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About This Report 

A significant increase in computational resources used for artificial intelligence (AI) training 
and inference has enabled rapid advances in the capabilities of AI models and their widespread 
use. The resulting demand for AI data centers is already posing challenges for U.S. data center 
construction, primarily because it is difficult to find and access reliable power grid capacity. To 
anticipate the constraints these challenges could pose to future AI growth, the authors of a series 
of RAND reports are seeking to answer the following questions: 

• What will be the additional power capacity in the United States by 2030?  
• What are the key constraints to scaling the U.S. power grid to meet additional demand? 
• What is the maximum amount of power available for AI data centers at particular sites or 

regions by 2030? 

This is the second report in this RAND series. In it, we address the second question by (1) 
examining research on barriers to increasing the supply of electrical energy, (2) identifying 
barriers that might be overcome by 2030, and (3) suggesting courses of action to tackle those 
barriers. We present policy recommendations aimed at regulators at the federal and state levels, 
grid planners, and system operators. The report also provides estimates of increases in power 
capacity that could be achieved by removing those barriers. 

Technology and Security Policy Center 
RAND Global and Emerging Risks is a division of RAND that delivers rigorous and 

objective public policy research on the most consequential challenges to civilization and global 
security. This work was undertaken by the division’s Technology and Security Policy Center, 
which explores how high-consequence, dual-use technologies change the global competition and 
threat environment, then develops policy and technology options to advance the security of the 
United States, its allies and partners, and the world. For more information, contact 
tasp@rand.org. 
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Summary 

Issue 
The anticipated growth in artificial intelligence (AI) development requires additional power 

capacity. Data center operators often prefer that this additional capacity come from connections 
to the grid,1 because such connections offer improved reliability, resilience, and cost-
effectiveness not available from on-site generation of electricity. Although many initiatives to 
increase generation capacity are in progress, the pace of these efforts could pose challenges to 
meeting future energy demands. Stakeholders have identified major challenges that the existing 
grid faces, especially in the integration of large volumes of energy resources. The North 
American Electric Reliability Corporation (NERC)2 has warned that more than half of North 
America, by area, faces a substantial risk of energy shortfalls within the next five to ten years 
resulting from increasing electricity demand from data centers, decarbonization through 
electrification, and growth in industrial activities.3 Despite the federal government having 
undertaken a programmatic environmental review for utility-scale energy development on public 
land in 2025, leading developers of AI models have been calling for policy actions to address the 
energy challenge.4 

To better understand the power-supply resource gaps, we address the question, What are the 
key constraints to scaling the U.S. power grid to meet additional demand? 

Approach 
In this research, we followed a mixed-method approach by completing the following 

tasks: 

• developing a list of barriers constraining the power grid’s ability to meet additional 
demand through a rapid literature review and discussions with six groups of experts  

 
1 According to the National Renewable Energy Laboratory, “the power grid is the complex network of power 
sources, transmission lines, and distribution lines that brings electricity” to residential, industrial, municipal, and 
commercial consumers (National Renewable Energy Laboratory, “Power Grid Basics”). 
2 NERC evaluates the reliability of the U.S. Bulk Electric System (“the facilities and control systems necessary for 
operating an interconnected electric energy transmission network” [Office of Electric Reliability, 2023, p. 4]) 
through annual seasonal and long-term assessments and through a probabilistic assessment every two years, which 
together constitute an independent examination of the projected resource adequacy metrics and associated risks to 
the North American bulk power system. 
3 NERC, 2024 Long-Term Reliability Assessment. 
4 Bureau of Land Management, “Utility-Scale Solar Energy Development PEIS/RMPA”; OpenAI, “OpenAI’s 
Proposals for the U.S. AI Action Plan”; Anthropic, Build AI in America. 
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• identifying barriers that could feasibly be overcome by 2030 at the federal level 
• developing logic models to identify stakeholders, inputs, actions, and outputs that might 

remove barriers and resulting courses of action (COAs) 
• estimating the effects that different COAs to remove barriers could have on capacity. 

Key Findings 
From a list of 66 individual barriers, we identified four groups of barriers with common 

themes that stakeholders could feasibly address by 2030. Addressing these barriers in groups can 
help because removal of barriers in isolation is not likely to have the same effect that removing 
groups of related barriers would have. We developed logic models that identify stakeholders, 
inputs, actions, and outputs for efforts to remove these groups of barriers: 

• Permitting delays. These can be caused by poor coordination between agencies for 
permitting processes and time needed for permitting processes. Access to data for 
available transmission capacity, technical expertise and funding, and reforms to allow 
streamlined permitting could help address these barriers. Potential risks of addressing 
these barriers include community opposition, insufficient developer interest, and negative 
impacts on the environment. 

• Inefficient and costly interconnection processes. Such processes can be lengthy, 
complex, and costly and result in interconnection rights that are underused because of 
inconsistent implementation, lack of standardization, and insufficient market incentives. 
Clear federal and state policy guidance and processes, transparent data on capacity 
availability, and improvements in data access could help address these barriers. Potential 
risks of addressing these barriers include diversion of resources from interconnection 
reform, grid reliability risks, and unequal access to fast-track processes. 

• Underutilized transmission. This can result from, among other causes, suboptimal 
transmission line configuration and usage, substantial costs for network upgrades, 
minimal incentives to adopt grid-enhancing technologies (GETs), and limited operator 
capabilities to manage and analyze large volumes of data. Advanced grid management 
techniques, access to data on current line performance, and clear cost recovery 
authorizations could help address these barriers. Potential risks to addressing these 
barriers include costs of implementing congestion pricing and cyberattacks on a better-
connected grid. 

• Lack of options to deploy technologies for supplemental generation. Many data 
centers rely not just on diesel generators, which are restricted by U.S. Environmental 
Protection Agency (EPA) emission standards, but also on other limited or inconsistent 
resources for supplemental generation. Cost allocation issues pose barriers to using other 
nondiesel technologies. Potential risks to addressing these barriers include difficulties in 
developing a commitment mechanism to use supplemental generators, supply chain 
disruptions, and the reliability of on-site generation. 
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Recommendations 
From each of our logic models, we identified COAs that, if implemented, could increase 

capacity in the power grid. These COAs and their estimated effects follow: 

• To address permitting delays, improve federal planning for advancing AI 
infrastructure development.5 Specific steps within this COA include 

- Congress directing federal land-management agencies to develop national maps 
identifying areas suitable for AI power sites 

- having a designated agency conduct programmatic reviews on the environmental 
effects of certain project categories (e.g., geothermal power plants) to streamline 
future environmental reviews 

- implementing a streamlined permitting process and accelerating development of 
AI power priority sites on federal land. 

• To address inefficient and costly interconnection processes, enhance transparency to 
improve interconnection processes. Specific steps within this COA include 

- federal agencies collaborating with grid operators and developers to establish best 
practices for using surplus interconnection 

- the U.S. Department of Energy (DOE) working with utilities to develop 
procedures for streamlining interconnection approvals for generation resources 
subject to flexible generation management. 

• To reduce underutilized transmission, provide incentives for collaborative GET 
adoption. Specific steps within this COA include 

- having the Federal Energy Regulatory Commission (FERC) and DOE assess and 
publicize data on underutilized interconnection capacity  

- regulators providing financial incentives for operational improvements, including 
those for operational efficiencies and technological innovation, and capital 
expenditures 

- grid operators testing the effectiveness of GET implementation with pilot 
programs 

- FERC using rulemaking to set requirements to use relevant GETs and reforming 
tariffs to improve utilities’ ability to recoup the cost of GET investments. 

• To address the lack of incentives for backup generation, provide incentives for 
supplemental generation to support demand response. Specific steps within this COA 
include 

 
5 In early 2025, the Bureau of Land Management undertook a programmatic environmental review for utility-scale 
solar energy development on public land, aiming to balance clean energy goals with environmental protection and 
streamline permitting processes. This is further discussed in Chapter 3. 
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- FERC and EPA reviewing regulations on supplemental generator use, identifying 
and removing barriers to nondiesel supplemental generation6 

- DOE providing targeted support for colocated generation technology development 
and supplemental generation development from large loads, such as data centers 

- EPA engaging state environmental agencies on streamlining state-level 
requirements for maintaining backup and on-site generation. 

• To encourage development of supplemental generation and curtailed usage during 
emergencies, have federal and regional regulators enact large-load tariff policies 
allowing prices to increase substantially during emergencies.  

• To support the grid during emergencies, create cost-sharing provisions for on-site 
generation. 

Combined, these COAs could have an impact of anywhere between 92 and 297 gigawatts of 
additional capacity. The largest impact (65 to 130 gigawatts) would come from addressing 
interconnection processes and from regulatory reform to allow for surplus interconnection. 
Identifying the expertise needed to successfully implement these COAs was beyond the scope of 
this report. The proposed COAs are designed to address the highest-priority barriers and identify 
areas for the most potential impact. Yet the electrical grid is very complex, and many precise 
procedures, such as streamlining permitting for federal sites and utilizing surplus 
interconnection, could face additional barriers that will become evident only once these COAs 
are underway. Nevertheless, the COAs outlined here provide decisionmakers feasible starting 
points for increasing the power capacity available to AI data centers. 

 
  

 
6 Nondiesel generation here refers to a wide variety of technologies that include renewable diesel (hydrotreated 
vegetable oil), hydrogen energy storage, batteries (lithium ion and sodium sulfur) and compressed-air energy 
storage. 
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Chapter 1. Introduction 

Purpose 
The anticipated growth in the development of artificial intelligence (AI) capabilities will 

require a rapid increase in U.S. electric power capacity. That is, the power that AI data centers 
need for training and inference activities, when added to conventional demand for electricity, 
could soon exceed the capacity of the U.S. power grid.7 Such increasing demand raises questions 
about the ability to build additional U.S. power capacity, key constraints in scaling the U.S. 
power grid to meet additional demand, and the maximum amount of power that is likely to be 
available for AI data centers at particular sites and regions in coming years. These topics are the 
subjects of a series of RAND reports. This report addresses the second topic: What are the key 
constraints to scaling the U.S. power grid to meet additional demand? 

For the purposes of this report, we define constraint as a barrier affecting the power grid’s 
net available capacity of that can be removed or minimized through the collaboration of known 
agents via a set of concrete actions within a foreseeable timeline. 

Background and Motivation 
This report is the second in a series of reports discussing the effect of growth in electric 

power demand for AI data centers in the contiguous United States. In the first report in this 
series, Assessing the United States’ Additional Power Capacity by 2030, the authors considered 
planned power generation projects and planned retirements in the contiguous United States and 
their potential impact on the grid’s ability to support future AI load growth.8 The authors found 
that available capacity would increase by 82 gigawatts (GW) by 2030, indicating a generation 
shortfall in the United States’ capability to power 158 to 253 GW of AI demand.9 In this report, 
we consider barriers and short-term constraints to increasing the capacity of the U.S. power 
grid to meet AI demand. Future research in this stream of work will consider the maximal 

 
7 North American Electric Reliability Corporation (NERC), 2024 Long-Term Reliability Assessment; Bistline et al., 
“Emissions and Energy Impacts of the Inflation Reduction Act.” According to the National Renewable Energy 
Laboratory, “the power grid is the complex network of power sources, transmission lines, and distribution lines that 
brings electricity to your home” (National Renewable Energy Laboratory, “Power Grid Basics”). 
8 Arciniegas Rueda et al., Assessing the United States’ Additional Power Capacity by 2030. 
9 Arciniegas Rueda et al., Assessing the United States’ Additional Power Capacity by 2030; Pilz, Mahmood, and 
Heim, AI’s Power Requirements Under Exponential Growth. This sentence was updated in October 2025 to correct 
both the increase in available capacity and the shortfall in capability to power AI demand. 
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power capacity available to specific sites in the United States and location-specific constraints 
for developers and planners to consider in siting next-generation hyperscale data centers.10 

Several issues motivate this report. First, electric power demand from AI is increasing 
rapidly.11 Developing advanced AI models requires enormous amounts of power,12 and existing 
facilities are already straining U.S. electrical grids.13 Such demands for power are likely to 
continue growing rapidly in coming years.14 If exponential increases in training runs and demand 
for computational resources continue, AI data centers could need 68 GW of power capacity by 
2027 and 327 GW by 2030.15 

Second, connecting to the grid remains the gold standard for the operation of data 
centers.16 Those who create and maintain data centers value energy redundancy.17 They prefer 
grid connections because of their need for reliability, resilience, sustainability, and cost-
effectiveness, which connection to the grid provides. Although it is technically possible for AI 
data centers to only use off-grid electricity,18 we did not find any indication of a substantial 
rollout of fully off-grid data center projects. Substantial increases in behind-the-meter (BTM) 
and distributed generation will need to be supported with energy storage to counter any 
intermittency caused by data center load demands.19 

Third, stakeholders have identified major challenges that the existing grid faces, 
especially in integrating large volumes of energy resources. Although, in this report, we often 
use data centers as a focal example, these challenges are not unique to data centers; other new, 
large loads, such as high-voltage rail lines and industrial facilities, will also face distinct 
interconnection and integration challenges. Development of new power generation projects and 
their contribution to the grid have tripled, quadrupled, and even quintupled from the ten years 
from 2013 to 2023. As of the end of 2023, this equated to more than 1,570 GW of nameplate 
generation capacity and approximately 1,030 GW of storage capacity queued for grid 

 
10 Hyperscale is extreme scalability allowing quick adjustment to variable demand from such sources as AI. 
11 Pilz, Mahmood, and Heim, AI’s Power Requirements Under Exponential Growth. 
12 Srivathsan, Sorel, and Sachdeva, “AI Power”; Scharre, Future-Proofing Frontier AI Regulation. 
13 Secretary of Energy Advisory Board, “Recommendations on Powering Artificial Intelligence and Data Center 
Infrastructure.” 
14 Sevilla et al., Can AI Scaling Continue Through 2030? 
15 Pilz, Mahmood, and Heim, AI’s Power Requirements Under Exponential Growth. 
16 More details on the reliability needs for AI can be found in the first report in this RAND series, Arciniegas Rueda 
et al., Assessing the United States’ Additional Power Capacity by 2030. 
17 Lovett, “A Deep Dive into Data Center Redundancy.” 
18 For example, data center company ECL planned to deliver an off-grid, hydrogen-powered modular data center in 
summer 2025 (Vincent, “ECL Debuts 1 GW Off-Grid Hydrogen-Powered ‘AI Factory’ Data Center on 600 Acres 
Near Houston”). 
19 Arciniegas Rueda et al., Assessing the United States’ Additional Power Capacity by 2030. BTM describes 
electricity produced at the site of consumption instead of being generated by a utility. 
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interconnection.20 The total nameplate capacity of operational generation resources is 
comparable: 1,340 GW.21 Not all planned projects will be successfully completed. 

Planned generation resources must first overcome multiple regulatory approvals, permitting 
challenges, and large network upgrade costs. These obstacles increase project costs and lead to 
significant project delays that can result in incomplete or withdrawn projects. Completion rates 
vary based on proposed location, independent system operator (ISO) or regional transmission 
organization (RTO) area, and resource type. Across the contiguous United States, average 
completion rates, by both capacity and generation units, have been below 10 percent since 
2019.22 The Federal Energy Regulatory Commission (FERC) has stated that “interconnection 
queue backlogs and study delays afflicting generator interconnection service nationwide hinder 
the timely development of new generation.”23  

Fourth, the U.S. electrical grid is vast and complex, consisting of multiple interdependent 
systems and stakeholders. Given the long lifetimes of capital assets, portions of the grid’s 
infrastructure inevitably lag behind the latest technological advances. Efforts to modernize the 
grid are further complicated by the diverse interests and actions of various actors. In 
December 2024, NERC noted that more than half of North America, by area, faces a substantial 
risk of energy shortfalls within the next five to ten years, driven by increasing electricity demand 
from data centers, decarbonization through electrification, and growth in industrial activities.24 
Although initiatives for reform are in progress, competing stakeholder perspectives have slowed 
such efforts. For instance, incumbent utilities have blocked competitors’ transmission lines, 
thereby increasing transmission costs and delaying grid modernization.25 In such cases, the 
action that is best for incumbent utilities is not necessarily best for consumers or for adding load 
to the grid. 

