estimate for this subcategory. 
Notably, load from AI projects (the largest set of new 	
large load projects) is not explicitly tracked in any 	
publicly available load forecast.

The potential to reach 90 GW of new data center demand 
is supported by a bottom-up analysis of data center server 

Over the next five years, load forecasts 	
indicate that the main drivers of growth 
are expected to be investment in data 
centers and industrial/manufacturing 	
factories, with smalller shares of oil and 
gas, mining, and small customer loads, 	
including residential and small commercial.

https://rmi.org/our-work/climate-finance/engage-and-act/
https://gridstrategiesllc.com/project/load-growth-forecast/
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F I G U R E  1 5
LBNL’s 2024 Estimate of Energy Use by Data Centers (2014-2028)

The Lawrence Berkeley National Laboratory’s analysis projects total U.S. data center electricity demand rising from roughly  
50 TWh in 2014 to 325-580 TWh by 2028. The growth is driven primarily by AI-specialized servers. These projections offer a 	
bottom-up benchmark based on historical trend extrapolation without accounting for supply chain limits or other influencing 
factors. 

Source: Shehabi, A. et al., 2024 United States Data Center Energy Usage Report (December 2024), LBNL-2001637, p. 53, https://eta.lbl.gov/publications/ 
2024-lbnl-data-center-energy-usage-report. © The Regents of the University of California, Lawrence Berkeley National Laboratory.
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shipments by the Lawrence Berkeley National Laboratory 
(LBNL). This analysis found that total power demand for 
data centers could reach between 74 and 132 GW in 2028, 
or 325 to 580 TWh of energy use, as shown in Figure 15. 
Notably, this growth through 2028 is driven primarily by 
AI-specialized servers, which consume more energy per 
processor, even though they represent just a fraction of 
the processors installed in data centers (Shehabi et al., 
2024). The LBNL analysis extrapolates historical trends 
and does not consider supply chain (e.g., semiconductor 
availability) constraints, utility forecasts, or data center 
industry investment reports.

Grid Strategies compared the aggregate national forecast 
estimate of 90 GW in forecast data center load with three 
alternative benchmarks:

•	 Cleanview is tracking about 60 GW of data centers 
scheduled to begin operation before 2029 (but may 
not track all projects) (Cleanview, 2025).

•	 In mid-2024, based on anticipated shipments of pro-
cessing chips for data centers, TD Cowen projected 65 
GW of new power demand by 2030 (Elias et al., 2024).

•	 Other data center market analysts use utility-published 
data and information from data center developers to 
forecast data center and large load growth. Despite 
significant variations on scope and methods, all point 
to growth well below 90 GW (Wilson et al., 2025).

Based on this comparison, Grid Strategies concluded that 
the 90 GW data center load growth forecast is likely to be 
overstated by roughly 25 GW on a national basis. 

Industrial, Manufacturing, Oil and Gas,  
and Mining Sectors

The Grid Strategies analysis finds that industrial and  
manufacturing drives about 30 GW of five-year load growth, 

https://eta.lbl.gov/publications/2024-lbnl-data-center-energy-usage-report
https://eta.lbl.gov/publications/2024-lbnl-data-center-energy-usage-report
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with oil and gas and mining sectors contributing perhaps 
10 GW more. While load forecasts often provide detail 	
for subsectors, inconsistent subsector definitions and 
reporting make further detail impractical.

Other Sources of Load Growth

Other sources of load growth, including residential and 
commercial uses (including building and transportation 
electrification), could contribute another 30 GW 		
(Wilson et al., 2025). Some of this load may be reported 	
as residential and commercial growth, but other load may 
not be specifically classified. Many load forecasts had 
roughly zero growth for other load classifications, while 	
in some other load forecasts, as much as half of load 
growth is attributed to these factors collectively.

Challenges to Constructing a Unified 
National Large Load Forecast
While some benchmarking of the aggregate national large 
load forecast is possible, it is difficult to judge whether 
the national load forecast is reasonable and how to 	
improve it. The project team explored the question of 
whether some national organization, such as a national 
laboratory (e.g., LBNL) or a major industry research 	
organization (e.g., EPRI) might be able to construct a 	
unified national large load forecast using consistent, 
transparent methods to assist utilities in benchmarking 
and improving their forecasts. The discussion identified 
substantial  obstacles to such an effort:

•	 Reconciling customers’ announced data center 	
goals with load interconnection requests requires 	
substantial information that only utilities have.

•	 Even utilities may not know the ultimate customer(s)	  
of proposed projects.

•	 It is practically infeasible to execute non-disclosure 
agreements with utilities and regional planning 	
authorities to obtain data about customers.

•	 Energy analysts are “ill-equipped” to model data center 
energy demand due to “critical data gaps and the 
fast-moving nature of AI technology” (Masanet et al., 
2024). While industry specialists use investment data 
and chip shipments to forecast near-term growth, 
there may be questions about whether their data 	
are comprehensive and accurate.

The project team concluded that it will be very difficult 	
to align utility-sourced load forecasts with independent 
national-scale expectations about data center load 
growth. This topic is further explored in the section 	
“Developing New Information Resources and Forecasting 
Practices,” where the project team recommends building 
a database of load forecast metric data. The discrepancy 
between the national large load forecast and industry 
specialists’ forecasts may shrink (or grow), but it may 	
not be possible to effectively align utility, regional, 	
and national large load forecasts.
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Using Available Data to Improve 
Forecast Accuracy

The project team has identified a number of practices 
that can be used for large load forecasts to make 
the best use of information that is available now or 

likely to soon become available. Many of these practices 
were discussed in the section “Large Load Forecasting 
Practices Today.” They can be incorporated into utility and 
regional load forecasts if data availability allows. Some 
techniques are already well established while others 	
are in advanced stages of development. 

Today, the most pressing problem facing load forecasts is 
arguably that data center load is forecast at an unrealistic 
level, at least for the next five years. As discussed in the 
section “2025 National Load Forecast,” the data center 
portion of utility and regional load forecasts may be 	
25 GW higher than alternative benchmark forecasts. As 	
discussed in “Large Load Forecasting Practices Today,” 
individual utility or regional data center load forecasts 	
will find it challenging to correctly anticipate their “share” 
of the potential buildout of data center power demand 	
on a nation-wide basis due to uncertainty in key load 	
forecast metrics.

•	 Project and load realization: Some data center inter-
connection requests may represent “double counting” 
in that data center developers may pursue projects in 
multiple utility territories due to uncertainty regarding 
the feasibility or schedule for load interconnection. 
There are also speculative requests from developers 
that do not yet have final customers. Load realization 
may be affected by business strategy or project design 
advances. For example, efficiencies in project design 
may only reach sufficient maturity late in the project 
development process.

•	 Energization date and load ramping: Data center 	
interconnection requests may be based on over- 
optimistic delivery schedules for key data center 	

components, such as servers. Even if the customer 	
accurately forecasts actual demand, the ramp rate to 
that level of demand may be slower than expected.

Given that potential data center forecast error drivers 	
appear to be correlated (as with duplicative project	  
requests and common dependence on tight supply 
chains), relatively small errors in each utility load forecast 
may yield a large cumulative forecast error. There is no 
guarantee that the errors will be distributed uniformly 
across utilities—some utilities may get it right and others 
miss due to market forces that could not be reasonably 
anticipated by any one utility.

Below, the project team reviews the first seven 		
recommendations discussed in the executive summary 
and suggests ways that utilities may implement  
continuous improvement practices through forecast  
validation studies. 
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Recommendation 1: Use All Five Large 
Load Metrics to Create a Large Load 
Forecast
As discussed in the section “2025 National Load Forecast,” 
the large load forecast represents the vast majority of 
load growth in many load forecasts. Just a few years ago, 
load forecasting practices were generally well understood 
and not particularly controversial. But today, scrutiny of 
large load forecast practices is justifiable due to their 
novelty and importance.

A well-structured large load forecast clearly describes, 
collects applicant data for, and implements the five large 
load metrics in Figure 16 to characterize and weight infor-
mation about large loads used to construct the large 	
load forecast. 

These concepts are embodied in most, if not all, large 	
load forecasts—but in ways that are inconsistent or lack 
transparency in many instances. For example, large load 
forecasts often combine the concepts of project realiza-
tion and load realization into a single adjustment factor. 
For instance, if the project pipeline includes 1,500 MW 	
of large load projects, the forecast might state that it 	
expects only 500 MW to be realized, without specifying 
what combination of project realization and load 		

realization rates were used to calculate this result. Another 
area for improving clarity is how large load customers 	
will use on-site generation and how that will affect load 
realization, load ramping, and load factor or load shape.

