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Load forecasting for large loads – focusing on data centers and manufacturing – in support of 
reliability, affordability, and security
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Key Reference Materials for Decision-Makers
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These documents provide a balanced, robust, well-evidenced knowledge base on large loads

Background & Context Load Forecasting Analysis  Sector Specific Analysis
The Brattle Group, Electricity Demand 
Growth and Forecasting in a Time of 
Change, May 2024
• Excellent historical background on 

load forecasting and load growth
• Using historic examples, illustrates 

the risks associated with over- and 
under forecasting load growth

The Rocky Mountain Institute, Get a 
Load of This: Regulatory solutions to 
enable better forecasting of large loads, 
February 2025
• Broad treatment of different types of 

load forecasting, including data 
centers and manufacturing

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

Lawrence Berkeley National Lab, 2024 
United States Data Center Energy Usage 
Report, December 2024
• Comprehensive modeling and 

analysis of historic data center loads 
and the potential range of future 
loads

• Relatively technical, but still 
accessible

• Want to go deeper? Read these: 
• “To better understand AI’s growing energy 

use, analysts need a data revolution”
• Datacenter Anatomy Part 1: Electrical 

Systems; Datacenter Anatomy Part 2 – 
Cooling Systems; AI Datacenter Energy 
Dilemma – Race for AI Datacenter Space 

EPRI, Reindustrialization, 
Decarbonization, and Prospects for 
Demand Growth, July 2023
• Offers useful geographic and 

subsector-specific information for 
new US manufacturing electricity 
demand

• Be aware: EV & battery 
manufacturing onshoring were 
projected to be the largest growth 
sectors, and current policy and 
potential legislation may 
negatively impact these plans

GridStrategies, Strategic 
Industries Surging: Driving 
US Power Demand, 
December 2024
• Outstanding breadth of 

coverage, with 
insightful analysis

• If you can only read 
one document, read 
this one

The American Clean 
Power Association, US 
National Power Demand 
Study, March 2025
• Completed by S&P 

Global Commodity 
Insights, this is an 
expansive and detailed 
analysis of generation 
demand

• Excellent regional 
coverage at the RTO / 
ISO level

https://www.brattle.com/wp-content/uploads/2024/05/Electricity-Demand-Growth-and-Forecasting-in-a-Time-of-Change-1.pdf
https://www.brattle.com/wp-content/uploads/2024/05/Electricity-Demand-Growth-and-Forecasting-in-a-Time-of-Change-1.pdf
https://www.brattle.com/wp-content/uploads/2024/05/Electricity-Demand-Growth-and-Forecasting-in-a-Time-of-Change-1.pdf
https://rmi.org/insight/get-a-load-of-this/
https://rmi.org/insight/get-a-load-of-this/
https://rmi.org/insight/get-a-load-of-this/
https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report.pdf
https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report.pdf
https://eta-publications.lbl.gov/sites/default/files/2024-12/lbnl-2024-united-states-data-center-energy-usage-report.pdf
https://www.cell.com/joule/abstract/S2542-4351(24)00347-7?uuid=uuid%3Aaa1267e4-19f1-41b7-abba-3a4025cccc3e
https://www.cell.com/joule/abstract/S2542-4351(24)00347-7?uuid=uuid%3Aaa1267e4-19f1-41b7-abba-3a4025cccc3e
https://semianalysis.com/2024/10/14/datacenter-anatomy-part-1-electrical/#the-electrical-system-of-a-datacenter
https://semianalysis.com/2024/10/14/datacenter-anatomy-part-1-electrical/#the-electrical-system-of-a-datacenter
https://semianalysis.com/2025/02/13/datacenter-anatomy-part-2-cooling-systems/
https://semianalysis.com/2025/02/13/datacenter-anatomy-part-2-cooling-systems/
https://semianalysis.com/2024/03/13/ai-datacenter-energy-dilemma-race/#gigawatt-dreams-and-matroyshka-brains-limited-by-datacenters-not-chips
https://semianalysis.com/2024/03/13/ai-datacenter-energy-dilemma-race/#gigawatt-dreams-and-matroyshka-brains-limited-by-datacenters-not-chips
https://www.epri.com/research/products/000000003002027930
https://www.epri.com/research/products/000000003002027930
https://www.epri.com/research/products/000000003002027930
https://gridstrategiesllc.com/wp-content/uploads/National-Load-Growth-Report-2024.pdf
https://gridstrategiesllc.com/wp-content/uploads/National-Load-Growth-Report-2024.pdf
https://gridstrategiesllc.com/wp-content/uploads/National-Load-Growth-Report-2024.pdf
https://cleanpower.org/wp-content/uploads/gateway/2025/03/US_National_Power_Demand_Study_2025_FINAL-REPORT.pdf
https://cleanpower.org/wp-content/uploads/gateway/2025/03/US_National_Power_Demand_Study_2025_FINAL-REPORT.pdf
https://cleanpower.org/wp-content/uploads/gateway/2025/03/US_National_Power_Demand_Study_2025_FINAL-REPORT.pdf