Fifth, there are multiple perspectives on upgrading the grid and multiple barriers to 
different proposals and initiatives. Barriers to grid modernization and upgrades include such 
issues as cost allocation, increasingly lengthy regulatory processes, and trade-offs between 
investing in new or existing infrastructure. Other barriers relate to specific processes, systems, 
and elements of the grid. For example, solar and wind generation have higher interconnection 
costs than gas generation has, which complicates the addition of these resources to the grid.26  

Finally, although many initiatives to increase generation capacity are in progress, the 
pace of these efforts could pose challenges for meeting both decarbonization and AI needs. 

 
20 Rand, Queued Up. 
21 U.S. Energy Information Administration (EIA), “Preliminary Monthly Electric Generator Inventory,” April 2025. 
22 Rand, Queued Up. 
23 FERC, “Improvements to Generator Interconnection Procedures and Agreements” (final rule),  p. 61019.  
24 NERC, 2024 Long-Term Reliability Assessment. 
25 Rossi, “Promoting Cost-Effective Grid Modernization”; Hausman, “Power Flows.” 
26 Gorman et al., Transmission Interconnection Roadmap. 
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Timely solutions should support both ongoing decarbonization efforts and AI energy 
modern demands. Electrical grid operators face multiple objectives. They must balance 
interconnection backlogs, grid reliability, and renewable energy transition against AI data 
centers’ energy needs with those of industrial, commercial, and residential users. Within this 
complex environment, proposed generation projects will have marginal impacts on the electrical 
grid, provided that the projects are completed and operational within the time frame to power 
future AI development. Upgrades to transmission infrastructure might have the largest feasible 
single impact on addressing the interconnection backlog and bringing more generation online.  

In this report, we identify key constraints on scaling the U.S. power grid to meet AI demand 
and propose potential courses of action (COAs). In a rapid literature review, we identified 
barriers to increasing electrical grid capacity, which we verified through six semistructured 
interviews with expert industry stakeholders. By including academic publications, government 
reports, and industry analyses, we were able to map the landscape of challenges faced by the 
power grid in 2025. We prioritized barriers by two criteria: those that can be addressed by 2030 
and those for which the federal government is an agent of change. We grouped the selected 
barriers into four clusters, which we used to develop logic models describing the agents and 
COAs necessary to increase power capacity. We also note estimates (in gigawatts [GW] of 
additional capacity) for the impact of removing these barriers. Given the inherent complexity of 
the U.S. electrical grid, individual actions might be insufficient to drive meaningful change. We 
therefore propose that reform actions be undertaken concurrently to address multiple barriers. 

Key Assumptions and Limitations 
Our approach has several assumptions and limitations, outlined in this section. 

Assumptions 

• We assumed that there would be no changes in the topology of the power grid between 
now and 2030. 

• Given this assumption, we focused on addressing barriers through process improvements, 
such as reforms to permitting or interconnection, that can be implemented even in the 
absence of substantial new construction. 

• We assumed that technological advancements would continue at a steady pace, without 
any unforeseen breakthroughs that could greatly change the energy landscape by 2030. 

• We examined the barriers that limit the expansion of the power grid. Even if these 
barriers are not resolved in time to allow large-scale construction by 2030, understanding 
them is critical for enabling future expansion that supports growing AI energy demands. 

• We assumed that the costs related to the build-out of energy infrastructure are not 
fundamentally different from the costs associated with data center construction and the 
acquisition of compute power. In other words, although it is highly likely that, at some 
point, cost-related bottlenecks will arise in AI data center construction, these bottlenecks 
will be linked to all AI infrastructure investment, not simply energy-related investment. 
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Limitations 

• We considered barriers directly constraining net available capacity on the power grid. We 
did not consider barriers that might have only an indirect impact on net available 
capacity, such as those constraining other supporting networks. 

• Our literature review was limited to open-source (publicly available) information. 
• Given the complexity of the U.S. power system, actions to improve the grid and increase 

the available power capacity for AI data centers will require efforts to address multiple 
barriers. For example, targeting only interconnection reform without regulatory and 
technological support has proven to have limited results27 and is unlikely to generate 
substantial increases in available capacity.28 

• To estimate potential impacts, we considered the effects of removing individual key 
barriers. This approach might have led to overestimations of impact, in which the 
potential capacity unlocked by removing barriers appears easily obtainable, or 
underestimations from not accounting for potential synergies from conducting multiple 
actions concurrently. Therefore, our estimates of the impact of different COAs should be 
interpreted as ranges, representing the relative magnitude with which barriers constrain 
the grid, and capacity that could be unlocked if all actions in each model are completed. 

• We did not consider how to increase capacity at a specific location for a specific AI 
project. Such analysis could be the focus of future research. 

• We did not study the cost of energy-related infrastructure per se. The build-out of AI 
infrastructure includes many high-value investments, including data center construction 
and the acquisition of compute power. The energy costs form only a part of the overall 
costs associated with the AI build-out. In addition, there are many unique dimensions to 
the AI build-out, such as the hyperscale companies having uniquely large investment 
budgets, the potential for rates to cover some of the investment cost, and the potential for 
the government to bear part of the investment cost of public energy infrastructure.  

• Although supply chain constraints for key equipment—such as battery storage and grid 
components—represent a significant potential barrier to expanding power capacity, we 
did not address these issues in depth. This limitation reflects both the complexity of 
global supply chains, which are shaped by international trade dynamics and diverse 
industrial landscapes, and the need for a more-targeted, component-specific analysis than 
was feasible within the scope and time frame of this report. Although we recognize that 
supply chain risks could affect project costs and timelines, our focus remains on barriers 
that the federal government could feasibly address by 2030. 

• The group of barriers related to underutilized transmissions also calls for careful research 
into the data center requirements for adding real power versus reactive power. Efficient 
execution of computing tasks at data centers relies on both real and reactive power; 
however, when sourcing barriers that affect adding more power to support data centers, 

 
27 Gorman et al., Transmission Interconnection Roadmap; Wilson and Lenoir, “Interconnection Queues Show 
Swelling Volume but FERC Reforms Slowly Taking Hold”; FERC, “Explainer on the Interconnection Final Rule.” 
28 Wayner et al., “Going the Distance on Interconnection Queue Reform”; Rueger, Padway, and Neeley, “FERC 
Upholds Reforms to Interconnection Process, but Will Reforms Be Implemented Fast Enough?”; Penrod, “FERC 
Order 2023 Implementation Exposes Gaps in Interconnection Process.” 
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we did not specify real or reactive power. Their implications for data center operations 
could be further studied, but this was out of scope for this research report. 

• When discussing the estimates for COAs associated with the logic models, we did not 
evaluate cost-effectiveness and focused solely on increasing energy supply. 

Report Outline 
We turn next to our characterization of the barriers and how we prioritized them. In Chapter 

2, we briefly describe the results of our literature review and prioritization, with our findings and 
methods there more fully explained in Appendix A. Chapter 3 presents the logic models we used 
to consider groups of related barriers. In Chapter 4, we review our estimates of the impacts for 
addressing these groups of barriers. We conclude in Chapter 5 with considerations for advancing 
energy infrastructure. Appendix B presents the full list of 66 barriers to expanding power 
capacity, and Appendix C provides the research protocol for stakeholder interviews. Technical 
terms used in this report are defined in the glossary following the appendixes.  
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Chapter 2. Methods of Characterizing and Prioritizing Barriers 

To characterize and prioritize barriers, we undertook four tasks. First, we completed a rapid 
literature review to identify barriers. Second, we listed these barriers for further refinement and 
grouping. Third, we asked subject-matter experts to review our lists and offer their insights into 
them. Fourth, we prioritized the barriers, identifying those that could feasibly be overcome by 
2030 and those in which the federal government would have a role in helping overcome them. 
This chapter summarizes our work and findings in these four tasks; Appendix A presents our 
work on these tasks in more detail. 

Rapid Literature Review 
In our rapid literature review, we identified and categorized barriers to increasing power 

capacity. We did so by examining a diversity of sources, including academic publications, 
government reports, and industry analyses. Because challenges in this sector and writing on them 
continue to expand, our sources could reflect a convenience sample more than a formal literature 
review. 

We conducted our literature review from September 2024 to December 2024 in iterative 
steps until diminishing returns were achieved. This date range means that the review does not 
cover discussions since the presidential inauguration in January 2025 or federal orders since 
then. 

We focused primarily on peer-reviewed journal articles, government agency reports, and 
private-sector industry analyses that outline the background for barriers in the power sector in 
general, discuss specific barriers and the ecosystem that has contributed to entrenched challenges 
or promising solutions, or identify the reasons behind the difficulties in increasing power 
capacity for AI facilities more specifically. We selected sources based on their credibility, 
relevance, and ability to provide diverse perspectives on the challenges faced by the power 
sector. The full list of search terms can be found in Appendix A.  

We prioritized publications from the past decade to capture the most-current insights and 
developments. To ensure consistency in analysis and interpretation, we limited our search to 
English-language sources.  

Construction of the Barrier Matrix 
Given the complexity and interconnected nature of challenges to enhancing power capacity 

for the AI sector, we categorized barriers by their position within the power system. By 
organizing barriers by whether they were front of the meter (FTM) or BTM, we aimed to 
highlight the distinct challenges present at different stages of supplying electricity. This approach 
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allows a nuanced understanding of how these barriers affect various components of the power 
system, from large-scale infrastructure to localized energy management, and supports informed 
decisionmaking by clearly identifying where interventions are most needed. Table A.1 in 
Appendix A presents the 24 components of the electric power system. 

We also classified barriers by their sources, as shown in Table A.2 in Appendix A. These 
included regulatory, physical, social, economic, technological, and environmental limitations. 

We drew on the insights from the rapid literature review to identify the relevant barriers. This 
involved specifying clear criteria for each category and ensuring that the barriers were accurately 
represented by the relevant electric power system components and the source of limitations, 
based on the categorization illustrated in Tables A.1 and A.2 in Appendix A. Feedback from 
industry experts was instrumental in refining the descriptions of identified barriers.  

In Appendix B, the results of this barrier identification process are presented in a barrier 
matrix; it shows the full list of 66 barriers. In Appendix B, the columns use the components in 
Tables A.1 and A.2 to contextualize each barrier in the electric power system and identify the 
source of the limitations. Organizing all barriers this way helps guide analysis based on the 
nature of specific challenges that affect power capacity for AI facilities. Table 2.1 shows the 
structure of the barrier matrix. 

Table 2.1. Structure of the Barrier Matrix 

Number. Barrier Description 

Classification 

Citation Component Source of Limitation 

1 Description Component Source Citation 

... ... ...  ... 

Semistructured Interviews with Industry Stakeholders 
To complement our rapid literature review, we conducted six semistructured interviews with 

industry stakeholders to gain firsthand insights into the barriers limiting power capacity in 
general and for AI facilities specifically. The participants included business and industry experts 
whose functions or solutions were closely aligned with the electric power capacity challenges 
faced by AI facilities. These interviews provided an opportunity to validate the findings from the 
literature review and explore additional dimensions of the challenges faced by both the power 
industry and AI stakeholders. This stage ensured that we saw the identified barriers and their 
potential solutions from the perspective of those directly involved in the field. The insights 
gathered from these discussions helped us refine our understanding of the barriers and informed 
the development of a comprehensive framework for categorizing power capacity challenges. 

We selected participants for the interviews through a convenience sampling approach, 
focusing on business and industry experts whose work was closely aligned with the power 
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capacity challenges faced by AI facilities. Although this approach provides valuable insights, we 
recognize that it can introduce a bias toward solutions that data center operators perceive as the 
most cost-effective and straightforward and can miss perspectives that require data centers to 
fundamentally change their behavior or require power system transformations that go beyond 
2030.  

Additionally, the industry stakeholders we interviewed do not represent regulators or 
community groups, and this sampling decision does not carry any assumptions about dismissing 
these potentially opposing interests. We acknowledge this limitation and address this bias 
partially with two research design decisions. First, these industry stakeholders already 
internalized the various regulatory and community interests in their assessment and 
implementation experience. Second, with this research report, we aim to identify key constraints 
in scaling the U.S. power grid to meet additional demand by 2030, and the research methodology 
is designed to investigate these barriers without specifying any particular locality. The local 
issues and considerations for site selections will be addressed in the third report in this RAND 
series. We believe that this approach allows us to reflect the variations of local conditions, 
energy potential, and regulatory environments across the United States.  

We conducted interviews between September 2024 and January 2025. Each interview lasted 
approximately one hour and was conducted by at least three members of the RAND research 
team. To protect the confidentiality of our subjects, we aggregated and anonymized our findings. 
Appendix C presents our interview protocol. 

As further detailed in Appendix A, the interviews confirmed several barriers identified in the 
literature, particularly in energy infrastructure and the regulatory environment. They also 
clarified industry trends in how energy solutions are deployed to support data center 
development. The interviews discussed broad considerations, such as strategic partnerships and 
global competitiveness, that could shape the interplay between AI development and the power 
grid in the long run. The interviews concluded with open discussions on challenges and possible 
needs, such as those in regulatory and policy support or talent and supply chain development. 

Prioritizing Barriers 
In all, we identified 66 barriers. From these, we sought to prioritize those that (1) could be 

addressed by 2030 (that is, those that can be addressed in the relatively short term) and (2) the 
federal government would have a direct role in addressing (that is, those requiring actions with 
the most scalability and the greatest impact). This allowed us to develop actionable, high-impact 
solutions that align with both policy feasibility and rapid implementation, ensuring meaningful 
progress toward expanding power capacity by 2030. 

A team of three RAND experts scored each barrier by priority and narrowed the list of 66 
barriers down to 17 constraints that are critical to enhancing power capacity for AI infrastructure 
in the United States by 2030 (details of this exercise are in Appendix A). 
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In prioritizing barriers from the initial list of 66 to a focused short list of 17, we applied a 
guiding principle aligned with the scope of this report: We selected barriers that the federal 
government could feasibly address by 2030. This approach ensures that our analysis remains 
actionable and relevant to near-term policy decisions. As a result, certain important constraints—
such as supply chain barriers—were excluded from the short list, not because they lack 
significance but because they fall outside the realm of federal actions that can be realistically 
implemented within the report’s time frame. We acknowledge the importance of these broader 
constraints and note them as both limitations of this report and key considerations for future 
research. Where supply chain issues are implied in the context of the selected 17 barriers, we 
discuss their potential impact on producing estimates for policy actions to address these barriers. 

These 17 barriers are aggregated into four groups (the process is summarized in Figure 2.1). 
Table 2.2 lists the short-listed barriers in each of the four groups: 

• Permitting delays. Large projects usually require a wide variety of federal permits from 
multiple agencies. Federal permitting reviews are long and time-consuming. Group 1 
captures four short-listed barriers. 

• Inefficient and costly interconnection processes. There are four short-listed barriers in 
group 2. This group of barriers can hinder generation and storage project development 
timelines. 

• Underutilized transmission capacity. Existing transmission capacity is underutilized 
and inconsistently used. There are four short-listed barriers in this group. 

• Lack of incentives to adopt technologies for backup generation. There is a lack of 
incentives to adopt diverse technologies for backup generators and to use backup 
generators to support the grid during system emergencies. Group 4 contains the last four 
of the short-listed 17 barriers. 

Figure 2.1. Reducing the List of Barriers to a Prioritized List 
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Table 2.2. Short-Listed Barriers, by Group 

Group Barrier 
Permitting delays  There is poor coordination between agencies for federal permitting processes. 

 Right-of-way and land-access considerations restrict FTM solution deployment. 

 EIS processes are long and can create exposure to litigation. 

 NEPA permitting and federal land-leasing and permitting processes are time-
consuming. 

Inefficient and costly 
interconnection processes 

Interconnection applications are often reviewed manually in a labor-intensive 
process, and many applications are incomplete or insufficient. Processing these 
applications is a significant cause of long analysis and development delays. 