Instead of combining multiple concepts into a single 	
result, individual weighting factors for each load forecast 
metric could improve clarity and result in a better load 
forecast. Development of each weighting factor could be 
informed by a maturity assessment, ideally as described 
in Recommendation 9. As noted by FERC Chairman Rosner, 
criteria used to assess the “commercial readiness of large 
projects in the generator interconnection queue . . .  
include[ing] observable milestones such as contracts, 
financial security deposits, and physical site control” 
could be a model for assessing the maturity of load inter-
connection requests (FERC, 2025a). Such a process could 
include thresholds for considering or excluding project 
information in load forecast development—projects that 
do not meet certain project maturity thresholds may 	
not be considered in the load forecast.

Adopting clear metrics for large load forecasting is a 	
precondition to some practices discussed in sections 
“Using Available Data to Improve Forecast Accuracy” and 
“Developing New Information Resources and Forecasting 
Practices” of this report. These lay the foundation for 	

F I G U R E  1 6
Five Large Load Characteristics and Forecast Metrics

Large load forecasts can characterize and evaluate new loads using five core metrics: project realization, energization date, load 	
realization, load ramping, and load factor/load shape. Together, these describe whether, when, and how completely large load  
projects materialize and how they use electricity over time. Applying these metrics consistently improves comparability and 	
transparency across forecasts.

Source: Energy Systems Integration Group.

Project Realization Energization Date Load Realization Load Ramping
Load Factor or  
Load Shape

The rate at which 
projects included in 
the load forecast are 
placed in service

•	 Often presented 
as a percentage of 
project requests 
expected to come 
to fruition

The beginning of 
commercial operation 
by projects, including 
anticipated delays

The forecast peak  
load that the project 
is expected to require 
once it’s fully scaled up

•	 Often presented 
as a percentage of 
requested peak  
load

The monthly or annual 
forecast of demand 
during the startup 
period of commercial 
operation

•	 Often presented  
as a percentage of 
requested peak  
load

•	 Load factor:  
Actual energy use 
as a proportion of 
facility capacity

•	 Load shape: More 
detailed information 
on power needs,  
for example, an 
hourly schedule  
of energy use
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developing new metrics, such as for load flexibility, as 	
discussed in “Developing New Information Resources 	
and Forecasting Practices.”

Recommendation 2: Develop a 		
Consistent Framework to Differentiate 
Among Large Load Types
A large load classification system can consistently 	
identify large load types (including facility business 	
purpose, size, and load shape) across forecasts. Each 
load forecasting authority calibrates its load forecasting 
practices to reflect the unique characteristics and 	
planning requirements in its service territory or region. 
This concept can be extended to consider technological 
variety among large loads—as different technologies 	
exhibit distinct consumption patterns, ramp rates, and 
operational behaviors—to improve their forecast. As dis-
cussed in the section “Large Load Forecasting Practices 
Today,” load forecasts do not currently share a consistent 
language of large load types or share practices regarding 
how to treat technology differences. 

While many load forecasts differentiate large load fore-
casts based on different large load types, the details of 
these practices are not transparent, and appear to vary 
widely. In contrast, load forecasts for other loads use 
transparent and generally consistent definitions of 	
residential, commercial, and other classifications of 	
load. As large load forecasting practices are at an early 
stage, variation is to be expected, but could become an 
obstacle to industry-wide learning and improvement.

Industry could develop, or converge upon, a consistent 
set of detailed large load types and classifications. The 
types would group customers with similar load forecast 
metrics as well as common characteristics such as size, 
business model, and site climate conditions. This would 
simplify categorization of new customer interconnection 
requests and allow consistent identification of load 	
types across utility and regional footprints and forecasts.

To implement this approach, load forecasts will need 	
sufficient customer data to enable categorization of new 
large load interconnection applications. The project team 
learned that some utilities do not have confidence that 
internal data fully identify and classify large load customers 
by type, both within their customer base and among 	

customers requesting service. Where this information 	
is lacking, it complicates the application of type-specific 
forecasting models. To obtain and manage customer 	
data by load type, utilities will need to invest in customer 
research and new requirements for data submission 	
by prospective new customers. 

Given large load categories and interconnection project 
data, utilities could develop forecasting frameworks with 
modeling and validation practices that use similar data 
and methods for load types with historical experience and 
predictability of outcomes. Each type of customer could 
be forecast using its own specific parameters, inputs, 	
or assumptions, but there should be a common practice 
of specifying the data sources and methods used to 	
generate each load forecast metric. 

If a utility’s data center load forecasting is at an early 
stage of development due to a lack of historical data 
about project realization, load ramping, etc., the utility 
could use a contract-only deterministic forecast method 
(see “Large Load Forecasting Practices Today,” Archetype 
1) for data centers as best suited for forecasting a tech-
nology type with low information availability. That same 
load forecast might recognize vehicle manufacturing as 	
a well-understood, expanding load sector and choose 	
to use an extended-forecast method (see “Large Load 
Forecasting Practices Today,” Archetype 3). Balancing 
methodological consistency with a recognition of varying 
data certainty and granularity is a practical approach 	
to capturing emerging large-load technology load 	
characteristics.

Industry could develop a consistent set 	
of detailed large load types and classifica-
tions, grouping customers with similar 	
load forecast metrics as well as common 
characteristics such as size, business 
model, and site climate conditions. This 
would simplify categorization of new 	
customer interconnection requests and 
allow consistent identification of load 
types across utility and regional  
footprints and forecasts.
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Adopting such a framework would also allow a large load 
forecast to explicitly recognize the uncertainty associated 
with the contributions of each load type. This could be 
reflected in weighting factors, stochastic modeling, or 
scenario development.

While the project team did not identify any large load 
forecast that has transparently adopted such a unified 
forecasting framework, it did see evidence that some 	
utilities differentiate modeling practices between, for 	
example, data centers and manufacturing facilities. But 
none of the load forecasts reviewed for this report made 
such assumptions or historical data publicly available, and 
no U.S. research organization has yet shared models for 
how to forecast different large loads’ future demand and 
operational behavior. In addition to adopting a unified 
forecasting framework, we discuss the need for collabora-
tion and data sharing to further improve forecast accuracy 
in Recommendation 8, found in the section “Developing 
New Information Resources and Forecasting Practices.”

Recommendation 3:  
Account for Uncertainty
Optimal planning of transmission and generation invest-
ments means accounting for uncertainty in both front-end 
and back-end risk. Front-end risks refer to uncertainty in 
the quantity and timing of infrastructure needed to serve 
new loads. Some of the drivers of front-end risk include 

computing supply chain disruptions, an inability of the 
electricity industry to build out enough transmission and 
energy supply to serve data center and other large load 
demand, regulatory changes, and major improvements in 
computational efficiency. To address these risks, large 
load forecasts are often structured around thresholds for 
project inclusion and weighting of project realization, load 
realization, and other load metrics to predict outcomes 
consistent with historical experience, using professional 
judgment. 

Large load forecast practices are evolving rapidly to deal 
with front-end risk and have adopted practices to account 
for uncertainty that include:

•	 Weighting factors: Applying adjustments that 	
acknowledge that not all projects reach 100%  
achievement of customer’s projected level of service

•	 Stochastic modeling: Considering varying prob- 
abilities for contract and proposed projects as to the 
level of service achieved, by year

•	 Scenario-based forecasts: Considering several 	
alternative sets of assumptions or weighting factors to 
develop a discrete number of scenarios for planning 
studies

Back-end risks center on whether the infrastructure 	
and investments built to serve new loads will remain used 
and useful over their lifetimes. However, many large load 
forecasts do not currently address back-end risks and 
overlook attrition or systemic risk of customers reducing 
or cancelling service, which could lead to inefficient or 
excessive utility or regional infrastructure investments. 	
If such risks are correlated across a substantial share of 
system load, then methods for evaluating this systemic 
risk can be included in transmission and resource 		
planning. 

Weighting Factors

Weighting factors address the inherent uncertainty in 
large load development by overriding the assumption that 
all proposed projects will achieve their full projected level 
of service. Weighting factors may be informed by histori-
cal realization rates for large loads in general, for specific 
customer types, or for the customer’s historical data from 
other facilities in the utility’s service territory. For example, 
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F I G U R E  1 7
Exelon Large Load Forecast Overview

Exelon converts its pipeline of contracted projects into expected demand by applying weighting factors for project realization, load 
ramping, and utilization. This slide illustrates how these adjustments reduce the total pipeline to a more probable forecast of peak 
demand, emphasizing the role of historical data and financial commitment criteria in refining large load projections.

Source: Exelon, Exelon Large Load Adjustment Proposal – 2026 PJM Load Forecast (September 16, 2025), presentation to PJM Load Analysis 
Subcommittee, p. 4. https://www.pjm.com/committees-and-groups/subcommittees/las.