Large Loads Comes in Different Sizes & Shapes
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Data center (and manufacturing) loads present significant uncertainty in the near- to mid-term

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

• The overall level of uncertainty 
associated with their forecasts

• Their ability to easily move load to 
different geographies 

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

• Varying levels of overall demand 
and ramp rates

• Differing operating characteristics
• Unlike other sources of bulk demand, 

such as manufacturing and hydrogen, 
data center demand is: 

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

• Relatively less sensitive to federal 
policy changes

Key Load Forecasting Characteristics, by Sector
(Source: RMI)

Near-Term Load Drivers
(Source: RMI)

https://rmi.org/insight/get-a-load-of-this/
https://rmi.org/insight/get-a-load-of-this/


Wide Range of Data Center Growth Trajectories
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While the uncertainty bands are wide, even “low” data center growth is highly material

Historic and Projected Total US Data Center Load
(Source: LBNL)

• While data centers have been around for 
decades, several new factors are driving 
steep load growth, including: 

• Significantly higher power 
requirements for AI GPUs 

• Large growth in number of AI GPUs
• Higher utilization of AI GPUs 

relatively to historic processors 
• The spread in the load forecast estimates 

is driven by many factors with 
uncertainty, including:

• Quantities and type of future 
equipment shipments 

• Operating practices & system 
utilization

• Cooling system type & efficiency
• To evaluate data center load growth, 

consider the following:
• Is it a top-down or bottom-up 

analysis?
• Are the inputs and model 

transparent? 

Range of Data Center Forecasts
(Source: LBNL; edited by EPE for clarity)

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


Understanding Data Center Growth in Four Charts
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Aggregate average power draw of various server types across each analysis year
(Source: LBNL, Figure 3.7) 

Operational time of servers by server type 
(Source: LBNL, Figure 3.6)

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

GPU shipments (right)
(Source: LBNL, Figure 3.9) 

Server annual electricity usage by type
(Source: LBNL, Figure 5.1)  

Server utilization is 
increasing with AI 

AI GPUs use 
significantly more 
energy  

The number of installed 
AI services is growing 

significantly 

Combined, these three 
factors lead to dramatic 
increases in overall data 

center demand 

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


Data Center Demand Is Concentrated and Diverse
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Location, location, location. “Data center” is a broad term, and the details matter.

Location & Size of Operating & Planned US Data Centers
(Source: S&P Global Market Intelligence 451 Research)

Data Center Type for Largest US Data Center Regions
(Source: S&P Global Market Intelligence 451 Research)

 
While relatively 
dispersed, data center 
loads are also highly 
concentrated in certain 
states, like Texas, 
Virginia, Oregon, 
California, and Georgia. 
 
 
 
 
 
 
 
 

But the composition of 
those data center loads 

are diverse, which leads 
to different policies and 

forecasting needs.

https://www.capitaliq.spglobal.com/apisv3/spg-webplatform-core/news/article?id=88988825&KeyProductLinkType=58&utm_source=MIAlerts&utm_medium=realtime-minewsresearch-newsfeature-energy%20and%20utilities-the%20daily%20dose&utm_campaign=Alert_Email
https://www.capitaliq.spglobal.com/apisv3/spg-webplatform-core/news/article?id=88988825&KeyProductLinkType=58&utm_source=MIAlerts&utm_medium=realtime-minewsresearch-newsfeature-energy%20and%20utilities-the%20daily%20dose&utm_campaign=Alert_Email


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

Announced EV & Battery Facilities (as of 3/2023)
(Source: EPRI)

Peak Load Impact (MW) from New Onshored Manufacturing
(Source: Brattle, citing EPRI)

https://www.epri.com/research/products/000000003002027930
https://www.brattle.com/wp-content/uploads/2024/05/Electricity-Demand-Growth-and-Forecasting-in-a-Time-of-Change-1.pdf
https://www.epri.com/research/products/000000003002027930


ISO/RTO Data Center Load Forecasting Approaches
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Conceptually, many ISOs/RTOs follow a similar approach – but the details matter! 