 The methodology for network upgrade assessments yields high estimates of costs 
of interconnecting energy storage projects and limited compliance with FERC Order 
2023 to reflect realistic operational characteristics. 

 High-cost allocation for interconnecting storage capacity limits the feasibility of 
adding capacity at select locations. 

 Grid operators’ processes and practices for using surplus interconnections are 
inconsistent and nonstandard, creating uncertainty in reliability and stability risk 
from hybrid and battery storage system. 

Underutilized transmission Operators do not have incentives to adopt GETs because operators are rewarded 
for capital expenditures rather than for reducing operation and maintenance 
expenses. GETs can provide misleading or inaccurate feedback data. 

Grid operators might have limited capability to handle large data volumes if 
implementing GETs. 

There are not enough incentives in existing rules to consider alternative 
transmission technologies, such as variable line rating (volt-ampere reactive, or var) 
compensators.a 

There is a lack of incentives to include innovations in the planning process and 
limited knowledge and data on the cost and impact when incorporated into the grid 
system. 

Lack of incentives to adopt 
technologies for backup 
generators 

EPA rules require diesel backup generators (RICE NESHAP or NSPS) and have 
specific generation requirements. 

There are limited or inconsistent incentives for colocated generation resources to 
feed back to the grid. 

Cost allocation creates issues (general customers versus colocated clients) when 
the colocated generation sources stay connected to the grid. 

EPA-imposed limits on carbon pollution standards hinder data centers from using 
load flexibility tools for grid support.  

NOTE: EIS = environmental impact statement; EPA = U.S. Environmental Protection Agency; GET = grid-enhancing 
technology; NEPA = National Environmental Policy Act of 1969 (Public Law 91-190, 1970); NESHAP = National 
Emission Standards for Hazardous Air Pollutants; NSPS = new-source performance standard; RICE = reciprocating 
internal combustion engine. 
a A static var compensator is a device connected to the power system that uses electronics to add or remove 
reactive power. This helps keep the voltage steady and reduces drops in voltage. 

 
In Chapter 3, we present logic models for addressing these groups of barriers. These models 

summarize the inputs, stakeholders, actions, and output needed to address each group of barriers 
and the outcomes such efforts can achieve.  
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Chapter 3. Logic Models 

In Chapter 2, we selected barriers that have the potential to become avenues of change, 
unlocking energy solutions that can be implemented by 2030. In this chapter, we identify 
possible paths to achieving that objective. A logic model offers a strategic framework to address 
this challenge, providing a visual representation that organizes the necessary steps and resources 
to achieve desired outcomes. In this chapter, we present four logic models of major avenues of 
change to address the barriers identified in the previous chapters. By mapping these pathways, 
we aim to provide a tool to develop COAs that guide policy solutions to overcome existing 
barriers.  

Introduction to Logic Models 
Logic models are visual representations to communicate relationships among the resources, 

planned activities, and desired changes or outcomes.29 Logic models help organize the necessary 
actions to achieve desired results by connecting inputs, activities, outputs, and outcomes. These 
models are visualizations of needs and how they contribute to achieving broader objectives by 
facilitating an understanding of the pathways available to overcome existing barriers. 
Additionally, they help stakeholders identify roles and responsibilities in overcoming selected 
barriers, clarify program strategies, and identify appropriate outcome targets. 

Logic models have four elements: inputs, actions, outputs, and outcomes:  

• Inputs are the resources required to operate, which can include people, materials, 
technology, and partners.  

• Activities are the steps needed to achieve the desired goals.  
• Outputs are the results of these activities. 
• Outcomes are the benefits obtained when the outputs are successfully realized.  

Generally, logic models are read following “if . . . then . . .” statements that connect the planned 
work with the intended results. For example, if planned actions are accomplished to the intended 
extent, then one can expect the outputs listed.  

It is important to distinguish between the outputs and outcomes within logic models. Outputs 
represent the tangible actions and initiatives that stakeholders undertake to address (in this 
context) energy challenges, while the outcomes are the actual changes or effects generated within 
the energy ecosystem.  

In the next sections of this chapter, we discuss each logic model we developed. They are 
based on the four clusters identified in the previous chapter:  

 
29 W. K. Kellogg Foundation, Logic Model Development Guide. 
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• permitting delays  
• inefficient and costly interconnection processes 
• underutilized transmission capacity 
• lack of incentives to adopt technologies for backup generation. 

For each logic model, we present background on the issues it addresses, a graphic depiction 
of the model, a summary of lessons learned from the model, and a detailed COA emanating from 
the model. 

Logic Model 1: Permitting Delays 

Background 

Energy infrastructure development must comply with a multitude of regulations that govern 
both energy generation and transmission. Our research identified permitting delays as a 
significant barrier to expanding power capacity. Specifically, we highlighted four key barriers: 

• poor coordination among agencies in federal permitting processes 
• restrictions on FTM solution deployment caused by right-of-way and land-access 

considerations 
• lengthy EIS processes, which can lead to litigation 
• time-consuming NEPA permits and federal land-leasing and permitting processes. 

These delays can affect the timely development of the energy infrastructure required to 
support data centers. Understanding the causes of these delays, as well as the permitting 
requirements and their implications, is important for effective planning and development in this 
sector. It also aids in formulating recommendations for improvement. Although exploring the 
complexities of permitting is outside the scope of this project, here we discuss some of the 
aspects relevant to our logic model. Project size, technology, and location can influence the types 
and number of permits a project might require. Recent research suggests that most projects 
require approvals at local, state, interstate, and federal levels. Because each local government 
usually has its own requirements, the regulatory landscape is not unified.30 It is usually at the 
local and state levels that local ordinances or zoning inhibits project completion.31 

The federal government, industry, and academia have discussed using federal land as a 
potential solution to land-supply issues to support large-scale AI data centers. This includes the 
discussion of 17 potential sites on U.S. Department of Energy (DOE) land in DOE’s request for 
information on AI infrastructure on DOE land,32 following which Idaho National Laboratory, the 

 
30 Sud and Patnaik, “How Does Permitting for Clean Energy Infrastructure Work?”; Outka, “Renewable Energy 
Siting for the Critical Decade.” 
31 Bauer et al., “Eight Facts About Permitting and the Clean Energy Transitions”; Susskind et al., “Sources of 
Opposition to Renewable Energy Projects in the United States.” 
32 Office of Policy, “Request for Information on Artificial Intelligence Infrastructure on DOE Lands.” 
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Oak Ridge Reservation, the Paducah Gaseous Diffusion Plant, and the Savannah River Site were 
chosen to invite private-sector partners to develop AI infrastructure proposals. Furthermore, 
public land has supported multiple large-scale generation projects; the largest projects on Bureau 
of Land Management (BLM) land are the Lava Ridge Wind Project in Idaho (1 GW), Fervo 
Energy’s Cape Station in Utah (2 GW), and the Bellefield Gen-Tie in California (which will 
connect approximately 1.5 GW of hybrid solar storage to the grid). However, both data center 
infrastructure and generation resources face distinct permitting challenges, including those 
related to NEPA, on federal land. 

NEPA process delays fall into two main categories: documentation time and litigation.33 
Causes of these delays can include 

• decisionmaker changes to the project 
• court challenges to a project 
• poor documentation that needed to be redone 
• changes in or additions to project alternatives 
• requirements for compliance with the Endangered Species Act.34 

Recent research on renewable energy and electricity transmission projects further explored 
the duration of stages in federal permit reviews.35 Although the EIS is frequently cited as a 
lengthy permitting process, taking, on average, 3.5 years to complete, obtaining right-of-way 
authorization is even more time-consuming, requiring an average of more than nine years and as 
much as 13 years. One contributor to this extended timeline is the inclusion of a NEPA review 
within the process of right-of-way authorization. In early 2025, the BLM undertook a 
programmatic environmental review for utility-scale solar energy development on public land, 
aiming to balance clean energy goals with environmental protection and to streamline permitting 
processes.36 

Although some permitting challenges stem from coordination inefficiencies, others reflect 
intentional policy choices, such as the desire to uphold strong environmental protections. As a 
result, streamlining efforts must be carefully designed to avoid undermining these policy goals. 
The insights gained from examining these barriers provide a foundation for developing 
recommendations aimed at reducing delays and improving efficiency. 

Logic Model 

Figure 3.1 presents our logic model for considering barriers associated with permitting 
delays. 

 
33 Luther, The National Environmental Policy Act (NEPA). 
34 Public Law 93-205, Endangered Species Act of 1973. 
35 Sud and Patnaik, “How Does Permitting for Clean Energy Infrastructure Work?” 
36 BLM, “Utility-Scale Solar Energy Development PEIS/RMPA.” 
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Figure 3.1. Logic Model for Addressing Permitting Delays 

 

NOTE: DOD = U.S. Department of Defense; EO = executive order; NGO = nongovernmental organization. EO14141 is Biden, “Executive Order 14141 of January 
14, 2025.” 
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Given the fragmented nature of permitting at the local and state levels, for which each 
government might have distinct rules and processes, as well as the local opposition that some 
projects encounter, we assume that utilizing federal land could streamline permitting by reducing 
the complexity associated with multijurisdictional reviews, thereby accelerating project timelines 
and facilitating the development of AI power priority sites, especially given that our research did 
not identify permitting on federal land as a significant barrier. Regarding litigation, early and 
sustained engagement with environmental and community stakeholders might reduce opposition 
and enhance project outcomes. However, such engagement can also involve significant 
concessions, and success is not guaranteed, especially where interests are fundamentally 
opposed. Similarly, early commitments from developers and engagement of utilities should 
instill confidence and justify investments in generation and transmission infrastructure. Federal 
pre-permitting of transmission lines and new generation zones could reduce regulatory 
complexity while maintaining environmental protections. With these assumptions, we propose 
the following COAs: 

• Identify suitable federal land for AI power priority sites. 
• Engage stakeholders to ensure that environmental interests are protected. 
• Engage developers and utilities in the planning process and assess the economic and grid 

viability of these sites. 
• Develop a streamlined permitting process for AI power sites, leveraging federal authority 

to pre-permit transmission corridors across federal land. 
From our logic model on permitting issues, we anticipate several key outputs to emerge from 

our proposed actions. We expect that a prioritized list of suitable federal land parcels identified 
for AI power infrastructure will serve as a strategic guide for site selection and project planning. 
We foresee that development of environmental protection recommendations, which will include 
strategies and mitigation measures aimed at addressing environmental and local interests, will 
take place in tandem with those efforts.  

Engagement of stakeholders, developers, and utilities would help ensure that transmission 
plans and timelines consider permitting obstacles and that utilities work toward completing 
requirements for planned transmission. We anticipate that feasibility studies would evaluate the 
economic and technical viability of grid connections complemented by grid integration plans, 
outlining a high-level strategy for integrating AI power sites into the existing grid or identifying 
the need for new infrastructure. Finally, we expect to see agencies develop streamlined 
permitting processes for AI priority sites. Agencies can accelerate NEPA requirements for 
projects by conducting analyses of the environmental effects of certain categories of projects. 
They could also conduct analysis on projects in certain regions, even before a specific project is 
proposed and that could apply to many future projects. Last, an important enabler for 
accelerating processes is an increase in technical expertise and funding. If agencies’ resources for 
permitting energy infrastructure were to increase, the permitting process could move more 
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swiftly: Additional personnel, for example, could manage the workload more efficiently and 
address any technical challenges more effectively. 

From the outputs in our logic model, we expect the following outcomes. Stakeholders will 
have a clearer understanding of the projects, their potential impacts, and the strategies in place to 
mitigate concerns. Federal agencies will experience improved coordination through established 
plans, the availability of enhanced data and tools for land identification, energy demand 
projections, and environmental compatibility assessments. Together with technical and economic 
feasibility studies, these data and tools could help smooth the integration of new AI power sites 
into existing and planned grid infrastructure. Additionally, transmission plans approved with pre-
permitted federal corridors will further facilitate the efficient deployment of energy 
infrastructure. 

Lessons Learned 

• Energy infrastructure projects experience delays caused by a complex, multilevel 
permitting process involving local, state, interstate, and federal governments. 

• Each government level has distinct requirements, which creates a fragmented regulatory 
landscape and frequent project delays. 

• There is a need for reform in regulatory processes to reduce delays and improve 
efficiency. Potential solutions include bypassing state and local bottlenecks by utilizing 
federal land. 

• Proactive engagement with communities and environmental stakeholders might reduce 
the risk of opposition in some cases by addressing concerns in the planning process. 
However, in situations in which interests are fundamentally misaligned, as in cases of 
offshore wind development or fossil fuel extraction on ecologically sensitive land, such 
engagement might not resolve conflicts and could result in significant delays or the 
abandonment of proposed projects. 

Course of Action: Improve Federal Planning for Advancing Artificial Intelligence 
Infrastructure Development 

Congress could direct federal land-management agencies, such as the BLM, to develop 
national maps identifying promising areas for energy development. This effort could be modeled 
on the BLM’s recent environmental review of the suitability of 31 million acres of western land 
for solar development. Federal permitting agencies could then prioritize allocation of permitting 
staff toward the most-promising regions, designated as priority energy zones. DOE could engage 
utilities in these regions on advance steps to ease interconnection burdens for forthcoming 
generation projects. A designated lead agency,37 such as DOE or the BLM, could conduct 

 
37 This recommendation aligns with DOE’s Coordinated Interagency Authorizations and Permits program, which 
aims to simplify federal environmental reviews and permitting processes for qualifying onshore electric transmission 
facilities by designating a lead agency for coordinating all federal authorizations and necessary environmental 
reviews. 
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programmatic reviews38 on the environmental effects of certain project categories, allowing these 
assessments to apply to multiple future projects.39 Establishing AI power priority sites on federal 
land would offer a strategic solution to permitting challenges, leveraging federal authority to 
streamline approvals and accelerate infrastructure development without compromising existing 
standards or environmental protections.40  

Logic Model 2: Inefficient and Costly Interconnection Processes 

Background 

Lengthy, complex, and costly interconnection processes are a major bottleneck for bringing 
new energy resources online.41 Existing queues are backlogged; connection requests for projects 
built in 2023 are taking a median of five years, and new entries are expected to take longer.42 
Project completion rates are very low, with an increasing trend of withdrawals; more than 200 
GW in projects were withdrawn from the interconnection process in 2023.43 Key barriers we 
identified include the following: 

• Interconnection applications are often reviewed manually in a labor-intensive process, 
and many applications are incomplete or insufficient. Processing these applications is a 
significant cause of long analysis and development delays. 

• The methodology for network upgrade assessments estimates high costs for 
interconnecting storage projects and limited compliance with FERC Order 2023 to reflect 
operational characteristics. 

• Allocation of high costs to installing storage capacity limits the feasibility to add 
capacity.44 

 
38 Similar recommendations have been made by Sud, Patnaik, and Glicksman, who examined permitting strategies 
to fast-track clean energy infrastructure. Although their research focused on clean energy, we believe that these 
insights can also inform permitting strategies for AI-related energy infrastructure (Sud, Patnaik, and Glicksman, 
“How to Reform Federal Permitting to Accelerate Clean Energy Infrastructure”). Here, AI-related energy 
infrastructure is focused on concentrated high energy consumption rather than the more-intermittent generation 
considered by Sud, Patnaik, and Glicksman, which might be more distributed. Although AI energy infrastructure can 
include clean energy infrastructure, the distinction is raised to highlight that approaches to streamlining renewables 
might be applicable to the more specific use case discussed in this report. 
39 For example, EO 14141 directs the U.S. Department of the Interior to do a “programmatic review” of geothermal 
power plants’ environmental impacts, which could apply to future geothermal projects on BLM land (Biden, 
“Executive Order 14141 of January 14, 2025”).  
40 The implementation of this COA would require the agencies to be properly staffed to perform this work without 
affecting other responsibilities. 
41 This applies only to regions under FERC’s jurisdiction. The Electric Reliability Council of Texas (ERCOT), for 
example, uses a different strategy (connect and manage) for interconnecting new resources. 
42 Rand et al., Queued Up. 
43 Rand et al., Queued Up. 
44 Monitoring Analytics, Quarterly State of the Market Report for PJM. 
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• Grid operators’ processes for utilizing surplus interconnection are inconsistent and 
nonstandard, and hybrid and battery storage systems bring the risk of uncertainty in 
reliability and stability. 