Exelon uses historical data to turn its total load application 
pipeline into a 2040 demand forecast by adjusting ramp 
and demand realization (utilization) rates, as shown in 
Figure 17.

Where professional judgment is used to adjust weighting 
factors, subject-matter experts or committees may 	
consider the project’s overall maturity as reflected in the 
comprehensiveness of data supplied for its interconnec-
tion application, its contractual and permitting status, 
and other risk indicators. For example, Salt River Project 
adjusts customer load ramps and demand realization 	
using a project-specific “maturity score” factor. This 	
factor is based on internal and external information 	
in five categories: energy infrastructure, client con- 
struction, development permits, land acquisition, 
and other information.

Data center operators have objected to the use of 	
weighting factors in load forecasts. In a detailed com-
plaint about Silicon Valley Power’s facility-specific load 
forecast, STACK Infrastructure argues that its fully 	
constructed facility is “vastly underserved” and unable to 
be fully leased because the utility’s planning documents, 
based on applied weighting factors, indicated long-term 
facility energization significantly below the developer’s 
requested capacity (STACK Infrastructure, 2025).

Stochastic Modeling

Stochastic modeling incorporates probabilistic analysis 	
to represent uncertainty and is identified as large load 
forecasting Archetype 4 in the section “Large Load 	
Forecasting Practices Today.” Utilities use stochastic 
modeling for estimating generation resource plan and 

https://www.pjm.com/committees-and-groups/subcommittees/las
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Load Forecast Stochastic Results (2024 LF)
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FIGURE 18
Santee Cooper: 2024 Large 
Load Growth Forecast

[Caption] Santee Cooper’s 
forecast models uncertainty 
using stochastic methods that 
assign probability distributions 
to key metrics rather than 
single-point estimates. The 
figure shows a range of 
simulated load-growth 
trajectories generated from 
varying assumptions for 
project realization, load 
realization, and other forecast 
parameters.
Source: Santee Cooper, 
presentation to ESIG Large 
Load Task Force Forecasting 
Team (May 2025).

F I G U R E  1 8
Santee Cooper: 2024 Large Load Growth Forecast

Santee Cooper’s forecast models uncertainty using stochastic methods that assign probability distributions to key metrics rather 
than single-point estimates. The figure shows a range of simulated load-growth trajectories generated from varying assumptions for 
project realization, load realization, and other forecast parameters.

Source: Santee Cooper, presentation to ESIG Large Loads Task Force Forecasting Team (May 2025).

Utilities use stochastic modeling for 		
estimating generation resource plan and 
capital project costs and contingencies. 
As a general rule, stochastic modeling 	
requires a stronger historical or evidence 
basis for the ranges of input data used 	
in the model than a simpler weighted, 	
deterministic approach.

capital project costs and contingencies. As a general 	
rule, stochastic modeling requires a stronger historical 	
or evidence basis for the ranges of input data used in the 
model than a simpler weighted, deterministic approach.

A stochastic model will ideally consider our five load fore-
cast metrics. But instead of picking a single weighting 
factor for each metric and project (or group of projects), 
the stochastic model requires a probability distribution of 
potential weighting factors. Stochastic models generate 	
a spectrum of load scenarios rather than a single line 
forecast. This is illustrated in Santee Cooper’s 2024 	
large load growth forecast, as shown in Figure 18.

In the context of large load forecasting, a significant 	
concern is that even utilities with a few years of service 
data for large load customers lack sufficient historical 
data to model the most important parameters using 	
stochastic analysis. In the field of cost estimation, 	
advanced parametric modeling methods are most useful 
when “systemic (i.e., not project-specific) risks such as 

the level of scope definition are dominant (AACE Interna-
tional, 2008), and stochastic (Monte Carlo) methods are 
preferred when it is feasible to estimate risk probabilities 
and especially when correlations between risks can 	
be considered in the model (AACE International, 2012). 
Those conditions are also likely to identify where 		
stochastic analyses can be an efficient path for 		
creating planning scenario cases. 
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Scenario-Based Forecasts

Scenarios are a familiar tool in power industry planning 
and are beginning to be applied to large load forecasts, 
whether based on deterministic or stochastic analysis. 
Scenario-based forecasting is particularly valuable 	
for long-term planning studies such as transmission 	
expansion and resource adequacy assessments, 		
where the consequences of under- or over-building 	
infrastructure can be significant. 

By comparing results across scenarios, utilities can 	
identify robust infrastructure development strategies 
that perform well under multiple conditions and reduce 
exposure to planning errors. For example, as shown in 	
Figure 19, PacifiCorp has a high data center load scenario 
that departs markedly from other scenarios that consider 
variations in economic drivers, private generation, and 
weather conditions.

Typically, either the weighting factor method or the 	
stochastic modeling method would be used to create 	
alternative scenarios by varying the input factors con- 
sistent with professional judgment or historical evidence. 
Simpler approaches are used as well: MISO’s low, base, 
and high data center load forecasts use compound annual 
adjusted growth rates of 13%, 14%, and 15%, respectively.

Scenario-based forecasting is particularly 
valuable for long-term planning studies 
such as transmission expansion and 		
resource adequacy assessments, where 
the consequences of under- or over-	
building infrastructure can be significant.

F I G U R E  1 9
PacifiCorp Load Forecast Scenarios (Excluding Energy Efficiency Adjustments)

Peak demand forecasts from PacifiCorp’s 2025 integrated resource plan. The forecasts shown include a Base Case and several 	
sensitivities, including High and Low economic growth, High and Low private generation (PG) or distributed energy resources, 
more-extreme weather conditions (1-in-20 Weather), and a High data center (DC) case. The High DC forecast is markedly higher 	
than the other forecasts.

Source: PacifiCorp, 2025 Integrated Resource Plan (March 31, 2025), Volume II, Appendix A, p. 18, https://www.pacificorp.com/energy/integrated-resource-
plan.html.

https://www.pacificorp.com/energy/integrated-resource-plan.html
https://www.pacificorp.com/energy/integrated-resource-plan.html
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Scenario forecasts can consider futures that would 	
probably not be studied in a stochastic model. For example, 
scenarios could represent shifts in the mix of large load 
technologies (more manufacturing, fewer data centers), 
changes in behind-the-meter generation, or a slowing 	
of future data center additions after the current wave of 
investments. Policy drivers, global competition, and other 
relevant factors could also be explored in a large load 	
scenario, although the project team did not identify 	
any such cases.

Addressing Back-End Risk 

Once large loads are placed in service and reach full 	
demand, load risk shifts to back-end risks: attrition and 
systemic risk. The load forecast will include a projection 
of how long large load customers remain in operation and 
how, if at all, their load requirements and load shapes will 
change over time. The project team did not see any load 
forecasts that considered any alternative to ongoing, 
continuous, and stable operation by customers after 
reaching full load.

The challenge of attrition and systemic risk is particularly 
relevant in the context of the rapid data center industry 
expansion, and potentially for other types of large load 
growth as well.15 Most segments of the data center industry 
are experiencing aggressive growth, amplifying exposure 
to correlated risks. Roughly half of today’s planned large 
loads are at a gigawatt scale, with complex development 
timelines and high dependency on external factors. 

Back-end risks include the question of whether current 
growth projections—driven largely by AI and cloud com-
puting—represent a sustainable trend or a bubble with 
cancellation of new projects and declining demand 	
for existing projects. The societal costs and losses of 
building infrastructure to serve these large loads could 	
be significant if project attrition rates are high and utility 
system investments are not fully utilized over their life-
time. If, after reaching forecast peaks, demand from data 
centers falls below expectations, utilities could be left 
with stranded transmission and generation investments. 
This is one reason that regulators and utilities are 	
proposing new cost allocation, ring-fencing, and revenue 
recovery methods to protect non-data center customers 
from data center infrastructure costs. 

15	 For example, recent changes in federal policy are likely to reduce forecast demand related to hydrogen production.
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Because attrition rates for novel technologies and other 
systemic risks are highly situational and lack historical 
precedent,16 it will be challenging to assign meaningful 
probabilities to attrition risk. Consequently, incorporating 
systemic risk analysis into scenario planning is a practical 
approach for evaluating the resilience of long-term infra-
structure investments from the perspectives of transmis-
sion reliability, resource adequacy, and financial concerns. 
Utilities and regional planning authorities need to try to 
design infrastructure plans that can survive or adapt to 
high-impact, low-predictability market outcomes like 	
the potential large load attrition described above.

A related question is whether future load growth in the 
transportation and building sectors could soak up over-
built infrastructure originally intended to serve large 	
load customers. In general, large loads are increasingly 
planned for suburban or even rural locations with inex-
pensive electricity and available transmission capacity 
(BloombergNEF, 2025); grid infrastructure buildout in 
these locations may not match the requirements of 	
distributed load growth in urban load centers.