ERCOT’s HB5066 Load Forecasting Process
(Source: ESIG Large Loads Task Force presentation)

PJM Process for Incorporating Data Center Load into the Load Forecast
(Source: ESIG Large Loads Task Force presentation)

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

Officer Attested
load category, and thus 

it cannot evaluate or 
validate the 

characteristics of the 
load or its uncertainties

PJM required those requesting a large load adjustment to complete a 
detailed data template starting in 2024 to receive data needed in a 
more uniform manner, including: (1) description of load, (2) monthly 

peak forecast, (3) historical hourly loads, and (4) hourly shape by month 
weekday/weekend if no history (if possible)



ISO/RTO Data Center Load Forecasting Approaches
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Several RTO/ISO approaches leverage some form of derating of data center loads
ERCOT

(Source: ESIG Large Loads Task Force presentation)

MISO
(Source: ESIG Large Loads Task Force presentation)

PJM
(Source: ESIG Large Loads Task Force presentation)

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

https://www.energy.ca.gov/sites/default/files/2024-12/Data_Center_Forecast_Update_ada.pdf


State-of-the-Industry in Data Center Forecasting
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Overall, there is “no consensus” among utilities; practices and forecasting methods vary widely

Trends Regarding Utility Data Center Load Forecasting
(Source: EPRI)

https://www.epri.com/research/products/000000003002027930


State-of-the-Industry in Data Center Forecasting
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Overall, there is “no consensus” among utilities; practices and forecasting methods vary widely

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

https://www.epri.com/research/products/000000003002027930


State-of-the-Industry in Data Center Forecasting
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Examples of more complex utility data center load modeling approaches designed to better 
address uncertainty

Southwest Utility Example
(Source: ESIG Large Loads Task Force presentation)

Southeast Utility Example
(Source: ESIG Large Loads Task Force presentation)

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

The “Matrix Score” 
concept is designed to 

reflect uncertainty 
across multiple 

dimensions, such as 
energy infrastructure, 

client construction, 
development permits, 
land acquisition, and 

other intelligence. 

The input 
parameters that 

feed the simulation 
are determined via a 
combination of data 
analysis and expert 

judgement.

Transparent inclusion 
of historical data 

compares the actual 
data against past 

forecasts.

Inclusion of 
confidential customer 
intelligence provides 

unique insights that can 
help calibrate a 

forecast.

https://www.scc.virginia.gov/docketsearch/DOCS/7%25wk01!.PDF
https://www.dominionenergy.com/-/media/pdfs/global/company/2023-va-integrated-resource-plan.pdf?rev=ef1a3f88f0704539968b6d9d86444bde


Bottom-up Data Center Modeling: The Gold Standard?

14

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

Flow chart for the data center electricity model used in LBNL study
(Source: LBNL; Figure 2.1) 

This model requires 
significant resources to 
develop and operate, 
including:
• Third party data purchases
• Multiple sub-models and 

simulation engines 
• Access to industry experts

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


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

• What assumptions did you make in your modeling?
• Did you derate the load capacity requests? If so, by how much, and what data did you use to inform your derating?  
• How did you incorporate the load’s ramp rate? 
• If you conducted simulations, what assumptions formed the basis for the parameters you used? 

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



Actions States Can Take
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• Public utility commissions can:
• Provide clear guidance to regulated utilities regarding the information and data sources they use to develop their 

large load forecasts 
• Consider implementing the use of data collection templates to standardize data collection 
• Require reporting on forecasting methods (including data inputs, modeling methods, and data outputs), changes to 

forecast methods over time, and forecasting error (compared to actuals), an explanation of the likely sources of 
difference, and what steps can be taken to reduce future error 

• State energy offices, utility consumer advocates and other stakeholders can: 
• Collaborate with staff and officials in jurisdictions where large load forecasting practices are well 

established and validated to learn best practices 
• Build trust and understanding by setting up individual meetings with utilities to understand the details of 

their large load forecasting methodologies, the data sources they use, the improvements they’ve made 
over the years, the biggest challenges they face, and how they are planning to address these challenges  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