FERC Orders 202345 and 2023-A46 are intended to streamline the interconnection process, 
address backlogs, improve transparency, and ensure timely access to the grid for new 
technologies. Although interconnection reforms are underway, physical limits of the grid could 
prevent significant impact from being realized by 2030.  

However, making better use of underused existing interconnection rights could expedite new 
connections and boost capacity in the near term. We identified several options to increase 
capacity—particularly, surplus interconnection and generation replacement service, which allows 
new resources to connect to existing sites using current interconnection service and bypasses the 
costly delays of the standard process. Despite regulatory and policy support, this approach has 
not been fully implemented.47 Fast-track options, such as this sort of surplus interconnection and 
generation replacement service that does not require expensive network upgrades, could help 
increase capacity by 2030.48  

Logic Model 

Figure 3.2 presents our logic model to identify and implement near-term solutions for 
optimizing surplus and existing interconnection capacity to accelerate resource deployment.  

 
45 Federal Energy Regulatory Commission, “Improvements to Generator Interconnection Procedures and 
Agreements” (final rule). 
46 Federal Energy Regulatory Commission, “Explainer on the Interconnection Final Rule Requests for Rehearing 
and Clarification.” 
47 Farmer, Silverman, and Baker, Surplus Interconnection. 
48 Interconnection Innovation e-Xchange, “Overview of the DOE Transmission Interconnection Roadmap.” 
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Figure 3.2. Logic Model for Addressing Inefficiency and Cost in Interconnection Processes 

 

NOTE: A fast-track interconnection process is intended to better utilize existing and underutilized interconnection. 
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The approach consists of three parallel COAs: 

1. Standardize generator replacement rules. 

- Review and compare existing generator replacement processes across ISOs. 
- Identify inconsistencies in what qualifies as a material modification and propose 

standardized evaluation criteria. 
- Assess policy options, including FERC updates and regulatory guidance, to 

ensure interconnection eligibility for replacement resources. 

2. Increase transparency and data availability. 

- Evaluate current interconnection data-sharing practices and identify gaps in 
publicly available information. 

- Create a methodology for mapping underutilized interconnection capacity, 
focusing on areas in which interconnection points have low reliability risks. 

- Propose policy measures that mandate grid operators to disclose regional surplus 
interconnection potential. 

3. Proactively identify and utilize surplus interconnections. 

- Collaborate with grid operators and developers to establish best practices for 
identifying and approving surplus interconnection projects. 

- Develop and implement eligibility criteria for fast-tracking surplus 
interconnection projects that pose low reliability risks. 

- Evaluate the potential of grid-forming technologies to address reliability concerns 
that often result in the rejection of surplus interconnections. 

 
These COAs will produce key outputs that pave the way for greater use of existing 

interconnection capacity without the need for costly and time-consuming interconnection 
processes. By establishing consistent and transparent policies, proactively identifying eligible 
projects, and improving access to surplus interconnection data, both developers and grid 
operators will be better equipped to recognize opportunities and deploy resources efficiently by 
2030. The ultimate outcome is a more efficient and cost-effective interconnection process, 
accelerating energy deployment to meet the expected load growth while optimizing the existing 
grid infrastructure. 

There are several risks to our recommended COAs. One risk is that accommodating surplus 
or replacing interconnection process could divert attention and resources from broader 
interconnection reforms. Although fast-track options provide a near-term solution to increase 
capacity, they should not replace comprehensive reforms aimed at addressing systemic 
inefficiencies. To mitigate risks, these COAs should be designed as complementary measures 
that enhance, rather than hinder, long-term interconnection process improvements. Another 
concern is that fast-track options could lead to unequal access to interconnection. To prevent this, 
clear and transparent eligibility criteria must be established to ensure fair access to both surplus 
and standard interconnection opportunities. These criteria should be designed to avoid increasing 
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interconnection costs for other projects, particularly in areas with limited hosting capacity on the 
grid. 

Lessons Learned 

• Surplus interconnection allows new resources to utilize unused transmission capacity at 
existing interconnection points, potentially bypassing or accelerating the otherwise 
lengthy and costly interconnection process.  

• Restrictive evaluation criteria, lack of transparency, and misaligned market mechanisms 
have kept this potential untapped.49 Grid operators frequently reject or limit surplus 
interconnection requests because they have overly conservative reliability expectations,50 
the lack of credit for hybrid resource capacity, and existing interconnection agreements 
that discourage shared use.51 Standardizing and publicly sharing interconnection 
availability would increase developer confidence, enabling more projects to take 
advantage of available capacity.  

• Risk-mitigating technologies, such as battery storage and advanced power plant controls, 
should be part of the surplus interconnection process to mitigate reliability concerns. 

Course of Action: Enhance Transparency to Improve Interconnection Utilization 

Federal agencies, such as FERC and DOE, should enhance transparency and data availability 
by assessing and mapping underutilized interconnection capacity, focusing on interconnection 
points with low reliability risks. Specifically, DOE should leverage its information-collection 
authorities to compel utilities and other energy stakeholders to report this information, which 
would be consistent with the directives of EO 14141. Furthermore, collaboration between federal 
agencies, grid operators, and developers can establish best practices for identifying, supporting, 
and approving surplus interconnection projects and reliability risk-mitigation plans. To 
accelerate the timeline for resource additions to address near-term capacity shortfalls, proactive 
policy actions are needed. Finally, DOE could work with utilities to develop procedures for 
streamlining interconnection approvals for generation resources subject to flexible generation 
management. 

Logic Model 3: Underutilized Transmission 

Background 

The existing transmission infrastructure often remains underutilized because of suboptimal 
line configurations and limited integration of advanced technologies. GETs, such as topology 

 
49 Farmer and Silverman, Unlocking the Power of Surplus Interconnection.  
50 Jabr, “Robust Transmission Network Expansion Planning with Uncertain Renewable Generation and Loads”; 
Edeh, Lie, and Mahmud, “Assessment of Transmission Reliability Margin”; Farmer and Silverman, Unlocking the 
Power of Surplus Interconnection. 
51 Farmer and Silverman, Unlocking the Power of Surplus Interconnection. 
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optimization (TO), dynamic line rating (DLR), and power flow control (PFC), could unlock 
additional capacity and improve grid efficiency. Generally, GETs are designed to improve 
control over the transmission network to improve system reliability and deliver surplus 
capacity.52 Therefore, implementation of this technology would require the support of 
transmission operators and holders of financial transmission rights and might require major 
market design changes.53 

Network TO is the use of the existing power grid infrastructure and adjusting the structure of 
the network to increase grid flexibility and efficiency.54 DLR involves varying the presumed 
thermal rating for transmission lines for environmental and weather conditions and using this 
information in system planning and operation.55 DOE has found capacity increases associated 
with DLR, but adoption in the United States has lagged that in other countries.56 Finally, PFC 
can relieve congestion and limit loop flows.57 Although it is most common in direct-current (DC) 
grids,58 PFC can be adapted to improve the operation of microgrids59 and the connection of 
distributed energy resources.60  

There are several barriers to widespread adoption of GETs, including the following: 

• Transmission owners do not have incentives to adopt GETs: They are rewarded for 
capital expenditures rather than for reducing operation and maintenance expenses. 

• GETs could provide misleading or inaccurate feedback data or data on a different time 
scale from that of current grid operations. 

• Grid operators might have limited capability to handle large data volumes if they 
implement a GET. 

• There are not enough incentives in current rules to consider alternative transmission 
technologies, such as var compensators. 

• Grid operators lack incentives to include innovations in the planning process, and they 
have limited knowledge and data on the cost and impact when GETs are incorporated 
into a grid system. 

 
52 Hedman, Oren, and O’Neill, “A Review of Transmission Switching and Network Topology Optimization.” 
53 Rui, Mirzapour, and Ardakani, “A Revenue-Adequate Market Design for Grid-Enhancing Technologies.” 
54 Hedman, Oren, and O’Neill, “A Review of Transmission Switching and Network Topology Optimization”; Li et 
al., “Exploiting Network Topology Optimization and Demand Side Management to Improve Bulk Power System 
Resilience Under Windstorms.” 
55 International Renewable Energy Agency, Dynamic Line Rating. 
56 DOE, Dynamic Line Rating.  
57 Divan and Johal, “Distributed FACTS.” 
58 Mu et al., “Power Flow Control Devices in DC Grids.” 
59 Ilyushin et al., “State-of-the-Art Literature Review of Power Flow Control Methods for Low-Voltage AC and 
AC–DC Microgrids.” 
60 Monadi et al., “DC Distribution Networks.” 
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Addressing these barriers is crucial for optimizing existing transmission lines and facilitating 
the integration of variable renewable energy (VRE) resources, which would unlock additional 
capacity for AI infrastructure. 

Logic Model 

To overcome these challenges, we propose a logic model framework, shown in Figure 3.3, 
that outlines strategic actions and interventions aimed at promoting the adoption of GETs. The 
framework consists of three consecutive COAs: 

1. Create incentives for adoption. 

- Collaborate with regulatory bodies to realign incentives, emphasizing operational 
improvements alongside capital expenditures. 
§ Develop clear cost recovery authorizations for GETs to ensure financial 

viability for stakeholders. 
- Encourage pilot programs and case studies to demonstrate the cost-effectiveness 

and reliability of GETs. 

2. Enhance data management capabilities. 

- Invest in advanced grid management techniques and data-handling infrastructure 
to support the integration of GETs. 

- Provide training and resources to grid operators to enhance their ability to manage 
and analyze large data volumes. 

- Facilitate access to data on current line performance to inform decisionmaking 
and planning processes. 

3. Promote knowledge sharing and innovation. 

- Establish platforms for sharing information on successful GET implementations, 
including pilots and case studies. 

- Encourage collaboration between stakeholders, such as ISOs, transmission 
owners, and vendors, to foster innovation. 

- Develop guidelines and GET integration standards to streamline the planning and 
implementation process. 
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Figure 3.3. Logic Model for Addressing Underutilization of Transmission Capacity 
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Lessons Learned 

The development and implementation of the logic model for GETs to increase utilization of 
transmission capacity have revealed several crucial insights that can guide future efforts in 
optimizing transmission infrastructure. 

A primary challenge to adopting GETs is risk-averse preferences among grid operators, who 
often have incentives to prioritize capital expenditures over operational innovations. This has 
slowed the integration of advanced technologies. To truly foster innovation, changes must target 
the entire system. This includes revising financial incentives, reshaping regulatory frameworks, 
and cultivating a cultural shift toward embracing technological advances. GET deployment by 
2030 requires real-time data availability and rewarding GET investors to link revenue allocation 
and operation of the technology.61 

Collaboration among stakeholders is also needed for innovation. By fostering partnerships 
among ISOs, utilities, and technology vendors, a culture of shared knowledge and cocreation can 
be established. This collaborative environment is essential for developing effective solutions and 
gaining widespread acceptance of GETs. 

Additionally, GETs present localized opportunities that can be leveraged through 
collaboration between power-sector stakeholders and AI data centers. These partnerships have 
the potential to optimize energy use and enhance grid efficiency, offering mutual benefits and 
fostering innovative approaches to energy management. 

Pilot programs and case studies serve as valuable proofs of concept, demonstrating the 
feasibility and benefits of GETs. By providing tangible evidence of performance improvements 
and cost savings, these initiatives help build trust and confidence among operators and 
regulators, paving the way for broader adoption. 

These lessons underscore the importance of a comprehensive approach to integrating GETs. 
By addressing regulatory alignment, fostering stakeholder collaboration, and leveraging 
localized opportunities, stakeholders can effectively overcome barriers and unlock the full 
potential of existing transmission infrastructure. 

Course of Action: Incentivize Localized Collaborations for GET Adoption 

Power regulators must realign financial incentives to prioritize operational improvements 
alongside capital expenditures. Regulatory bodies, such as FERC and state utility commissions, 
can refine the rewards for making operational efficiencies and technological innovations, 
encouraging stakeholders in the ecosystem to support the adoption of GETs. This shift will 
encourage grid operators to integrate GETs and to renovate less efficient lines with superior 
conductor materials. FERC can also set requirements for using certain GETs through 

 
61 Rui, Mirzapour, and Ardakani, “A Revenue-Adequate Market Design for Grid-Enhancing Technologies.” 
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rulemaking, and DOE can establish conductor standards. Tariff reform by FERC to improve 
utilities’ ability to recoup the costs of these investments can incentivize further action. 

Targeted implementation of GETs should focus on locations that maximize impacts, 
particularly through collaborations between grid operation stakeholders and AI data centers. 
These partnerships can leverage GETs to unlock additional power capacity, optimizing energy 
use and enhancing grid efficiency in specific regions. The partnerships could also explore 
flexible-demand arrangements among grid users that improve grid efficiency and expand 
interconnection opportunities. Pilot programs in these areas can demonstrate GETs’ cost-
effectiveness and reliability, providing tangible evidence that supports broader regulatory 
changes and adoption.  

A critical supply chain constraint that emerged from our interviews is the potential for 
significant delays in obtaining new transformers, which are essential for stepping down high-
voltage transmission to serve data centers and other end users. Persistent transformer shortages 
could limit operators’ ability to bring new utility-scale capacity or high-voltage transmission 
online, even if other barriers are addressed. In this context, the adoption of GETs becomes even 
more important in the short term. 

Logic Model 4: Lack of Options to Deploy Technologies for Backup 
Generation 

Background 

Load flexibility has been discussed as an important solution to reduce power requirements 
and accommodate more data centers without the need for new generation.62 Data center 
workloads can offer substantial flexibility in electricity demand from the grid, with the potential 
for workload shifting and switching to local generation.63 Load flexibility programs, such as 
demand response, can offer a solution for data center revenues and costs associated with the 
supply of electricity while supporting the grid.64 As first explained by Liu et al. in Performance 
Evaluation,65 because the data center has local backup generation, it can, even without using 

 
62 Wierman et al., “Opportunities and Challenges for Data Center Demand Response”; Norris et al., Rethinking 
Load Growth.  
63 Liu et al., “Data Center Demand Response.” Although data center operations can be delay tolerant and can offer 
flexibility through workload shifting, the combination of curtailment and local power generation, such as traditional 
backup generators and colocated renewable power installations, provides increased cost savings of up to 40 percent 
and can unlock additional capacity (see Liu et al., “Data Center Demand Response”). For this discussion, local 
resources that are BTM are considered flexible, while colocated resources connected to the grid might be less 
flexible because they are used more frequently. For data center workloads, there is a base inflexible workload, plus 
more-flexible workloads that can be shifted to other data centers or delayed until sufficient power is available. 
64 Wierman et al., “Opportunities and Challenges for Data Center Demand Response.” 
65 Liu et al., “Data Center Demand Response.” 
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adaptive workload shifting, provide demand response by turning on the backup generator when 
warnings are received from the utility. Today, those data centers that actively participate in 
demand response programs typically use this approach. The reason is that the cost of local 
generation is typically significantly less than the coincident peak price, and the number of 
warnings per month is small enough to ensure that it is cost efficient to turn on generation every 
time a warning is given. Of course, there are drawbacks to using local generation, including that 
it is typically provided by diesel generators, which often have very high emissions and costs.66 
Thus, it is important to do workload shifting in a manner that minimizes the use of local 
generation, if possible. 

Data centers typically use tier 2 diesel generators for backup generation.67 Backup and on-
site generation use has little transparency,68 is a source of community conflict,69 and faces state 
regulation that is intended to curb increasing emissions.70 However, there are potential 
applications of backup generation as part of a data center’s regular operations to shave peak 
power demands.71 Modern technology allows low-emission alternatives, such as renewable 
diesel (hydrotreated vegetable oil), hydrogen energy storage, batteries (lithium ion and sodium 
sulfur) and compressed-air energy storage.72 We refer to these as nondiesel solutions. Many 
nondiesel solutions have barriers to entry, such as scaling costs, and are used less than diesel. 
Generally, these alternatives have positive externalities and should be incentivized. 