Recommendation 4:  
Increase Certainty Through Large  
Load Financial Requirements
While the use of weighting factors and other practices 
can better reflect uncertainty in large load forecasts, it 	
is even more desirable to actively increase certainty.

Tariff, Contractual, and Regulatory 		
Measures

To date, the main method used by many utilities and 	
regulators to reduce near-term forecast uncertainty and 
back-end financial risk is to modify tariff and contract with 
new financial requirements for large loads.17 While this is 
not a load forecasting practice per se, some proponents 
for these changes argue that such requirements will 	
reduce uncertainty by increasing project commitment and 
clarifying the timing, magnitude, and profile of large load 

additions. This result would reduce the uncertainty of 
large load forecasts.

The modifications to tariff and contracts for large loads 
adapt generation interconnection practices to reduce 	
the complexity that high volumes of generation intercon-
nection requests place on technical study needs and 
queue management. For large loads, stricter terms, 	
including higher financial requirements and limitations	  
on contract modifications or exit are expected to discipline 
customer inquiries and progression through the load 	
interconnection process. This should reduce the risk of 
stranded costs due to under-utilized investments and 	
reduce the magnitude of exaggerated large load forecasts. 
For example, after approval of its new data center tariff 
rate schedule, with enhanced financial commitments and 
other requirements, AEP Ohio reported that its load inter-
connection request pipeline for data centers dropped by 
about 57%, from 30 GW to 13 GW (AEP, 2025; PUCO, 2025).

Stricter tariff and contract elements can be used to verify 
the viability of prospective new customers and reduce 	
the magnitude of under-recovered costs should large 
load customers leave the system after signing a contract 
or project energization. Regulators in several states18 	
are revising large load tariff and contract provisions to 
address at least 11 elements, including:

16	 Comparable annual electricity growth rates in the 1950s and 1960s were driven by population growth and consumer demand for new appliances  
and air conditioning more than large loads.

17	 In some cases, these changes also address on-site generation provisions. These can be relevant to large loads, particularly where the generation 		
is behind the customer meter and alters the customer’s electricity service needs.

18	 These revisions are tracked in the Smart Electric Power Alliance (SEPA) and N.C. Clean Energy Technology Center’s “DELTa: Database of Emerging 
Large Load Tariffs,” https://sepapower.org/large-load-tariffs-database/.

https://sepapower.org/large-load-tariffs-database/
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19	 Adapted from Wood Mackenzie (2025).

a.	 Demand (MW) and load factor threshold: Minimum 
thresholds above which a customer is eligible for or 
must take service under the tariff

b.	 Contract term: Minimum number of years that the 
customer must take service under the tariff

c.	 Load ramp: The number of years before full contract 
capacity can be billed, and the billing demand during 
those years

d.	 Contract modification: The terms under which the 
customer can exit or modify the electric service agree-
ment (ESA), including notice period and exit fees

e.	 Demand charge: Monthly charge per kW of billing 	
demand

f.	 Billing demand: Calculation of monthly billing demand, 
including minimum demand based on contract capacity, 
prior months’ demand, and fixed absolute minimum

g.	 Energy and reactive power charge: Per-kWh energy 
charge and per-kVAr charge for reactive power con-
sumption above a threshold

h.	 Collateral requirements: The amount of collateral 	
that must be posted and credit qualifications for an 
exemption

i.	 Interruptions and demand response: Interruptions 	
in service and requirement or prohibition of demand 
response

j.	 On-site generation: Rules around on-site generation 
that operates while connected to the grid and how 	
that generation might participate in demand response 
(excludes back-up generation, which requires site to 
be disconnected)

k. 	Utility cost recovery: How a utility recovers its costs, 
manages risk, and treats large load customers in 	
regulatory processes19

Some of these elements may reduce project uncertainty 
by increasing a customer’s short- and long-term financial 
commitment to the project, and thus could reduce financial 
risk to the utility’s other customers. Items (a), (b), (c), 	
and (j) above provide useful information for load forecast 
practices used today, while items (d) and (i) are rarely 
considered in today’s load forecasts.

As discussed in the section “Large Load Forecasting 	
Practices Today,” the customer interconnection process 
includes various customer agreements and contracts—
these vary considerably from utility to utility. Modifications 
to tariffs and contracts can improve accounting for uncer-
tainty, by requiring information needed for load forecasts 
at earlier steps in the process, increasing clarity of the 
five large load forecast metrics, and obtaining information 
about the customers’ uncertainty about the submitted 
data. The importance of requiring this information early 	
in the process, even with some expression of uncertainty, 
is particularly important for those utilities that prefer to 
defer formal contracting (ESAs) until roughly a year prior 
to energization, when both the customer and the utility 
have a clear understanding of what service is to be pro-
vided and at what cost. As these modifications improve 
information flow to the large load forecast, they should 
improve application of weighting factors and other 	
practices discussed in the prior section.

But perhaps even more important, these higher financial 
requirements often enhance a large load customer’s  
commitment to its proposed facility and may increase the 
project realization and load realization metrics in a load 
forecast.

Higher financial requirements often 		
enhance a large load customer’s commit-
ment to its proposed facility and may 	
increase the project realization and load 
realization metrics in a load forecast.

Because an inaccurate load forecast can drive a utility 	
to invest billions of dollars in potentially unneeded trans-
mission and energy production, authorities could explore 
whether a large load can be held accountable for an 	
inaccurate load forecast. Requiring customers to provide 
clear expressions of interest up front, including information 
on whether the customer is exploring alternative inter-
connection options in other locations, should improve 
utilities’ and regions’ understanding of potential future 
large load volumes and timing. It will take a decade or 
more to be certain that today’s practices have led to  
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both financial and grid reliability for tomorrow’s customers. 
Thus, while conceptually straightforward, these policies 
cannot yet be shown to have demonstrated success.

Affiliate and Gigawatt Uncertainty

Two related, emerging challenges are the large 		
concentration of large loads across affiliated sites 	
within a system or market region and the emergence 	
of gigawatt-scale facilities. According to Grid Strategies, 
about half of data center load planned for service through 
2029 is at least a gigawatt in size (Wilson et al., 2025). 	
In each of these cases, a single customer’s decision to 
cancel interconnection requests can seriously disrupt 
both the interconnection process and the transmission 
and resource planning processes.

The financial implications of such disruptions can be 	
addressed through tariff, contractual, and regulatory 	
measures, as discussed above. Interconnection study 
costs are commonly paid up-front by large load customers, 
and utilities can review their current requirements to 	
ensure that they adequately deal with the additional 
costs of revisiting work that includes load associated 	
with cancellations. Similarly, construction costs can be 
managed through financial security measures such as 
advance payment or refundable deposits.

Large load project cancellations may cause schedule 	
delays for generation and other load projects because 
they could require the utility to re-study transmission 	
and resource options to meet the rest of outstanding 	
interconnection requests. It is not clear how to manage 	
or reduce these risks.

An important emerging practice is to require prospective 
loads to disclose alternative sites under consideration, 
with several examples (e.g., Texas Senate Bill 6) dis-
cussed in the section “Large Load Forecasting Practices 
Today.” However, to use such disclosures to reduce 	
uncertainty in large load forecasts, two steps are needed. 
First, the disclosure needs to go beyond simply providing 
a list of other sites under active development, providing 
enough information about the customer’s business plans 
sufficient to understand which projects might be alterna-
tives or substitutes that could be cancelled later. Second, 
utilities and other planning authorities need to develop 
internal practices for applying such disclosures to the 

customer’s interconnection requests and across the 	
utility’s interconnection, transmission, and resource 	
planning activities.

Another emerging practice is for large load customers to 
construct on-site generation to serve their own electricity 
needs with minimal grid reliance. To date, this practice  
is concentrated among prospective gigawatt-scale data 
center customers, whose “speed to power” business 
model is challenged by the slow pace of transmission and 
generation resource development (Wilson et al., 2025). 
The PJM independent market monitor has proposed 	
that “the best way to address the uncertainty in the load 
forecast that results from new large data center loads is 
to require the loads to bring their own new generation” 
(Monitoring Analytics, 2025).

Recommendation 5:  
Reduce Uncertainty in Regional  
Large Load Forecast Practices
Many regional load forecasting authorities (such as RTOs) 
are developing guidelines or practices that utilities must 
use when submitting large load forecast data to the 	
region. ERCOT, SPP, and PJM have each made progress 
toward establishing such guidelines. A new requirement 
for customer-specific information by ERCOT provides a 
model of how a region might gather the data necessary 	
to internally align utility forecasts to create a consistent 
forecast.
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Regional authorities typically do not have access to 	
the same data as utilities that communicate directly with 
customers about interconnection requests. To overcome 
this challenge, ERCOT recently adopted a requirement 	
for transmission service providers to fill out a “Request 	
to Energize a New Standalone Large Load” form (ERCOT, 
2025c; ERCOT, 2025d). This form gives ERCOT and the 
serving transmission utility substantial customer-specific 
information needed for planning and interconnection 
analysis, consistent with ERCOT’s Network Operations 
Protocol (ERCOT, 2025e).

FERC may soon require other transmission providers 	
to implement standard guidelines, as part of the large 
load interconnection rulemaking recently initiated at the 
direction of the U.S. Department of Energy (FERC, 2025c). 
Specifically, the department argued that “it has become 
necessary to standardize interconnection procedures 	
for [large] loads, including those seeking to share a 	
point of interconnection with new or existing generation 
facilities (hybrid facilities)” (FERC, 2025b).

As regions and other multi-jurisdictional utility systems 
pursue greater standardization of interconnection 	
procedures, including information needed to inform load 
forecasts, there are some potential challenges. First, 
state regulators may direct utilities on which prospective 
loads to include in their forecasts (e.g., requiring a contract 
such as an ESA). This direction could lead to inconsistencies 
between utility forecasts and data submitted into regional 
load forecasts. While the project team did not identify 
specific examples, regional authorities may wish to monitor 
this. Second, unintentional disparities could result in the 
use of specific or similar terminology being applied to 	
different elements and practices among jurisdictions. For 
example, a letter of authorization (LOA) in one jurisdiction 
may obligate a customer for all costs including facility 
construction, but in another jurisdiction a separate 
agreement might be required for facility construction 
costs. Several project team members were aware of 	
significant differences in terminology between different 
utilities and transmission providers for similar, but not 
identical, steps in the interconnection process.

Addressing inconsistencies between utilities will be chal-
lenging for regional transmission planners and providers. 

Regions could obtain customer-specific data and obtain 
publicly sourced data. These data could be used to adjust 
the aggregated large load forecasts to compensate for 
duplicative large load interconnection requests or recent 
project delays. Such adjustments could create justifiable 
inconsistencies between the regional load forecast and 
the members’ aggregated forecasts.

While it may not be necessary to achieve full alignment 
across all load forecasting authorities in the country 	
in forecasting practices, convergence on consistency in 
terminology, classifications, and other key components 	
of large load forecasting should improve understanding 
and application of the forecasts.

Recommendation 6:  
Improve Geographical Detail
When transmission and resource planning are well 
aligned, planners can more accurately identify how large 
loads will drive requirements for transmission investments 
and changes in resource adequacy requirements. While 
the locations of contracted large loads can be included in 
a load forecast with geographical specificity, the location 
of other large loads in the forecast (e.g., based on a weighted 
percentage of prospective loads) will necessarily be more 
general. According to information reviewed by the project 
team, large load forecasts geographically characterize 
new loads at either the individual customer site for 	
projects under contract or at the system level for 		
other large load forecast data.20

Disconnects between system level and more geo- 
graphically specific zonal level forecast requirements 	
can limit the ability to plan for local reliability and 		
manage congestion effectively. Without more granular 
geographical detail, transmission planners and operators 
cannot anticipate localized constraints and ensure 		
adequate infrastructure, especially for long-term 		
transmission projects serving high-growth areas.

As discussed in the ESIG Large Loads Task Force report 
Planning for Large Load Flexibility in Resource Adequacy, 
while some utilities’ resource adequacy models utilize 	
a “copper-sheet” assumption (treating the system as a 
single, unconstrained electrical region), most utilities and 
system operators use zonal or transfer-limited models 

20	 A similar conclusion is reached in CRA (2025).
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that reflect underlying transmission constraints and 	
regional capacity deliverability. To support this approach, 
large load forecasts may need to specify zones or sub- 
regions where new loads are expected to materialize. This 
zonal resolution helps planners evaluate how large-load 
additions will affect local capacity requirements, where 
new resources may be needed, and how transmission 	
limitations could influence capacity requirements. 	
Although transmission planners may need precise nodal 
locations for interconnection studies, resource adequacy 
analyses can typically operate effectively at a broader 
zonal level. Thus locational detail about large load 	
applications is needed so large load forecasts can 	
meaningfully inform regional and system-wide 		
reliability planning.

If a transmission plan requires zonal information that 	
is not immediately available, one possible solution is for 
the planners to identify areas with and without near-term 
zonal constraints or inadequacy. The system-level large 
load forecast could then be allocated to zones on the	
assumption that new customers are more likely to select 
areas of the system with minimal constraints. In the near 
term, these considerations may be most important for 	
regional transmission planning authorities.

Recommendation 7:  
Seek Continuous Improvement 
Through Forecast Validation
Most load forecasting authorities conduct validation 
studies to improve the accuracy of load forecast methods 
and, by extension, the reliability of decisions over long-
term planning horizons. The project team understands 
that some utilities with significant data center history 
perform internal forecast validation. But the project team 
was not able to identify any published large load forecast 
validation studies, even for utilities that publish validation 
studies of the traditional component of the load forecast.

This is understandable because most utilities and regional 
planners did not make large load forecasts until 2023 	
or 2024. Often, load forecasts lack sufficient history to 
validate prior forecasts. However, by 2026 or 2027, many 
utilities will likely be in position to begin assessing, 	
validating, and learning from their past large load fore-
casts. Early validation efforts could yield near-term 	
improvements in forecasting large loads.

Better data collection and management practices are 
critical for large load forecast validation. At present, many 



FORECASTING FOR LARGE LOADS: CURRENT PRACTICES AND RECOMMENDATIONS                        ENERGY SYSTEMS INTEGRATION GROUP  45    

utilities receive information on projected load character-
istics through interconnection applications, service 	
contracts, and/or customer engagement, but these data 
may not be organized in a way that allows for systematic 
comparison to realized outcomes. Without deliberate 
tracking of these data as received, unnecessary effort 
may be required to reconstruct the data needed to  
conduct forecast validation studies.

The data requirements for future validation studies by 
utilities and regional entities would include the following 
information consistent with the large load metrics 	
discussed above:

•	 Project type, by industry sector and type

•	 Project realization outcomes, including intermediate 
milestones achieved before cancellation, for projects 
that do not achieve energization

•	 Energization dates, tracked against original customer 
projections and internal (utility) expectations

•	 Load realization, comparing actual peak demand with 
both customer-stated values and internal forecast 	
assumptions, and tracking any future changes in 	
customer contract demand and service requirements

•	 Load ramping, documenting how actual load buildout 
compares with expected schedules

•	 Load factors (and, ideally, shapes), documenting 	
how actual load factors compare with expectations

If utilities and other load forecasting authorities are not 
yet tracking and storing such information, doing so would 
enable future improvement.

Assuming data availability, the primary challenge of 	
forecast validation lies in bridging the gap between multi-
year forecast horizons and the need for timely validation to 

support decision-making. To quantify accuracy, statistical 
error metrics are useful—such as mean absolute percentage 
error (MAPE) or root mean square error (RMSE) for deter-
ministic forecasts or Brier score and continuous ranked 
probability score (CRPS) for probabilistic forecasts; 	
however, it is impractical to wait years to confirm whether 
a forecast was correct. This difficulty is compounded by 
the novelty of many large load types, which often lack 	
sufficient historical data for robust modeling and 
back-testing. As a result, validation strategies must rely 
on alternative approaches, such as scenario analysis, 
proxy data, and continuous model refinement, to ensure 
forecasts remain credible and actionable.
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Developing New Information  
Resources and Forecasting Practices

21	 Examples include ABB/Velocity Suite, Baxtel, Cleanview, S&P Global, and Yes Energy.

The prior section discussed how load forecast 	
accuracy may be improved with additional data, 
and the practices recommended are, for the most 

part, demonstrated by one or more existing load forecasts 
(as reviewed in the section “Large Load Forecasting 	
Practices Today”). In contrast, this section discusses 	
information resources and practices that could improve 
large load forecasting but are not yet in practice today. 	
In the project team’s view, building these resources and 
practices requires funding, adoption of regulations, or 
changes to organizational data-sharing policies that 	
can best be accomplished through coordination at the 
regional, national, or North American level. At least three 
potential practices need further research or institutional 
development:

•	 Data for large load forecast metrics: Linking 		
customer type and business model to granular, 	
historical, or engineering projections

•	 A maturity assessment framework for large load 
projects: Increasing consistency of weighting and 
modeling practices, especially for data centers

•	 Load flexibility standards and metrics: Determining 
methods to identify the quantity of flexible load that 
various types of large loads can provide

Load forecasting authorities and their regulators are 	
best suited to develop the appropriate standards, data 
resources, and tools to address these forecasting gaps, 
ideally in collaboration with the data center industry and 
other stakeholders. For large load forecast metrics, there 
is a clear benefit to adopting standardized information 
collection from load applicants, ideally with some data 
made available through a shared data resource. To build 

such a shared data resource, utilities and regulators 	
will need to agree to the information needs, collection 
methods, and data repository and adopt privacy practices 
that allow secure sharing of critical information related 	
to large load applications and their actual energy use.