Therefore, there are barriers to both diesel and nondiesel colocated generation being used to 
support the grid during system emergencies. We identified four such barriers: 

• EPA rules require diesel backup generators (RICE, NESHAP, or NSPS) to meet specific 
compliance requirements, such as being operated for up to only 50 hours per year in 
specific situations.73 

 
66 EPA, “EPA Emission Standards for Nonroad Engines and Vehicles”; Glanz, “The Cloud Factories.” 
67 Norris et al., Rethinking Load Growth; Secretary of Energy Advisory Board, “Recommendations on Powering 
Artificial Intelligence and Data Center Infrastructure.” Tier 2 diesel generator refers to an engine that meets the 
EPA tier 2 emission standards for nonroad diesel engines. These standards set limits on emissions of nitrogen 
oxides, particulate matter, hydrocarbons, and carbon monoxide to reduce air pollution from diesel-powered 
equipment. Tier 2 generator standards are less stringent than those at higher tiers (such as tiers 3 and 4). 
68 Rand et al., Queued Up. 
69 Merica and Bedayn, “As Data Centers Proliferate, Conflict with Local Communities Follows.” 
70 Oregon State Legislature, Relating to High Energy Use Facilities. 
71 Dabbagh et al., “Shaving Data Center Power Demand Peaks Through Energy Storage and Workload Shifting 
Control”; Wierman et al., “Opportunities and Challenges for Data Center Demand Response.” 
72 Kambhampati, van den Dobbelsteen, and Schild, “Moving Beyond Diesel Generators”; He et al., “Analysis on 
Data Center Power Supply System Based on Multiple Renewable Power Configurations and Multi-Objective 
Optimization.” 
73 According to U.S. Environmental Protection Agency, “Fact Sheet and Frequently Asked Questions,”  
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• Data centers are disincentivized from interconnecting colocated generation resources to 
the grid or bringing generation resources online at the appropriate time. 

• Cost allocation issues (general customers versus colocated clients) arise when colocated 
generation sources are interconnected. 

• EPA carbon pollution standards for power plants set carbon dioxide limits that disallow 
backup generators from being used in periods of peak demand. 

Current data centers rely on diesel generators that are restricted by EPA emission standards 
requiring RICE, NESHAP, or NSPS.74 These further limit available options: Typical permits 
allow only emergency operation of backup generators.75 Diesel fuel supply, limited on-site 
storage, and corporate sustainability goals were other concerns raised by industry stakeholders 
during our semistructured interviews. There are also issues in implementing effective cost 
allocation mechanisms to incentivize demand response and supplemental generator use for peak 
shaving.76 

We propose a COA for supplemental generator usage focused primarily on modifying tariffs 
(rate schedules) for data centers connected to the grid, such that they have incentives to adopt a 
flexible technology and use nondiesel BTM supplemental generation to alleviate grid constraints 
during peak demand events.77 Dynamic tariffs can encourage demand response, such as shifting 
loads to on-site generation.78 Demand response programs encourage the curtailment of large 
loads, increasing the grid’s available capacity.79 This is accompanied by other initiatives to 
increase backup generator efficiency and availability, such as reviewing existing regulations and 
targeted support to colocating generation. That is, a successful demand response program is 

 
The EPA’s emission standards for stationary engines include provisions specifying situations 
under which emergency engines can be operated for up to 50 hours per year to prevent the 
interruption of power supply in a local area. The regulations containing those provisions are: 

• National Emission Standards for Hazardous Air Pollutants (NESHAP) for Stationary Reciprocating 
Internal Combustion Engines (40 C.F.R. Part 63, Subpart ZZZZ); 

• Standards of Performance for Stationary Compression Ignition Internal Combustion Engines (40 
C.F.R. Part 60, Subpart IIII); and 

• Standards of Performance for Stationary Spark Ignition Internal Combustion Engines (40 C.F.R. Part 
60, Subpart JJJJ). 

74 Meissner, “EPA Emission Standards for Diesel Generators.” 
75 Secretary of Energy Advisory Board, “Recommendations on Powering Artificial Intelligence and Data Center 
Infrastructure”. 
76 Liu et al., “Pricing Data Center Demand Response”; Wierman et al., “Opportunities and Challenges for Data 
Center Demand Response.” 
77 This recommendation is given solely on the basis of increasing maximum energy supply to large data centers. The 
proposed tariff changes might be controversial because of increased federal pressure on states and increasing costs 
for data centers that could inadvertently increase concentration of data center and AI markets by increasing barriers 
to entry. 
78 Guo and Weeks, “Dynamic Tariffs, Demand Response, and Regulation in Retail Electricity Markets.” 
79 Norris et al., Rethinking Load Growth. 
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supported by initiatives to address regulatory and cost barriers so that there are sufficient market 
incentives to adopt nondiesel backup solutions that will be used during power emergencies. This 
requires cooperation between multiple stakeholders.  

Logic Model 

Figure 3.4 outlines the process for addressing these barriers. 
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Figure 3.4. Logic Model for Incentivizing Adoption of Backup Generation Technology 
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Inputs to the process require consideration of status quo tariffs, existing physical backup 
generation, workforce and industry capacity, federal and state laws, regulatory processes, 
technology for backup generation, time, staff, expertise, supply chains, and materials. The 
resources available to the federal government are the existing institutions through which the 
electrical grid operates and incentivizes generation, the technology available for backup 
generation, and the physical labor, capital, and expertise to implement the necessary changes. 

Stakeholders include data centers, utilities, ISOs, FERC, EPA, state utility commissioners, 
and circuit courts. Utilities are regulated load-serving entities (LSEs) that typically negotiate 
specific rate structures with data centers and other users of large loads. The policy focuses on 
data centers, with a goal of encouraging data centers to use backup generation more frequently in 
emergencies. Here, the term emergency refers to a short- to medium-term scenarios that could 
result in an LSE having deficient power supply (e.g., VRE fluctuations and adverse weather 
leading to an LSE being unable to meet peak demand).80 This combination of demand response 
and incentivizing local generation can be implemented through utilities adjusting tariffs to 
provide market incentives for backup generation. The utilities can be requested to do so through 
rulings by ISOs, state utility commissions,81 or FERC per Section 205 of the Federal Power 
Act.82 The ISOs are directly beholden to FERC, but the state utility commissions are more 
independent. A utility or ISO can challenge a tariff change process in circuit court.83 EPA has 
responsibility for current regulations on backup generation use and emission standards, 
particularly for the most-popular diesel generators. 

The first action proposed is a review of backup generator regulations. This would be 
conducted by the federal government, with appropriate FERC or EPA bodies implementing 
necessary changes to various regulations and recommending changes at state levels where 
appropriate. Next is a suite of targeted non-market industry support by the government for 
backup and distributed generation technologies.84 Once the appropriate regulations and support 
structures are in place for this COA, the proposed tariff structure to incentivize demand response 

 
80 Cao, Zhang, and Poor, “Data Center Demand Response with On-Site Renewable Generation.” 
81 For example, consider tariff change processes in California (California Public Utilities Commission, General 
Order 96-B). Virginia has taken a similar approach with a notice filed in response to a State Corporation 
Commission Order before tariffs can be approved according to Virginia Code, § 56-236, Public Utilities Required to 
File Schedules of Rates and Charges, Rules and Regulations, When Detariffing of Telephone Services to Be 
Permitted; § 56-237, Jurisdiction of Commission when Federal Facility Ceases to Be Retail Customer of Electric 
Utility; § 56-581, Regulation of Rates Subject to Commission’s Jurisdiction; and § 56-585.1, Generation, 
Distribution, and Transmission Rates After Capped Rates Terminate or Expire. 
82 Public Law 66-280, Federal Water Power Act. 
83 For example, in PJM Power Providers Grp. v. FERC, the U.S. Court of Appeals for the Third Circuit upheld and 
clarified a precedential opinion that it had the authority to review tariff revisions filed by FERC under Section 205 
of the Federal Power Act.  
84 This directly involves decreasing regulatory barriers and may also include such support as training programs and 
zoning for industrial and manufacturing precincts. 
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would be drafted. Then the tariff change processes would be implemented. For the parts of the 
country within the jurisdiction of an ISO or RTO, FERC can initiate this process. In other 
regions, the process is left to the states, but established procedures for this action exist, such as in 
California and Virginia. Finally, the new tariff structure would be implemented into law, 
outlining the rates for data centers. 

There are expected outputs for each proposed action. The review of backup generator 
regulations would be accompanied by regulatory amendments. Industry support would help 
incentivize backup generator use and decrease costs for nondiesel technologies. The new tariff 
structure itself is an output, in that it will represent a rate menu for data centers and other large-
load consumers that will incentivize demand response activities, such as switching to 
supplemental generation. In general, the high-level tariff change process at the federal level and 
for California and Virginia consists of a commission order on data center tariffs, notification of 
consumers, and then, once accepted, the submission, compilation, and publication of tariffs. 
Finally, the rates issued to data centers by the grid operator or utilities and the cost of electricity 
would follow the new tariffs. 

This program’s outcomes hinge on the elasticity of demand that data center backup generator 
usage has for tariff changes. Following actions and outputs, data centers would be encouraged to 
use diesel emergency generators up to EPA’s permitted 50 hours per year and nondiesel 
solutions for more than 50 hours, depending on the frequency and nature of emergencies. Then, 
when a peak demand event occurs, electricity rates would increase per updated tariffs.85 This 
incentivizes data centers to bring supplemental generators online, cutting load demand on the 
electrical grid.86 In effect, the planned peak shaving increases the effective load-carrying 
capability (ELCC) of intermittent resources by allowing loads to be decreased when load 
exceeds power capacity. 

Enablers to incentivize backup generation to decrease data center demand from the grid 
involve cooperation between stakeholders as part of a demand response program.87 A common 
understanding between the federal government, state governments, and ISOs is required to 
implement tariff changes without delay. The success of the COA also depends on the availability 
of low-cost backup generation technologies that can be colocated with data centers. In effect, this 
requires the technology, cost, and zoning requirements to permit colocation. Finally, the 
approach is supported by data center willingness to participate in demand response programs. 
Incentivizing data center willingness requires readily available renewable or low-carbon backup 
generation technology. 

 
85 Roos, “Industrial Power Demand Response Analysis for One-Part Real-Time Pricing.” 
86 DOE, Benefits of Demand Response in Electricity Markets and Recommendations for Achieving Them. 
87 Zhang et al., “Optimal Sizing and Planning of Onsite Generation System for Manufacturing in Critical Peaking 
Pricing Demand Response Program.” 
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There are multiple risks in using backup generators as part of a demand response program: 
The new pricing structure needs to be sufficient to ensure commitment mechanisms or 
compliance with the program, and backup generators face reliability risks either as VREs or from 
oil and gas supply chains. Historical participation in demand response programs has been low, 
between 10.1 percent in Midcontinent Independent System Operator (MISO) programs and 1.4 
percent in Southwest Power Pool (SPP) programs.88 As the operator of the United States’ largest 
demand response program, MISO has faced significant challenges in ensuring compliance and 
participation with the program. A March 2025 filing with FERC indicates that MISO has 
encountered issues with “payment for nonexistent or overstated curtailments,” “inaccurate or 
inflated baselines that curtailments are based on,” “fraudulent registration of resources,” and 
“tariff changes dealing with issues such as audit rights, and changes to testing and ‘make whole’ 
payments.”89 Given that large language models have the potential to expose tax loopholes90 and 
explain complex regulatory frameworks in the oil and gas industry,91 there is a risk that a data 
center will use AI to exploit loopholes in market rules and the new tariff structure, which could 
lead to significant financial and reliability implications. Although this risk can be minimized 
with an adequate pricing schedule and implementation, there is also a potential for industry 
resistance and legal challenges to proposed tariff changes. Other risks include the reliability and 
efficiency of the operation of backup generation resources. 

Lessons Learned 

• A key COA is collaboration between FERC and ISOs to implement a tariff change for 
data centers and other large loads. New tariffs could incentivize data centers to 
disconnect from the grid and use innovative nondiesel solutions during emergencies. 

• Regulatory, cost, and technological barriers need to be addressed first. 
• Implementation of tariff changes could have legal impacts and be time-consuming 

without sufficient stakeholder cooperation. 
• Incentivizing backup generation requires increasing costs for large loads to access grid 

power during emergencies. Allowing data centers to operate on local generation during 
peak periods reduces the load on the grid, effectively increasing capacity on the grid. 

• There are potential impacts of large generation resources being allocated to BTM or 
supplemental generation instead of being connected to the grid, which would affect the 

 
88 Norris et al., Rethinking Load Growth. 
89 Howland, “MISO Proposes Demand Response Rule Changes to Stem Market Fraud, Gaming”; FERC, 
“Midcontinent Independent System Operator, Inc. Tariff Revisions for Demand Response Participation 
Requirements.” 
90 Fratrič, Holzenberger, and Restrepo Amariles, “Can AI Expose Tax Loopholes?” 
91 Aziza, Uzougbo, and Ugwu, “The Impact of Artificial Intelligence on Regulatory Compliance in the Oil and Gas 
Industry.” 
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grid’s capacity.92 Any decisions for supplemental generation technology previously 
requesting grid interconnection should consider grid reliability and resource adequacy 
implications before approving access to only a data center or other user of a large load. 

Course of Action: Support Supplemental Generation, Then Change Tariffs to Incentivize 
Emergency Use 

First, FERC and EPA should review regulations on supplemental generator use, identifying 
and removing barriers to nondiesel supplemental generation. Then DOE or EPA should launch 
initiatives to provide targeted industry support to supplemental generator technology 
development and to supplemental generator adoption from large loads, such as data centers. At 
the same time, EPA should engage state environmental agencies in streamlining state-level 
requirements for maintaining supplemental generation, including by incorporating a region’s 
total stock of supplemental generation resources when calculating generation requirements for 
individual new projects. Following these initial steps, FERC and ISOs should draft a new tariff 
structure for data centers to incentivize demand response. FERC and ISOs should enact the tariff 
change process according to relevant regulations, legislation, and institutional rules.93 This would 
allow the tariffs to be implemented, allowing prices to increase during emergencies to the point 
that backup generation is encouraged and load decreases. Effectively, this can increase the 
capacity connected to the grid during nonemergency events by allowing a greater curtailment 
rate of peak loads. 

Summary 
Table 3.1 summarizes the findings from our logic models. It highlights the critical barriers 

and proposed avenues of change necessary to enhance energy capacity for AI data centers in the 
near term. The table presents the identified problems—permitting delays, inefficient and costly 
interconnection processes, and underutilized transmission capacity, and a lack of incentives to 
adopt technology for backup generation—and outlines strategic COAs to address these 
challenges. By streamlining and coordinating permitting processes for power infrastructure on 
federal land, fast-tracking interconnection procedures, and leveraging GETs to unlock additional 
capacity, the proposed solutions are intended to overcome existing barriers effectively. These 
strategic pathways provide a framework for stakeholders to follow. We have listed target actions 
that support the rapid deployment of additional electricity to satisfy energy demand from AI and 
foster the development of a resilient energy ecosystem. In Chapter 4, we discuss the estimated 
impact of these changes.  

 
92 Although data center capacity increases by moving the resources BTM, the electrical grid’s generation potential 
might no longer meet reliability standards for other end users. 
93 Regions of the grid with more local balancing authorities and ERCOT will require additional state utility 
commission support or requirements.  



 36 

Table 3.1. Barriers’ Themes and Proposed Avenues of Change 

Problem or Barrier Avenue of Change 
Permitting delays  Streamline and coordinate permitting for power infrastructure supporting 

AI priority sites on federal land. 

Inefficient and costly interconnection 
processes 

Fast-track the interconnection process to better utilize existing and 
underutilized interconnection. 

Underutilized transmission  Use GETs to unlock more capacity. 