Recommendation 8: Collect Large 
Load Forecast Data in a Shared 		
Database
As discussed in the section “Using Available Data to 	
Improve Forecast Accuracy,” current practices rely heavily 
on customer-provided data, historical utility experience, 
and very limited industry data-sharing initiatives. Few 	
utilities have sufficient historical data to assess the five 
load forecast metrics (see Figure 16, p. 33) for each type 	
of large load in their territory (e.g., data centers and 	
manufacturing facilities).

Those utilities that have sufficient historical data for large 
loads are using those data to reduce forecast uncertainty. 
But other utilities must handle large-scale load intercon-
nection requests without access to such historical data. 
There are two ways for them to obtain it: wait several 
years until they gain experience or obtain it from a national 
data source. As previously noted, most load forecast 	
authorities are not sharing data or assumptions; inde- 
pendent large load forecasts are not yet available from 	
a research organization, although commercial vendors 
publish estimated load and energization date for data 
centers and some other types of large load projects.21

One potential solution is for national research organizations 
to support the development of a framework for aggregating 
anonymized customer data, enabling the creation of a 
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comprehensive data library for many types of large loads. 
Despite the promise of this approach, significant barriers 
exist, including stringent customer privacy requirements 
and legal complexities associated with data sharing. The 
project team’s understanding is that EPRI has made the 
most progress to date in assembling large load data. It 
would be helpful for regulators, utilities, and large load 
customers to support continued work collecting data and 
building large load models, with the expectation that 
those resources will be available to utilities and other 
power industry planning authorities.

A large load database could inform the development and 
adoption of consistent classifications of large load types, 
as discussed in the section “Using Available Data to Im-
prove Forecast Accuracy.” Large load type classifications 
should reflect load forecast metrics for actual facilities 
with relatively similar load forecast metrics and common 
characteristics such as size, business model, and— 
where relevant—geographical, seasonal, or weather  
characteristics that are important for applying the data  
in other conditions. On-site generation may not affect 
large load classifications but will affect how those  
loads are treated in utility planning.

A database could solicit data for the five large load 	
forecast metrics (see Figure 16, p. 33). Developing clear 
and consistent data specifications for these five metrics 
will likely require some iteration with participating utilities. 
Assembling the data will also require attention to customer 
privacy regulations and concerns, so that the data 	
supplied and stored in the database do not reveal specific 
facility business practices. Ultimately, such a database 
could include average load forecast metrics for dozens 	
of large load types, as well as measures of variability 	
such as standard deviation.

Of the five metrics, load shape may be the most difficult 
to accurately determine and, hence, starting more simply 
with load factors would be easier though less informative 
for resource planning. Enhancing the load factor metric to 
a load shape metric requires more complex specifications 
and practices; load shapes need to be described in terms 
of weather conditions, climate sensitivity, and any use of 
multi-year averaging periods. Load shapes are also likely 
to be the most sensitive metric from a customer-privacy 
perspective, and sharing this information will be easier if 

data-sharing practices have already been developed 	
for less complex and sensitive measures.

The process of building and updating the database would 
help create common definitions that evaluators can use 
to compare performance across different models and 
methodologies. Collaboration on this database could 	
also elevate best practices and improvements, reduce 
duplication of effort, and accelerate the development of 
robust validation techniques to improve forecast depth, 
accuracy, and credibility. 

The process of building and updating 	
a large load database would help create 
common definitions that evaluators 		
can use to compare performance across 	
different models and methodologies. 	
Collaboration on this database could also 
elevate best practices and improvements, 
reduce duplication of effort, and 		
accelerate the development of robust 	
validation techniques to improve forecast 
depth, accuracy, and credibility.
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Recommendation 9: 				  
Apply Consistent Load-Weighting 	
and Modeling Practices
Load forecasts can also be improved by enhancing and 
standardizing load-weighting and modeling practices. As 
illustrated through the project team’s existing practices, 
research, utility, and regional load forecasting authorities 
apply professional judgment to data from customer load 
requests to create load forecasts. As discussed in the 
section “Large Load Forecasting Practices Today,” those 
professional judgment practices vary widely across large 
load forecasts, as with whether to discount pre-contract 
large load interconnection applications (Archetype 2) 	
or only include contracted load (Archetype 1).

Not every utility’s circumstances and load applicants 	
are the same, so some variation in large load forecasting 
practices is to be expected. But the extent of this variation 
indicates that the industry has not standardized around 	
a set of effective practices. In contrast, traditional long-
term forecasting practices have converged on a set of 
consistent statistical and econometric practices across 
the industry.

NERC’s preliminary draft reliability guideline for large loads 
includes a recommendation that Transmission Planners 
and Planning Coordinators (as defined by NERC) establish 
a large load maturity assessment framework that defines 
the different phases of a large load request’s lifecycle using 
clear criteria. NERC’s draft suggests that the following 
project milestones could be included in the maturity 	
assessment (NERC, 2025b):

•	 Data-sharing agreements

•	 Interconnection agreements

•	 Financial security posted

•	 Proof of site control

•	 Construction status

•	 Development permit status

•	 Environmental permit

•	 Land status

•	 Procured equipment

As noted in “Large Load Forecasting Practices Today,” 
some load forecasts already use similar milestones 	
to apply weighting factors to large loads in their 		
interconnection pipelines.

NERC’s draft guideline explains that if large load intercon-
nection requests are not reflected in long-term planning 
models, that can make the bulk power system less reliable 
because transmission planning assessments and studies 
won’t reflect future loads and energy needs. Within utility 
and regional planning organizations, different departments 
handle generator interconnection, transmission upgrades, 
and resource adequacy planning using mismatched plan-
ning cycles, so they need to align the various departments’ 
understanding of large load project attributes and timing 
(NERC, 2025b). Interdepartmental coordination is not a 
new load forecasting challenge, but the pace and scale 	
of large load projects now places greater demands on 
that coordination to ensure alignment around updated 
information from the large load forecast. 

As NERC suggests, using a common a maturity assessment 
framework would help all departments align around a 
common understanding of large load project status,	  
improve the assumptions and data treatment used for 
large load project modeling and infrastructure planning, 
and mitigate some of the risks posed by inaccurate long-
term forecasts (NERC, 2025b). In Box 6 a model maturity 
assessment framework for capital cost estimating is 
shown. While there are differences between assessing 
the maturity of an internal capital project and a prospective 
project from a customer, a large load project maturity 	
assessment framework could follow a similar practice. 	
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B OX  6
A Model for Large Load Maturity Assessment 

AACE International’s Cost Estimate Classification System 
links project maturity to expected accuracy ranges. Early- 
stage projects (Class 5) have wide accuracy bands, while 
fully defined projects (Class 1) have narrower ranges. This 
framework provides a model for applying maturity-based 
accuracy ranges to the five large load forecasting metrics.

Source: AACE International (2020). © 2020 AACE International,  
all rights reserved.

F I G U R E  2 0
AACE International’s Accuracy Ranges 
for Cost Estimates, by Maturity Matrix 
Classification

The Association for the Advancement of Cost Engi-
neering’s Cost Estimate Classification System offers 
a potential model for a maturity assessment frame-
work (AACE International, 2020) (Figure 20). This 
classification system identifies projects with the 	
lowest level of project scope definition as “Class 5,” 
and projects with the highest level of project 	
scope definition are “Class 1.” Project maturity can 	
be thought of as the completeness of a project’s 
definition. However, a project definition includes 
many deliverables that vary based on a project’s 	
characteristics, so assessing completeness is not 
straightforward. The project maturity determines 		
the estimate class, which yields an expected	  
accuracy range for its cost estimate.

A project maturity matrix is used to assign scores 	
for whether various types of general project data are 
preliminary or defined and whether key deliverables 
are started, preliminary, or complete. AACE Inter- 
national has published recommended practices 	
that identify the correspondence between those 
classifications and the expected components of 
many types of projects, including power transmission 
lines and associated infrastructure projects (AACE 
International, 2020).

For example, a large load project at a Class 5 level of 	
maturity might be a simple customer inquiry with informa-
tion about location and general load requirements, while	  
a Class 1 level of maturity might require a fully engineered 
site plan, full contracting, and a signed ESA.

A large load maturity matrix and assessment could 	
indicate expected accuracy ranges for the project’s five 
load forecast metrics (project realization, load realization, 
energization date, load ramping, and load factor or load 
shape). To deliver an equivalent rigor of practice as the 

AACE recommended practices, such a framework would 
need to be informed by data from utility experience 	
with large load interconnection requests, as might be 
constructed in the forecast metric database described 	
in Recommendation 8.

Recommendation 10: Adopt Forecast 
Standards for Load Flexibility
As is discussed in further detail in the ESIG Large Loads 
Task Force report Planning for Large Load Flexibility in 	
Resource Adequacy,22 there is substantial opportunity 	

22	 See https://www.esig.energy/large-loads-task-force.
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23	 Note: This report focuses on mid- and long-term load forecasts. Short-term forecasting for operational purposes is covered in the ESIG Large Loads 
Task Force report Wholesale Market Design and Operations for Systems with Large Loads: Current Practices and Recommendations.

24	 For PJM, “utilities” refers to Load Serving Entities and/or Electric Distribution Companies. See https://www.pjm.com/committees-and-groups/cifp-lla.

25	 The StarFLEXTM standard. EPRI, presentation by Anuja Ratnayake to the ESIG Large Loads Workshop (October 30, 2025).

26	 Other metrics would not be applicable. For example, the level of voltage support from a data center to the grid during disturbances is not considered 
in a long-term load forecast.

for regulators and utilities to use load flexibility to 	
meet reliability, affordability, and economic development 
objectives serving new customer load requests (Norris et 
al., 2025). For these reasons, load flexibility is increasingly 
being considered as a requirement for new large loads 	
to connect to the grid.23

•	 Texas’s Senate Bill 6 directs ERCOT to develop a 	
reliability service to competitively procure demand 	
reductions from large load customers with a demand 	
of at least 75 MW, to be deployed in the event of an 	
anticipated emergency condition. This program is not 
expected to provide flexibility that reduces the need 
for generation resources and transmission upgrades 
(Aslam et al., 2025).

•	 PJM is targeting a December 2025 filing of reliability- 
focused solutions to ensure that large load additions 
can continue to be integrated rapidly and reliably, 	
without causing resource shortages and while 		
recognizing jurisdictional boundaries and data 		
center relationships with existing utilities.24

•	 SPP has proposed the Conditional High Impact Large 
Load Service (CHILLS) framework. CHILLS would offer 
an expedited 90-day interconnection study leading 	
to five years of interruptible (i.e., deferred upgrade) 
transmission service in exchange for agreed 		
curtailment rights.

•	 In an Oregon Public Utility Commission proceeding 	
covering a range of large load issues, an administrative 
law judge found that the opportunity for load flexibility 
is “entwined” with topics such as the need for a data 
center rate class, a load-following rate, and cost 	
allocation studies (Oregon PUC, 2025).

The project team has not included load flexibility as one 
of the five large load forecast metrics. While the concept 
is sound, there are substantial challenges to defining 	
a load flexibility metric that would be included in a load 
forecast for the purpose of planning transmission and 
generation resources.

Defining Load Flexibility

Load flexibility spans a range of technologies and 	
practices. In the context of large loads, it can refer to 	
both load reduction and the use of on-site storage or 
generation resources to reduce the net load required 	
by a large load customer. It is not yet clear how large 	
loads will develop and use load flexibility capabilities. 

The EPRI DCFlex project has drafted a standard with 	
five tiers of load flexibility services:25

•	 Supports grid during disturbances

•	 Self-serves during transmission outages

•	 Supports grid during peak stress

•	 Provides fast or long flexible response

•	 Acts like dispatchable capacity

Some of the metrics that emerge from the development 	
of such a standard could be used in a large load forecast.26 
Dispatchable capacity would be measured in familiar 
terms of size (megawatts), speed, and duration. Quantify-

https://www.pjm.com/committees-and-groups/cifp-lla
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ing the capability of a large load project to support the 
grid during peak stress will require clarity on the severity 
of the grid stress event and the duration of support 	
needed, much like the demand response metrics being 
considered in either a load forecast or a resource plan.

During a discussion on load flexibility at the October 2025 
ESIG Large Loads Workshop, panelists generally agreed 
that load flexibility programs must be designed to match 
large load participants’ motivation. For data centers, this 
is generally understood to mean that “speed to power” 

(faster interconnection to the grid) is offered in exchange 
for a binding commitment to provide some form of load 
flexibility that supports grid reliability.

Voluntary Efforts to Enable Load 		
Flexibility for Data Centers

Utilities and regional grid operators generally have little 
experience with load flexibility from large data centers. 	
A notable exception is the demonstrated electricity price 
response from some large loads in ERCOT, but those 	
are highly price-sensitive loads like crypto miners rather 
than large data centers. Yet even ERCOT has found that 
“forecasting flexible behavior is difficult” (Springer, 2024). 
Addressing this gap are a variety of collaborative and 	
individual efforts to develop policies, practices, and 	
technologies to advance data center load flexibility. 

EPRI’s program to develop practices and policies to 	
advance data center load flexibility, as shown in Figure 21, 
has high visibility and involves the collaboration of 	
data center companies and utilities.

F I G U R E  2 1
EPRI DCFlex Program Overview

EPRI’s Data Center Flexibility (DCFlex) program aims to develop standardized methods for evaluating and implementing load 	
flexibility at large data centers. The figure summarizes the program’s collaborative framework among utilities, data center operators, 
and research partners, highlighting efforts to define metrics, pilot demonstrations, and quantify flexibility potential for grid support.

Source: A. Ratnayake’s presentation to the ESIG Large Loads Workshop, October 30, 2025.

Load flexibility programs need to align 	
with large load participants’ motivation. 
For data centers, this is generally under-
stood to mean that “speed to power” 
(faster interconnection to the grid) is 	
offered in exchange for a commitment 	
to provide some form of load flexibility 
that supports grid reliability.
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A wide variety of efforts are under way to secure 		
data center participation in long-term, guaranteed load 
flexibility programs using on-site storage, generation, 	
and load management. Some examples include:

•	 Traditional demand response: At least one data 	
center is participating in California’s Base Interruptible 
Power (BIP) program (Enchanted Rock, 2023). The BIP 
program is an emergency demand response program 
with events triggered by CAISO or local system 	
emergencies.

•	 Software for load curtailment: Work is progressing 
on software-based data center demand flexibility 	
programs. For example, Emerald AI’s Phoenix, Arizona, 
pilot project recently studied load curtailment of up 	
to 50%, and additional demonstrations are reportedly 
in progress (Colangelo et al., 2025; Vaidhynathan 	
et al., 2025).

•	 On-site battery storage: In principle, storage could be 
used to meet short- or long-term load flexibility needs. 
Current projects are designed to respond to relatively 
short (e.g., two-hour) power back-up needs, not longer 
curtailments. Verrus is building data centers with four 
hours of 70 MW battery storage demand response 	
capability for load curtailment in excess of 50% with-
out impacting data center operations, with operation 
forecast for late 2026 (Vaidhynathan et al., 2025;	  
Giacobone, 2025). Tesla has installed battery storage 
and other behind- and in-front-of-the-meter resources 	
to “shape” load and provide grid capacity at its data 
centers (Tesla, 2025). 

•	 On-site generation: Data centers are increasingly 
turning to on-site generation, but only some types 	
of on-site generation can contribute to load flexibility. 
Back-up generation is necessary to meet the customer’s 
high operational reliability needs, but the use of natural 
gas or diesel generators is often constrained by air- 
permitting requirements, so these are unlikely to be 
used for load flexibility. Larger gas-fired generation 
units, installed behind- or in-front-of-the-meter, are 
being deployed at several data centers, and these 
could either provide grid-dispatchable power or 	
effectively remove a portion of a data center’s 		
load from the grid at most times.27

Generally speaking, the intent of these efforts is to more 
rapidly integrate new loads and reduce capital costs while 
meeting reliability and other grid needs.

The Challenge of Developing a Load 		
Flexibility Metric for Large Load Forecasts

Large load forecasts reviewed by the project team do 	
not explicitly account for demand flexibility as a way 	
to permanently reduce large load peak demand and infra-
structure needs. The project team appreciates that infor-
mation on flexibility may not be reliable at early stages 	
of project development. But if flexibility information is 	
not considered in planning until after the project is fully 
ramped up to its expected level of demand, it will be 	
too late to modify the project’s utility infrastructure 	
requirements.

It is not strictly necessary for load flexibility to be included 
in a load forecast. Information about load flexibility may 
be shared directly with transmission planning and generation 
planning staff. However, this approach risks significant 
inconsistency in how load flexibility is considered, 	
and customer privacy considerations may make this 	
impractical for regional planning purposes.