Lack of incentives to adopt technologies 
for backup generators 

Provide incentives for a diverse mix of supplemental generation used to 
support the grid during system emergencies. 
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Chapter 4. Estimating Impact 

In this chapter, we build on the logic models detailed in Chapter 3 to describe quantitative 
projections of potential additional capacity achievable through the proposed COAs. By applying 
the COAs formulated in these logic models, we provide an analysis of additional gigawattage 
that could be available to AI-driven data centers. This chapter evaluates the anticipated impacts 
of permitting reforms, interconnection optimizations, GETs, and incentives for backup 
generation. Through these estimates, we offer stakeholders a quantitative perspective on the 
interventions proposed to meet future energy demands. 

In a previous report in this RAND series, Assessing the United States’ Additional Power 
Capacity by 2030,94 we aggregated interconnection queue capacities with reference to an 
available capacity metric that could serve increasing data center loads. Many estimates were 
made for actions that could help move input parameters in that model of interconnection queues 
in a favorable direction. For example, different actions could lead to effects on completion rates, 
ELCC, timelines, and transmission losses. The rest of this chapter outlines how ballpark 
estimates of the proposed COAs were determined based on this underlying model. 

Where possible, we estimated potential impacts with reference to our model of ISO 
interconnection queues.95 This model forecasts available capacity by 2030 absent government 
intervention by adjusting nameplate capacity of resources requesting interconnection to account 
for completion rates, ELCC, and transmission losses for each resource. The factors affecting 
available capacity vary with a proposed generator’s resource type, region, and project status. 

Estimates for Logic Model 1: Addressing Permitting Delays 
Four COAs were recommended to streamline and coordinate permitting for power 

infrastructure and support AI priority sites on federal land: 

1. Identify suitable federal land for AI power priority sites. 
2. Engage stakeholders to ensure that environmental interests are protected. 
3. Engage developers and assess the economic and grid viability of these sites. 
4. Develop a streamlined permitting process for AI power sites, leveraging federal authority 

to pre-permit transmission corridors across federal land. 
In the short term, these actions are expected to improve decisionmaking on permitting 

through increased stakeholder awareness, streamlining key decisions, improving data 

 
94 Arciniegas Rueda et al., Assessing the United States’ Additional Power Capacity by 2030. 
95 Details on this model can be found in Arciniegas Rueda et al., Assessing the United States’ Additional Power 
Capacity by 2030. 
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availability, and coordinating the identification of federal AI priority sites and developer 
expressions of interest under EO 14141. 

The full impact of changes to permitting processes can be realized only by also taking 
various actions to reform interconnection processes. Otherwise, the permitting actions might 
have only minimal impacts aside from increased interconnection queue congestion. In general, 
potential outcomes of these policies are estimated for three potential outcomes: 

• Streamlined permitting leads to project deadlines and completion or interconnection dates 
brought forward six to 12 months.96 From the interconnection queue modeling, this is 
equivalent to between 5 and 12 GW in additional available capacity.97 Faster permitting 
and impact on reducing total project timelines are particularly related to coordination 
between federal agencies and to restrictions on right-of-way and land-access 
considerations. 

• Timely completion of environmental reviews for gas projects could increase completion 
rates to 50 percent for both proposed and forecast gas generation. This indicates a 
potential additional magnitude of around 11 to 22 GW.98 Backlogs in natural gas turbine 

 
96 Bauer et al., “Eight Facts About Permitting and the Clean Energy Transitions”; Rand et al., Queued Up. This 
might be a conservative estimate range. The full delays caused by interconnection processes between 2016 and 2023 
have been estimated at 47 months (see Bauer et al., “Eight Facts About Permitting and the Clean Energy 
Transitions”) and between 2018 and 2023 as more than four years (see Rand et al., Queued Up). However, there is 
insufficient evidence to suggest that improvements to permitting processes could entirely remove existing delays 
from the system, which is why the conservative six- to 12-month timeline is used in the estimate here.  
97 The approach to data analysis and computation mirrors that of our previous work (Arciniegas Rueda et al., 
Assessing the United States’ Additional Power Capacity by 2030), in which the methodology is described in detail. 
We estimated 5 GW from projects that would be completed by June 30, 2031, and 12 GW from those expected by 
December 31, 2031, reflecting accelerated timelines from streamlined permitting. 
Planned nameplate capacity is estimated from October 2024 interconnection queues from data on region-specific 
transmission line losses and ELCC estimates specific to each ISO region (California Independent System Operator 
[CAISO], homepage; ERCOT, homepage; ISO New England, homepage; MISO, homepage; New York Independent 
System Operator [NYISO], homepage; SPP, homepage). Non-ISO planned capacity is as reported in EIA, “Electric 
Power Monthly.” Expected nameplate capacity applies historical completion rates to planned capacity, as estimated 
from CAISO, NYISO, SPP, and MISO interconnection queues and self-reported by ERCOT. For resources outside 
these ISOs (non-ISO and ISO New England), we used the average of those values from the ISO regions. Planned 
retirement resources are estimated by applying ELCC and transmission loss factors to nameplate capacity of 
resources scheduled for retirement between 2025 and 2030 that appear in EIA, “Electric Power Monthly.” Net 
available capacity for 2025–2030 is calculated as available capacity additions minus planned retirements. 
98 As of October 2024, more than 31 GW of proposed gas projects were listed in ISO interconnection queues. Given 
the additions from November 2023 to October 2024, another 32 GW in gas projects could be proposed before 2030, 
with optimistic timelines targeting interconnection by 2030. Historically, average gas completion rates are 
approximately 25 percent across U.S. ISOs. This indicates expected completion of approximately 16 GW of 
nameplate gas capacity by 2030, delivering 12 GW in available capacity. 
The exact effect of lengthy environmental review processes is unclear. For this estimate, we assumed that projects 
most affected by environmental review, such as oil and gas projects, are likeliest to be completed. Under this 
assumption, the low estimate increases completion rates for the 31 GW of gas projects in the queue by 50 percent 
(yielding 17 GW, an increase of 11 GW over the historical rate), and the upper estimate increases rates for all gas 
projects (proposed and forecast) and forecast to 50 percent (yielding 34 GW, an increase of 22 GW over the 
historical rate). For more details, see Arciniegas Rueda et al., Assessing the United States’ Additional Power 
Capacity by 2030. 
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production are an additional barrier on the industry side. Our estimate is based on 
applying historical completion rates to projects requesting interconnection queues, so we 
assume that this is a short-term barrier, with the market returning to equilibrium prior to 
2030. 

• Completion of several large-scale generation clusters on federal land can support AI data 
centers and initiatives, such as the Stargate Project. Such initiatives would require a high 
degree of coordination between federal agencies, and it is unclear what sites would be 
particularly suited to large-scale generation projects, the scale of investment available, 
and the number of such sites. With reference to public announcements about Stargate,99 
we expect the potential for 0 to 20 GW in generation from federal sites. The next section 
explains this estimate in further detail.  

Together, these three outcomes indicate our expectation that the proposed permitting policies 
have the potential to increase available capacity for AI data centers by anywhere between 16 and 
54 GW. This estimate does not directly consider any changes to NEPA permitting processes. The 
estimate should be best interpreted as the approximate magnitude associated with addressing 
permitting constraints; realizing the full benefit of addressing permitting also requires other 
actions to reform interconnection queues. 

Potential for Supercluster Artificial Intelligence Projects and Generation on Federal Land 

The upper bound of our estimate from generation projects on federal land is 20 GW, 
representing around ten projects of approximately 2 GW each. It is important to note that this 
potential is not necessarily in addition to the 25 GW that Stargate might aim to deliver ($500 
billion funding, with $100 billion commitments for each approximately 5-GW cluster). The 
process outlined to streamline generation permitting unlocks capacity for currently planned and 
future generation projects, including those needed for Stargate. Without the recommended 
policies, Stargate’s ambitions might not be realized by 2030. 

The identification and use of federal sites will be useful for projects like Stargate. Although 
Stargate has had $500 billion in funding announced, the first stage is $100 billion committed 
with construction starting in Texas.100 OpenAI, one of the partners of the consortium behind 
Stargate, has suggested the need for 5-GW data centers at $100 billion each,101 an aspiration that 
has been reported elsewhere in relation to Stargate.102 

 
99 Lacey and Clavenna, “What Stargate Says About Power at the AI–Energy Nexus”; Jacobs, “Trump Announces 
Up to $500 Billion in Private Sector AI Infrastructure Investment”; Swinhoe, “Crusoe Signs $3.4bn Joint Venture 
with Blue Owl”; Meyer, “OpenAI Reportedly Wants to Build 5-Gigawatt Data Centers, and Nobody Knows Who 
Could Supply That Much Power”; Gardizy and Efrati, “Microsoft and OpenAI Plot $100 Billion Stargate AI 
Supercomputer.” 
100 Forbes Breaking News, “Breaking.” 
101 Moss, “Microsoft and OpenAI Consider $100bn, 5GW ‘Stargate’ AI Data Center”; Meyer, “OpenAI Reportedly 
Wants to Build 5-Gigawatt Data Centers, and Nobody Knows Who Could Supply That Much Power.” 
102 Warrick, “AI Boom Comes to Texas, Sparking Natural Gas Demand Surge.” 
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Stargate’s initial aims appear particularly ambitious. The actual size of the announced data 
center being developed in Abilene is closer to 1.2 GW.103 However, recent press releases have 
indicated contracts for up to 4.5 GW of power to be delivered to the site.104 OpenAI has 
previously discussed five to seven105 and five to ten sites of similar sizes in the Stargate 
cluster.106 If $100 billion has been allocated of $500 billion total, that is more evidence for 
around five such clusters. Other facilities indicate that 1- to 3-GW clusters are likely more 
feasible as a step up from current data center technology. Projects on this scale include IREN 
Sweetwater (2 GW),107 Microsoft’s power purchase agreement with Constellation for restarting 
Three Mile Island (just under 1 GW),108 Meta Louisiana (1.5 to 2.3 GW),109 and Northern 
Virginia’s “data center alley” clusters, which total more than 4 GW in power consumption.110 
Similarly, specifically for generation on federal land, the largest existing projects include the 
Lava Ridge Wind Project in Idaho (1 GW), Fervo Energy’s Cape Station in Utah (2 GW), and 
the Bellefield Gen-Tie in California, which will connect approximately 1.5 GW of hybrid solar 
storage to the grid.111 

The extent to which similar projects, if any, could be developed through the identification 
and prioritization of federal sites is also unclear. For this reason, we assume that the potential 
impact of the proposed permitting actions is less than Stargate’s maximal aspirations, despite 
streamlined permitting affecting multiple projects in addition to Stargate. It could also be that 
superclusters are better suited to development on public land and brownfield sites that have 
existing infrastructure necessary to support large generation and loads. 

In contrast to Stargate, around ten new projects of 2 GW each is optimistic for the number of 
potential projects on federal land and pessimistic in terms of total capacity per project, according 

 
103 Crusoe Energy Systems, “Crusoe to Build Initial 200 MW AI Data Center with Plans to Expand at 1.2GW 
Lancium Clean Campus”; LANCIUM, “Abilene, TX Clean Campus.” 
104 Engine No. 1 and Crusoe, “Engine No. 1 and Crusoe Partner to Launch Powered Data Center Infrastructure Joint 
Venue.” 
105 Meyer, “OpenAI Reportedly Wants to Build 5-Gigawatt Data Centers, and Nobody Knows Who Could Supply 
That Much Power.” 
106 O’Brien and Associated Press, “OpenAI Is Combing Through over a Dozen U.S. States for Ideal Spots to 
Establish ‘Somewhere Between 5 to 10’ Stargate AI Data Centers.” 
107 Snowball, Roberts, and Tan, “IREN Secures 2.75GW for Data Centers in West Texas with New 600MW Grid 
Connection Agreement”; Womack, “IREN Announces Plans to Expand in Sweetwater with 2GW Data Center Hub.” 
108 Mandler, “Three Mile Island Nuclear Plant Will Reopen to Power Microsoft Data Centers”; Constellation, 
“Constellation to Launch Crane Clean Energy Center, Restoring Jobs and Carbon-Free Power to the Grid.” 
109 Chu and Smyth, “AI Set to Fuel Surge in New US Gas Power Plants”; Louisiana Economic Development, “Meta 
Selects Northeast Louisiana as Site of $10 Billion Artificial Intelligence Optimized Data Center.” 
110 Saul, “Data Centers Now Need a Reactor’s Worth of Power, Dominion Says”; Edelen and Xu, “Impacts of 
Virginia Data Center Demand Growth on the Power System.” 
111 BLM, “Active Solar and Wind Projects.” 
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to industry and expert opinions on Stargate’s potential build-out.112 This also supports other 
findings in industry and academia supporting the use of geodistributed AI clusters for AI training 
and inference activities.113 

Estimates for Logic Model 2: Fast-Track Interconnection 
Three key COAs were proposed to optimize surplus and existing interconnection capacity to 

accelerate resource deployment: 

1. Standardize generator replacement rules. 
2. Proactively identify and utilize surplus interconnection. 
3. Increase transparency and data availability. 

We expect two outcomes as a result of policies fast-tracking interconnection process and 
improving transmission capacity: 

• Improvements to the processes for replacing retired generation. We assume that, through 
consistent and transparent generator replacement rules, replacements of generation 
resources will be timely. This would prevent reductions in available capacity (22 GW) by 
preventing planned retirements of current generation resources, unlocking additional 
capacity above the 82-GW estimate in our previous report.114  

• Increased utilization of surplus interconnection. This increases the available capacity by 
up to 86 GW because it increases the capacity accreditation factor (CAF) for existing 
resources. Together, interconnection reforms have the largest potential impact (65 to 130 
GW) of any policies proposed in this report.  

Efforts to reform interconnection processes are best complemented with also improving 
various permitting requirements, as suggested in logic model 1. Improvements to interconnection 
processes more generally could take many years, but generator replacement and surplus 
interconnection can operate in the current framework to deliver results faster than full-scale 
reform. Support from other policies outlined, such as permitting and GETs, might also increase 
the effectiveness of initiatives to improve interconnection. 

Analysis 

Approximately 56 GW of nameplate capacity currently connected to the grid is scheduled for 
retirement between 2025 and 2030.115 Application of region- and resource-specific performance 

 
112 Strickland, Waltz, and Genkina, “Experts Weigh in on $500B Stargate Project for AI.” 
113 Patel, Nishball, and Ontiveros, “Multi-Datacenter Training”; Hogade and Pasricha, “Game-Theoretic Deep 
Reinforcement Learning to Minimize Carbon Emissions and Energy Costs for AI Inference Workloads in Geo-
Distributed Data Centers”; Qin et al., “Joint Energy Optimization on the Server and Network Sides for Geo-
Distributed Data Centers.”  
114 Arciniegas Rueda et al., Assessing the United States’ Additional Power Capacity by 2030. 
115 EIA, “Preliminary Monthly Electric Generator Inventory.” 
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factors indicate that the 56 GW of retiring capacity contributes approximately 44 GW of 
available capacity to the grid.116 Therefore, between 22 GW and 44 GW of additional capacity 
could be achieved if at least half of all planned retirement resources can be replaced with new 
generation. This replacement process can be a fast-tracked option that exists on top of the normal 
interconnection process. 

Surplus interconnection occurs when a VRE project is allocated much more transmission 
capacity than it would typically use, such as a solar project using its maximal allocated capacity 
only during the middle of the day. Therefore, there is a potential for other projects to be 
interconnected through the same capacity for generation when VRE output is below maximum. 
Our analysis assumes that VREs have full interconnection rights for their nameplate capacity, so 
adding storage will not trigger further upgrades.117 Storage will never discharge during a 
photovoltaic resource’s maximum output time; instead, it will charge from solar and reduce 
output to grid, and then battery generation can be used at night. Therefore, the output from the 
new hybrid resource can be accommodated with existing interconnection rights and transmission 
capacity.118 This policy’s effect is modeled as equivalent to adding battery storage to intermittent 
generation. 

No specific ELCC factors have been studied or reported for most hybrid resource types 
because of the numerous combinations of possible technology, capacity, and use options. 
Consequently, hybrid resources require consideration of multiple ELCC factors. We reflect the 
contributions of both resource types while capping them at the maximum nameplate capacity.119 
We model effective capacity (EC) for hybrid solar with battery and for hybrid wind with battery 
resources according to the following formula:120 

 
116 Arciniegas Rueda et al., Assessing the United States’ Additional Power Capacity by 2030. That report provides 
details of this calculation; in particular, see Table 2.5 and the discussion in Chapter 2 of available capacity. 
117 A policy mechanism to achieve a streamlined and transparent surplus interconnection process is having publicly 
available transmission hosting capacity maps and data, which can be used to fast-track the interconnection process 
for low-risk interconnection points.  
118 We did not model the impact that such a policy could have on transmission congestion. Our theory of change 
and our logic model propose the development of maps and increased data resources to determine areas with 
substantial surplus and thereby allowing additional resources to be connected without increasing capacity. The 
maximum determinations of 87 GW (FERC jurisdiction) and 130 GW (contiguous United States) are theoretical 
maximums. Therefore, the actual available surplus interconnection might be less than the potential capacity 
additions from all VRE projects after accounting for impact on transmission congestion, and thus less than 130 GW. 
119 SPP, Report on Hybrid Resources of Southwest Power Pool, Inc. In an interconnection request for a hybrid 
resource, capacity is usually based on the maximum power output of the larger resource. This is because storage is 
typically used for charging from other generating resources, making simultaneous discharge by both resources to 
grid unlikely. Here, the cap also makes sense in the sense of utilizing existing interconnection capacity for the 
original VRE resource. 
120 More details on this model can be found in Arciniegas Rueda et al., Assessing the United States’ Additional 
Power Capacity by 2030. 
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Table 4.1 presents sample ELCC factors for 1 MW of solar, wind, and battery and for hybrid 
resources with 1 MW of each component. In the CAISO region, adding an equal amount of 
battery storage capacity to existing solar increases the ELCC factor from 8.8 percent to 85 
percent. For example, adding 100 MW of battery to 100 MW of solar provides an additional EC 
of about 76 MW if battery storage can use surplus transmission capacity.  
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Table 4.1. Hybrid Effective Load-Carrying Capability Factors for Surplus Interconnections, 
Expressed as Percentages of Nameplate Capacity of the Generation Resource 

Balancing 
Authority Area Solar Wind Battery Hybrid Solar Hybrid Wind 

CAISO 8.8 14.7 76.5 85 91 

PJM 10.5 34.0 67.0 78 100a 

MISO 38.8 26.2 75.7 100a 100a 

SPP 50.6 20.5 56.5 100a 77 

NYISO 13.9 12.6 78.9 93 92 

ISO New 
England 

2.3 18.8 95.1 97 100a 

Non-ISO 18.6 20.5 75.7 94 96 

SOURCES: ELCC factors for solar, wind, and battery storage are estimated from ISO data as described in 
Arciniegas Rueda et al., Assessing the United States’ Additional Power Capacity by 2030. CAISO data 
are from Carden et al., Incremental ELCC Study for Mid-Term Reliability Procurement; PJM data are from 
PJM, “ELCC Class Ratings for the 2026/2027 Base Residual Auction”; MISO data are from MISO, 
Planning Resource Auction; SPP data are from SPP, 2024 ELCC Wind Solar and ESR Study Report; 
NYISO data are from NYISO, “Updated Final Capacity Accreditation Factors for the 2024–2025 Capability 
Year”; ISO New England data are from General Electric International, Evaluation of ELCC Methodology in 
the ISO-NE Footprint; and non-ISO data are from Arciniegas Rueda et al., Assessing the United States’ 
Additional Power Capacity by 2030. Hybrid solar and wind ELCC factors were determined through our 
analysis and application of the formula provided in the text. 
NOTE: PJM = Pennsylvania–New Jersey–Maryland Interconnection. Values are shown as percentages of 
the generation resource’s nameplate capacity, under the assumption that battery storage is of equal 
capacity to that of hybrid resources. Estimates of gains in available capacity from hybridization of existing 
resources to take advantage of surplus interconnection vary by region because there are large regional 
differences in the ELCCs of the VRE. Each balancing authority reports ELCC factors with varying scopes, 
as detailed in Arciniegas Rueda et al., Assessing the United States’ Additional Power Capacity by 2030, 
Appendix A. The main differences are between marginal and average ELCC values and in how seasonal 
fluctuations in VRE generation are handled. Average ELCC values, which are often reported seasonally 
(summer and winter) or monthly, tend to overestimate the EC of additional units because of decreasing 
returns to scale. Marginal ELCC values, on the other hand, are typically reported as annual figures. When 
multiple average values were available, we calculated an annual average. 
a An ELCC factor of 100 percent means that, for a hybrid resource consisting of 1 MW of variable 
renewable energy (VRE) and 1 MW of battery storage at the same location, the combined resource is 
expected to contribute 1 MW of firm (reliable) capacity to the grid. In other words, adding 1 MW of battery 
storage to 1 MW of VRE increases the resource’s firm capacity contribution from its original value (for 
example, 0.39 MW for VRE alone) up to 1 MW for the hybrid resource. 

 
We assume that FERC has direct authority over CAISO, PJM, MISO, SPP, the NYISO, and 

ISO New England and no authority over ERCOT.121 VRE resources for non-ISO balancing 
authorities are reported as an aggregate but not used as part of the estimate; this is because of 
uncertainty in the federal government’s authority to influence changes in these resources. 
However, it is reasonable that some non-ISO grid operators might follow suit, given that they 

 
121 According to FERC, “[t]he transmission of electric energy occurring wholly within ERCOT is not subject to the 
Commission’s jurisdiction under sections 203, 205, or 206 of the Federal Power Act” (FERC, “ERCOT”). Many of 
these regions have wholesale market designs, including trading of transmission rights. Negotiations with incumbent 
holders of surplus interconnection capacity might be cumbersome but can be standardized through pro forma 
provisions in tariffs requiring agreements on the shared use of interconnection rights. 
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would also benefit from using surplus interconnection. ERCOT has relatively low 
interconnection congestion122 and so also has less need to use surplus interconnection, in addition 
to being independent of FERC authority. 

The EIA Electric Generator Inventory reports nameplate capacity of operating resources.123 
Aggregating all solar and wind resources by balancing authority allows estimating solar and 
wind generation currently connected to the grid. Table 4.2 displays the total nameplate capacity 
for solar and wind resources currently connected to the grid, by region, and available capacity 
contribution of these resources. Adding battery storage to these resources could unlock as much 
as the difference between the nameplate and available capacities. 

Table 4.2. Total Nameplate Capacity Contributions 

ISO or RTO 

Total Capacity Available Capacity 

Solara Winda VRE Solar Wind 
Total 
VRE  

Total 
with 

Hybrid 
CAF 

Improvement, in 
Gigawatts 

CAISO 20.5 6.2 26.7 1.8 0.9 2.7 23.2 20.4 

PJM 10.8 11.2 22.0 1.1 3.8 4.9 19.6 14.7 

MISO 7.7 31.3 39.0 3.0 8.2 11.2 39.0 27.8 

SPP 0.6 33.1 33.7 0.3 6.8 7.1 26.1 19.0 

NYISO 0.5 2.9 3.4 0.1 0.4 0.4 3.1 2.7 

ISO New 
England 

0.8 1.4 2.3 0.0 0.3 0.3 2.2 1.9 

Total under 
FERC 

41.0 86.0 127.0 6.3 20.3 26.6 113.1 86.5 

Non-ISO 36.1 26.1 62.2 6.7 5.3 12.1 59.1 47.1 

Total 
contiguous 
United 
States 

77.1 112.1 189.2 13.1 25.7 38.7 172.2 133.5 

 
Table 4.2 indicates a potential increase in available capacity of up to 86.5 GW if all ISOs 

under FERC jurisdiction connected storage to use all surplus interconnection capacity by 2030. 
For a lower bound on the estimate, we consider 50 percent of surplus interconnection being 
claimed by 2030. This would increase available capacity by 43 GW. If steps are taken to use 
surplus interconnection, the policy increases the effective contributions of adding storage to 

 
122 Fernandes, “ERCOT Interconnection Process.” 
123 EIA, “Preliminary Monthly Electric Generator Inventory.” 
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power plants that already have permits and rights to be connected to the grid. It is also worth 
noting that some transmission operators might have not approved the full nameplate capacity for 
VREs because they rarely transmit at nameplate. 

Estimates for Logic Model 3: Grid-Enhancing Technologies 
A full sequence of actions was proposed to encourage adoption of GETs and increase 

integration: 

1. ISOs establish standards or guidelines for integrating GETs. 
2. A developer or utility requests GET implementation. 
3. An ISO or balancing authority studies the proposed implementation. 
4. A transmission owner or vendor installs sensors and any necessary hardware. 
5. A grid operator or vendor updates the grid management software. 
6. A transmission owner, operator, vendor, or regulatory agency monitors and reports on 

data. 
7. A transmission owner, utility, or regulatory agency assigns GET costs to stakeholders for 

recovery. 

GETs have two potential impacts on available capacity: shortening interconnection timelines 
and decreasing transmission congestion. By making transmission more readily available, GETs 
bring proposed project interconnection timelines forward. GETs can also decrease transmission 
congestion, help deliver more power, and increase available capacity. Transmission congestion 
can lead to generation curtailment, particularly when other generation resources have minimum 
generation constraints.124 We estimate the impact of bringing interconnection times forward at up 
to 7 GW of additional available capacity by 2030.125 

Analysis 

The first of these pathways on interconnection timelines has been estimated previously for 
specific sections of the U.S. electrical grid.126 The Rocky Mountain Institute (RMI) estimated 
that TO, DLR, and advanced PFCs could facilitate the interconnection of 6.6 GW of projects by 
2027 in a region encompassing Illinois, Indiana, Ohio, Pennsylvania, and Virginia.127 This 
analysis looked at interconnection queues associated with PJM’s transition cycle 1, defined as 

 
124 Tsuchida, Ross, and Bigelow, Unlocking the Queue with Grid-Enhancing Technologies. 
125 We have not modeled the overlap between combining GETs and our proposed surplus interconnection policies. 
The impact of adopting GETs is marginally smaller and is still present even in the scenario in which most or all 
surplus interconnection is being utilized (e.g., targeting other aspects of transmission and distribution and improving 
transmission planning and use). GETs might complement resources intended to utilize surplus interconnection by 
making necessary data more readily available. 
126 Tsuchida, Ross, and Bigelow, Unlocking the Queue with Grid-Enhancing Technologies; Mulvaney et al., 
GETting Interconnected in PJM. 
127 Mulvaney et al., GETting Interconnected in PJM. 
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projects requesting interconnection between January 22, 2024, and the end of 2030.128 Mulvaney 
et al. estimated that increased uprates, PFCs, and decreased congestion could bring projects 
forward to be completed by 2027. The relative size of this 6.6-GW figure can be scaled up to the 
contiguous United States and out to 2030. 

As of January 2025, PJM’s interconnection queue contained approximately 102 GW of 
nameplate capacity proposed for interconnection in Illinois, Indiana, Ohio, Pennsylvania, and 
Virginia between January 1, 2024, and December 31, 2030.129 Therefore, the estimate of 6.6 GW 
by 2027 is approximately 6.5 percent of nameplate capacity. Assuming that a similar rate of 
projects are brought forward across the contiguous United States, 6.5 percent of 653-GW 
nameplate proposed for 2025 through 2030130 is an additional 42 GW by 2028.131 GETs help 
bring some transmission timelines forward, so potential interconnection requests out to 2033 
need to be considered (RMI considers out to 2030 for an estimate in 2027). As part of our earlier 
work, interconnection queue additions were modeled out to 2030 with approximately 133 GW of 
additions requesting interconnection by 2030, which were not present in interconnection queues 
as of October 2024. If similar additions occur annually out to 2033, GETs could bring an 
additional 26 GW nameplate capacity forward by 2030, based on the ratio of 6.5 percent of 
nameplate capacity. Finally, to estimate the available capacity that could be feasibly added, we 
adjusted the nameplate proposed by ELCC, which indicates 5 GW and 7 GW of additional 
available capacity by 2028 and 2030, respectively. 

Although historical locational marginal pricing data can inform an understanding of existing 
transmission constraints, projecting future congestion remains inherently uncertain because of 
the dynamic and evolving nature of the grid and thus is an area of uncertainty in this analysis. 
GETs allow electricity to be redirected through underutilized transmission lines to increase 
available capacity. Benefits of this application have not been clearly estimated for existing 
regions of the U.S. power grid and might require their own study. However, GET adoption is still 
highly encouraged because of the potential for up to 7 GW of available capacity by 2030, and it 
addresses several constraints affecting energy availability for AI data centers. Although no 
estimates that could be adapted were found for transmission congestion and power availability, 
there are some estimates of cost. Transmission congestion costs in 2022 were estimated at 
around $20.8 billion.132 These costs occur primarily when lowest-cost generation cannot be 

 
128 Mulvaney et al., GETting Interconnected in PJM. 
129 PJM, “Transition Cycle #1 Phase I System Impact Study Results.” 
130 Arciniegas Rueda et al., Assessing the United States’ Additional Power Capacity by 2030. 
131 This is a parametric estimate based on Mulvaney et al., GETting Interconnected in PJM. In the RMI study, GETs 
brought interconnection times forward, such that projects proposed for interconnection between January 1, 2024, 
and December 31, 2030, that would otherwise be withdrawn, canceled, or incomplete were brought forward and 
completed by 2027. When applying the parametric estimate to projects in interconnection queues with request dates 
between January 1, 2025, and December 31, 2030, we use a more conservative 2028 date. 
132 Doying, Goggin, and Sherman, “Transmission Congestion Costs Rise Again in U.S. RTOS.” 
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transmitted to load and instead only higher-cost generation is available.133 There is potential 
evidence that increasing transmission capacity on existing wires would relieve up to 40 percent 
of transmission congestion.134 However, it is unclear whether this would apply to the entire 
United States135 or translate one-to-one into cost savings. 

Directions for future research on assessing transmission congestion include load flow 
analysis and investigating the impact on dispatch:  

• Load flow analysis is used to assess how transmission constraints affect a system’s ability 
to meet demand. Because congestion reduces the wattage of effective loads served, 
reliability metrics might be usable. However, this approach faces limits from the need to 
maintain high reliability across the U.S. grid and uncertainty about accessing regional 
loss-of-load expectation values.  

• For impact on dispatch, when a new resource is added to the system model, that 
resource’s potential contribution is evaluated with consideration to transmission 
constraints. If the resource is in a congested area, its output might be limited, affecting its 
contribution to reliability and reducing the final CAF. This approach requires power flow 
modeling to measure individual plant output over time relative to nameplate generation. 

Estimates for Logic Model 4: Incentivizing Supplemental Generation and 
Demand Response 
The proposed COA to encourage nondiesel supplemental generation consists of supporting 

supplemental generation through a review of regulations, industry support, and tariff changes to 
incentivize on-site generation and demand response. Each market has its own processes for a 
tariff change to be implemented. Ideally, these policies will lead to backup generation being used 
during grid emergencies. This approach unlocks additional power capacity through the outcomes 
and changes in data center behavior. When there is a grid emergency and the grid would be 
constrained, load shedding occurs because data centers will be incentivized to run backup 
generation instead of grid power. The load shedding and demand response effectively increase 
the grid’s available capacity by curtailing large loads. Therefore, this policy’s potential effect 
addresses multiple constraints on backup generation together, rather than individual barriers. The 
estimated impact is between 11 and 106 GW, with the large variation reflecting uncertainty in 
the implementation of the demand response program and potential issues of compliance and 
resistance to tariff changes. Load shedding and demand response can increase grid reliability136 

 
133 Doying, Goggin, and Sherman, “Transmission Congestion Costs Rise Again in U.S. RTOS.” 
134 Tsuchida, Ross, and Bigelow, Unlocking the Queue with Grid-Enhancing Technologies. 
135 This finding was based on a subset of SPP’s grid focused on Kansas and Oklahoma. 
136 Waseem, Pipattanasomporn, and Rahman, “Reliability Benefits of Distributed Generation as a Backup Source”; 
Weise and van der Westhuizen, “Impact of Planned Power Outages (Load Shedding) on Consumers in Developing 
Countries”; Hou et al., “A Fast Optimal Load Shedding Method for Power System Reliability Assessment Based on 
Shadow Price Theory.” 
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and increase available capacity.137 For example, during a grid emergency, generation decreases 
relative to loads, and other resources, such as natural gas plants,138 would need to be brought 
online to adjust for the decreased generation. By allowing for more backup generation, grid 
reliability increases. The Nicholas Institute for Energy, Environment and Sustainability at Duke 
University studied the available capacity for new loads to be integrated into the grid at different 
rates of curtailment.139 It found that approximately 76 GW of new loads could be integrated into 
the U.S. electrical grid at an average load curtailment rate of 0.25 percent, and 98 GW at 0.5-
percent curtailment. Curtailment becomes more acceptable to data center operators if they have a 
reliable source of backup generation to which they can switch when required. To emphasize the 
compliance risks inherent in demand response programs,140 we note that the lower bound of this 
estimate is kept at 0, and the 76 GW for 0.25-percent curtailment is used as an upper bound. 