Whether used in a load forecast or in resource planning, 
the development of a load flexibility metric (or likely, a 	
set of metrics) is likely to build upon prevailing practices 
for demand response programs (Carvallo and Schwartz, 
2023). Demand response metrics usually include 		
(a) measures of verified demand response program  
effectiveness, and (b) forecast program enrollment. 

27	 The project team understands that most data center owners would prefer not to have organizational responsibility for, and direct financial ties to, 
their own grid-scale generation units. Also, most on-site generation includes plans to fully connect the data center to the grid for both operational 
reliability and to provide power when the on-site generation is under maintenance.

If flexibility information is not considered 
in planning until after the project is 		
fully ramped up to its expected level 	
of demand, it will be too late to modify 	
the project’s utility infrastructure 		
requirements.



FORECASTING FOR LARGE LOADS: CURRENT PRACTICES AND RECOMMENDATIONS                        ENERGY SYSTEMS INTEGRATION GROUP  53    

28	 Among the few examples of load flexibility being widely included in load forecasts are price-responsive rates for large customers and rates for 	
managed electric vehicle charging.

29	 The energy cost associated with a data center can be less than 10% of its total capital plus energy costs (Cottier et al., 2025). Even during peak 	
pricing hours, energy costs are very low compared to the potential for foregone data center revenue. Businesses expect to recover depreciation 	
(and profit on) their investments. Data center servers can depreciate in three to seven years, which creates pressure to generate revenue in virtually 
every possible hour, given their high investment cost—particularly that for AI computers (ITSco, 2025; Stream Data Centers, 2025). Note that the 	
data center facility (building and major infrastructure) is often estimated to have a lifetime of 30 years.

30	 Very similar factors challenge the application of load flexibility to hydrogen production facilities. The project team did not explore this technology 		
in depth.

Defining load flexibility metrics using concepts related 	
to price-based demand response is probably not helpful 
for load forecasts. According to LBNL, best practice 	
treatment of price-based demand response follows 	
five principles, one of which is that price-based demand 
response “be treated as a resource by creating supply 
curves with a diverse set of rate options, and not as 	
load reduction in the load forecast used in the capacity 
expansion model” (Carvallo and Schwartz, 2023).28 The 
impact of price-responsive demand in large load fore-
casts may be limited because the value of data center  
operations (with fast performance requirements and short 
equipment depreciation rates) substantially exceeds the 
economic value of potential demand response revenues.29 

For most other types of large loads (e.g., industrial, 	
manufacturing, and mining), information reviewed by 	
the project team suggests that standard practices for 
considering load flexibility in forecasts and planning 	
models will be sufficient. Depending on the load flexibility 
programs offered by the utility and the new large loads’ 
eligibility, applying load flexibility to these non-data- 
center customers should be straightforward if program 

enrollment can be forecast projected with reasonable 
certainty.

For data center customers, however, the challenges of 
projecting program enrollment and measuring program 
effectiveness will be heightened, for three reasons:30 

•	 As discussed above, there is very little experience, 
much less verification, of load flexibility response 	
for large data centers, with the exception of the 
demonstrated electricity price response from highly 
price-sensitive industrial and crypto mining loads 	
in ERCOT.

•	 Data center load forecasts remain highly uncertain, 
compounding the uncertainty regarding potential 	
data center demand flexibility resources. 

•	 For multi-tenant data centers, contract terms between 
the data center operator and its tenants may constrain 
options for providing load flexibility. For example, 	
some tenants may not have options to shift computing 
workload to another data center, particularly for the 
highest-sensitivity computing services.		
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Conclusion

This ESIG Large Loads Task Force investigation 	
into load forecasting concludes that there is both 		
 need and an opportunity to reduce uncertainty 

and improve accuracy in forecasting future large load 
peak electricity demand and energy needs. Forecasting 
inaccuracies can yield inefficient transmission and 	
resource planning or leave utilities unprepared to serve 
new customers. The massive scale of anticipated large 
load growth—for individual facilities and collectively 	
within and across regions—increases the reliability 	
and financial consequences of load forecast errors. 

Current large load forecasting methods lack transparency 
and can vary significantly between utilities, regions, and 
forecast purposes. Different types of large loads have 	
different development patterns and paces. Gaps in data 
availability and large load history make forecasting even 
more difficult. Therefore, many load forecasts use weight-
ing methods and thresholds to evaluate and discount 	
prospective large loads.

Data center electricity demand is particularly difficult 	
to forecast because the facilities are large and have 	
numerous characteristics that increase uncertainty. 
These characteristics include that: 

•	 Developers are proposing many large data centers, 	
and both individual and aggregate projects will have 
significant impacts upon the grid.

•	 Many proposed data centers could be delayed or 	
cancelled if other data centers under development 	
by the same company move forward.

•	 Data center electricity load shapes are new and 	
evolving, and currently not well defined, so their load 
can be difficult to predict and serve with reliable 	
grid infrastructure and operations.

•	 Many data center applications contain limited 		
engineering detail despite the fact that they seek 	
very fast interconnection to the grid.

Current load forecasts do not have much geographical 
detail or treatment of load flexibility, which is increasingly 
considered as a means to expedite grid interconnection 
of large loads. Since the primary objective of load forecasts 
is to inform transmission and resource planning, these 
gaps reduce the value that forecasts can provide to these 
downstream processes. 

Some utility rate tariff reforms are helping to reduce load 
forecast uncertainty by imposing significant financial 	
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requirements from the beginning of the project devel-	
opment process. But because so many large loads have 
huge financial resources, such reforms by themselves 	
are unlikely to remove all major uncertainties.

Based on these findings, the task force offers 10 		
recommendations to improve large load forecasting.

Recommendation 1: Use all five large load metrics to 
create a large load forecast. A well-structured large load 
forecast will clearly describe and use the five large load 
metrics (project realization, energization date, load 	
realization, load ramping, and load factor or load shape) 
(Figure 16, p. 33).

Recommendation 2: Develop a consistent framework 
to differentiate among types of large loads. A large 
load classification system can help to consistently identi-
fy large load types across a forecast. A database of large 
load forecast metrics, as discussed in Recommendation 
8, could inform such a load classification system.

Recommendation 3: Account for uncertainty. 		
Optimal planning of utility transmission and generation 
investments means accounting for uncertainty in both 
front-end and back-end risk. Front-end risk refers to 	
uncertainty in the quantity and timing of infrastructure 
needed to serve new large loads. Back-end risks center on 
whether the infrastructure and investments built to serve 
new loads will remain needed and used. However, many 
large load forecasts do not currently address back-end 
risks and overlook attrition or systemic risk of customers 
reducing or cancelling service. This omission could lead to 
inefficient or excessive utility or regional infrastructure 
investments.

Recommendation 4: Increase certainty through large 
load financial requirements. The main method used 	
to reduce near-term uncertainty is to modify tariff and 
contract requirements for large loads, such as by requiring 
various forms of financial commitments and security from 
the applicant. Disclosure requirements and the increasing 
practice of customer-sited generation are emerging 	
practices to reduce uncertainty regarding the host 	
system’s financial risks.

Recommendation 5: Reduce uncertainty in regional 
large load forecast practices. Consistent with Recom-
mendations 2 and 8, continuing standardization by 	
regional transmission authorities and FERC for submis-
sion and evaluation of customer-supplied information 	
will help improve accuracy of large load forecasts.

Recommendation 6: Improve geographical detail. 
Large load forecasts may need to incorporate infor- 
mation on large load projects’ geographical locations 	
by geographical zones or subregions and determine how 
to geographically allocate future large loads for planning 
purposes. This is particularly important for regional 	
transmission planning authorities.

Recommendation 7: Seek continuous improvement 
through forecast validation. As large load forecasting 
evolves and more information becomes available about 
the actual performance of large loads connected to the 
grid, it will be helpful to use this information to validate 
and improve future large load forecasting models and 
methods.

Recommendation 8: Collect large load forecast data 	
in a shared database. Nearly every large utility needs 	
access to historical data for each type of large load, but 
most utilities lack large load experience and historical 
data. Establishing such a database will require a develop-
ing a framework for obtaining, managing, and protecting 
anonymized customer data; categorizing those data 	
by large load type (Recommendation 2); and creating 
specifications for each large load metric.

Recommendation 9: Apply consistent load-weighting 
and modeling practices. Creating and applying a project 
maturity framework would define the phases of a project’s 
development path and use them for consistent load- 
weighting and modeling practices in large load forecasts.

Recommendation 10: Adopt forecast standards for 
load flexibility. As large load flexibility options evolve, 
large load forecasts could include load flexibility among 
the metrics and treat it consistently across all planning 
activities.
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