There are also potential impacts on new capacity that will be added to the grid. 
Interconnection queues indicate that approximately 48 GW of solar and 21 GW of wind can be 
expected to be connected to the grid by 2030, equivalent to approximately 5 GW and 4 GW of 
available capacity, respectively.141 Widespread use of backup generation might increase the 
capacity accreditation of new resources added to the grid, unlocking between 13 and 35 GW of 
capacity.142  

 
137 Norris et al., Rethinking Load Growth; Patel et al., Virginia Data Center Study. 
138 Becker, “Southern California’s Natural Gas Plants to Stay Open Through 2026.” 
139 Norris et al., Rethinking Load Growth. 
140 MISO filed to change demand response rules after discovering “payment for nonexistent or overstated 
curtailments,” “inaccurate or inflated baselines that curtailments are based on,” “fraudulent registration of 
resources,” and “tariff changes dealing with issues such as audit rights, and changes to testing and ‘make whole’ 
payments.” Howland, “MISO Proposes Demand Response Rule Changes to Stem Market Fraud, Gaming.” 
141 The interconnection queue data by resource type are described in Arciniegas Rueda et al., Assessing the United 
States’ Additional Power Capacity by 2030, particularly in Figure 2.7. The expected nameplate capacity estimates 
include both planned and unplanned additions.  
142 This impact was measured by modeling an increase in ELCC for planned intermittent resources to that for hybrid 
resources (up to 64 percent) at 50- to 100-percent reliability.  

• For solar, the capacity-weighted average ELCC from our previous report (Arciniegas Rueda et al., 
Assessing the United States’ Additional Power Capacity by 2030) is approximately 12.8 percent for 
planned nameplate capacity: 12.8 percent of 34 GW of planned solar resource is 4 GW. Additionally, 
of the 48 GW of solar capacity in the interconnection queues, 14 GW is unplanned nameplate capacity. 
That unplanned nameplate capacity converts to available capacity at a much lower rate (approximately 
6.7 percent), contributing just under 1 GW of available capacity. Together, the solar capacity additions 
total 5 GW. Backup generation availability conditions are translated into two ELCC factors: 32 percent 
and 64 percent. Before assuming the increase in ELCC factor, we explained the ELCC factors: 12.8 
percent for planned nameplate capacity and 6.7 percent for unplanned. These rates resulted in an 
estimate of 5 GW in available capacity. Therefore, the estimated available capacity additions are 10 
GW and 26 GW respectively, for ELCC factors of 32 percent and 64 percent. If backup generation is 
available half the time, this increases to 32 percent, so 15.4 GW available equals a 10-GW increase. At 
the full 64-percent rate, that is 31 GW (+26 GW). 
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In interpreting this estimated impact, note the fundamental difference between backup 
generation today and the use outlined in the fourth logic model. Current backup generation is 
reactive and will be activated only if the connection to the power grid trips, whereas the future 
generation that is now backup might be considered more supplemental, as data center operators 
proactively respond to price signals.143 Therefore, an additional constraint not fully discussed 
earlier is that realizing these benefits would require data center operators to be able to track 
changes in the power markets and be capable of carrying out demand response activities. 

Summary of Estimated Impact 
Table 4.3 provides a summary of these aggregated estimates. A transmission system analysis 

of the proposed changes has not been completed, so the upper bounds indicated here might not 
be achievable. Estimated impacts are based on individual assumptions of proposed actions 
triggering distinct outcomes in the transmission grid and interconnection queues. The effect of 
these outcomes is measured independently as described above, often using a simple model of 
available capacity from interconnection queues, as outlined in our previous report.144 Although 
estimates rely on battery energy storage for both supplemental generation and surplus 
interconnection, the surplus interconnection is viewed as using existing infrastructure and FTM 
resources, while supplemental is either BTM or colocated resources with new transmission 
infrastructure. 

 
• For wind, 21 GW of nameplate capacity is converted to 4 GW available capacity if the ELCC factor is 

20 percent. If that factor is increased to 32 percent or 64 percent, wind contributes 6.6 GW (increase of 
2.6 GW) and 13 GW (increase of 9 GW) in available capacity, respectively. If wind and solar estimates 
are combined, the net changes estimated are thus between 13 and 35 GW. 

143 This would require changes to 40 C.F.R. Part 63, Subpart ZZZZ; 40 C.F.R. Part 60, Subpart IIII; and 40 C.F.R. 
Part 60, Subpart JJJJ. 
144 Arciniegas Rueda et al., Assessing the United States’ Additional Power Capacity by 2030. 
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Table 4.3. Summary of Aggregated Estimates 

Action Outcome 
Estimated Impact, as a 
Range of Gigawattsa 

Decrease permitting delays.  16–54 

Streamline permitting. Timelines brought forward 6 to 12 
months 

5–12 

Streamline environmental reviews. Completion rates for gas projects up to 
50% 

11–22 

Permit use of federal land. Large-scale generation clusters 0–20 
Make interconnection processes more 
efficient and less costly. 

 65–130 

Develop generator replacement rules. Prevented losses from retirements 22–44 
Use surplus interconnection. Storage added to VRE projects 43–86 

Use transmission capacity.  0–7+ 

Sequence to encourage adoption and 
integration. 

Faster interconnection timelines 0–7 

Decreased transmission congestion Data not available 

Incentivize adoption of technologies for 
backup generation. 

 11–106 

Incentivize demand response for 
nondiesel on-site generators. 

Load curtailment of up to 0.25% 0–76 

 Increased CAF for new resources 11–30 

Total Increased capacity available for AI or 
any other future load increases 

92–297 

a Some of the lower-bound estimates represent what we consider to be reasonable minimum outcomes, given the 
uncertainties involved. In situations in which there is a significant possibility of no impact, we set the lower bound to 
0 to transparently reflect that risk. The use of 50% as a lower bound in other cases is an arbitrary choice, intended 
to indicate that, at minimum, the measures implemented might achieve half of the potential impact represented by 
the upper bound. 

 
It is important to note that the successful implementation of nondiesel supplemental 

generation—such as gas turbines or battery storage—depends in part on the availability and 
timely delivery of key equipment. These components are often subject to the complexities of 
international supply chains, which can introduce uncertainty in cost, lead times, and overall 
feasibility. Although our estimates reflect the proposed policy actions’ potential impact assuming 
that necessary equipment can be procured, we acknowledge that supply chain constraints could 
affect the pace and scale of adoption. A comprehensive analysis of these supply chain risks is 
beyond the scope of this report, but we recognize their importance and recommend that future 
work consider the implications of equipment availability and global market dynamics when 
evaluating the feasibility of large-scale backup generation deployment. 
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Chapter 5. Recommendations for Advancing Energy 
Infrastructure 

Addressing energy infrastructure challenges requires a comprehensive strategy that considers 
all barriers collectively. To achieve meaningful and lasting improvements, solutions should be 
integrated across technical, regulatory, cultural, and operational domains. Given the goal of 
identifying the barriers that could have the most impact by 2030, we found that this requires 
pursuing multiple parallel actions concurrently to address permitting hurdles, interconnection 
constraints, grid technology advancements, and backup generation needs. For instance, if lifting 
barriers on permitting is not taken together with reducing barriers to interconnection, the impact 
we estimated for additional capacity on the power grid will not materialize.  

Our abbreviated, recommended COAs are as follows: 

1. Improve federal planning for advancing ai infrastructure development. 
a. Pass legislation requiring federal land-management agencies, such as BLM, to 

develop national maps identifying areas suitable for AI power sites. 
b. Designate an agency, such as DOE, to conduct programmatic reviews on project 

categories’ environmental effects to streamline future environmental reviews. 
c. Implement streamlined permitting processes for designated AI priority sites on 

federal land. 
d. Accelerate development of AI priority sites that power large compute loads. 

2. Enhance transparency to improve interconnection processes. 
a. Have FERC and DOE assess and publicize data on underutilized interconnection 

capacity. 
b. Ensure that federal agencies collaborate with grid operators and developers to 

establish best practices for using surplus interconnection. 
c. When planning transmission requirements for interconnection, evaluate the potential 

for projects to use surplus interconnection capacity on the existing grid. 

3. Collaborate on adopting GETs.  
a. Have regulators (including FERC and state utility commissions) incentivize 

operational improvements to the electrical grid alongside capital expenditures. They 
should provide financial incentives for making operational efficiencies and for 
technological innovation. 

b. Ensure that grid operators use pilot programs to test the effectiveness of 
implementing GETs. 

c. Have grid operators support widespread integration of GETs, including by 
collaborating with operators, grid stakeholders, and AI data centers. 
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4. Incentivize backup generation for emergencies. 
a. Require FERC and EPA to review regulations on backup generator use, identifying 

and removing barriers to nondiesel backup generation. 
b. Launch initiatives to provide targeted support to the development of backup 

generation technologies, and support adoption by facilities with large loads, such as 
data centers. 

c. Have FERC and ISOs or state utility commissions and balancing authorities 
implement changes in tariff-setting processes according to relevant regulatory 
requirements. 

d. Have new tariffs adopted to incentivize data center load curtailment during 
emergencies, unlocking additional capacity during normal operations. 

A key element of these recommended COAs is integrating technologies that can adapt to 
varying power generation and consumption patterns. This includes employing backup generation 
during system emergencies, leveraging surplus interconnections by hybridizing intermittent 
renewable energy sources, and deploying GETs to increase the capacity available to firm loads. 
A diversified energy portfolio supports long-term reliability and resilience. However, any 
modifications to the grid must prioritize stability. Without careful planning and risk assessment, 
disruptions could occur, undermining the very goals of energy reforms. Advanced technical 
expertise is crucial in navigating these complexities, from understanding grid dynamics to 
integrating new technologies while maintaining compatibility with existing systems. 

These recommended COAs involve several agents. Therefore, addressing key barriers 
requires effective stakeholder engagement. Utilities, regulators, developers, and consumers all 
have roles to play; aligning their interests requires clear communication and negotiation. Cultural 
shifts and changes in organizational processes might be necessary to foster collaboration and 
overcome entrenched perspectives. A fundamental assumption underlying these efforts is that 
stakeholders will coordinate and share information. DOE has documented working group 
discussions that highlight the importance of data-sharing protocols and frameworks as key steps 
in advancing collaboration. 

The condition of the existing grid145 presents additional challenges to implementing new 
solutions. Although the recommendations presented here have a potential combined impact of 
unlocking between 92 and 297 GW of available capacity through new generation and 
transmission infrastructure and improvements to the operational efficiency of generation and 
transmission as described above, successful implementation of these recommendations will 
require a greater degree of expertise and consideration than outlined in this report. Our proposed 
recommendations are designed to address the highest-priority barriers and identify areas with the 
most potential impact. However, the electrical grid is still very complex, and the exact 
procedures, regulatory documents, and processes are not laid out in this report. Many procedures, 

 
145 A detail discussion of the power grid can be found in Arciniegas Rueda et al., Assessing the United States’ 
Additional Power Capacity by 2030. 
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such as streamlining permitting for federal sites and utilizing surplus interconnection, will face 
additional barriers that will be countered only once such initiatives are under way. Despite the 
potential difficulties in implementing these recommendations, and the lack of detail, 
decisionmakers, particularly in the federal government, who are most concerned with increasing 
the power capacity available to AI should consider them carefully.  

Many of the limitations and the challenges in our analysis for improving the U.S. electrical 
grid also represent opportunities. For example, providing incentives for disconnection from the 
grid by supporting distributed generation or microgrid development could help alleviate stress on 
centralized network infrastructure. Moreover, changes to energy infrastructure have economic 
implications, including potential shifts in consumer rates. Balancing cost increases with state 
decarbonization goals and environmental priorities requires careful planning and policy support. 

We identified 66 distinct barriers that constrain the United States’ capability to scale up 
power supply to AI data centers. We prioritized barriers in four key areas: permitting, 
interconnection, GETs, and backup generation. Despite the inherent system complexity and 
difficulty of enacting change, potential policies to address these barriers were formulated, 
indicating the potential feasibility of addressing the constraints on the U.S. power grid. Estimates 
of the impact of the recommendations conveyed a high degree of uncertainty. We found, 
however, that the likely-highest impacts would be to utilize surplus interconnection (such as 
through hybridizing existing VRE generation by adding storage) or to implement load 
curtailment by data centers (AI training and inference activities continue during emergency 
through increased capability to use backup generators). Because of the interrelatedness of 
constraints, we recommend that several actions be taken across multiple barriers simultaneously. 
Although different stakeholders have proposed many policies, we focus on policies that address 
the highest-priority barriers, with the largest potential impacts, and recommendations that can be 
initiated by the federal government. 
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Appendix A. Background and Methods 

This appendix presents background information and details on the methods we used to 
explore these topics, including our literature review, how we constructed the barrier matrix, our 
interview processes, and how we prioritized and grouped barriers. 

Rapid Literature Review 
The objective of the rapid literature review was to identify and categorize barriers to 

increasing power capacity. It is important to note that our work focuses on the power grid, rather 
than on specific AI-related barriers. By reviewing a diverse variety of sources, including 
academic publications, government reports, and industry analyses, we sought to map the current 
landscape of challenges that the power sector faces. Because this is a topic of rapidly expanding 
interest, the sources we reviewed were more in the nature of a convenience sample than of a 
formal literature review. 

We conducted this review from September 2024 to December 2024 in iterative steps until we 
encountered diminishing returns. This date range means we excluded discussions of this issue by 
the new presidential administration, including federal orders issued since January 2025. 

To ensure a consistent, comprehensive approach to identifying relevant literature, we applied 
specific selection criteria throughout the review process. The primary inclusion criteria focused 
on peer-reviewed journal articles, government agency reports, and private-sector industry 
analyses that discuss the background for barriers in the power sector in general, specific barriers, 
and the ecosystem that has contributed to entrenched challenges or promising solutions. The 
literature also identified the reasons behind the difficulties for increasing power capacity for AI 
facilities more specifically. We selected sources for their credibility, relevance, and ability to 
provide diverse perspectives on the challenges faced by the power sector.  

Our search terms included the following: 

• power capacity barriers 
• energy infrastructure challenges 
• energy procurement and electricity demand 
• regulation and power capacity 
• technological constraints in power systems 
• AI energy consumption 
• power grid optimization 
• renewable energy integration 
• power infrastructure investment and development 
• smart grid technologies 
• development of decentralized energy systems and storage solutions 
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• supply chain constraints in the power sector 
• environmental, labor, and social considerations for the power sector 
• power resilience and reliability. 

In using these search terms in Google and Google Scholar, we prioritized literature published 
within the past decade to capture the most-recent insights and developments relevant to 
increasing the capacity of the U.S. power grid. To maintain consistency in analysis and 
interpretation, we limited our search to English-language sources. For each key search term, we 
also included variations or combinations that included supporting terms, such as data center, 
artificial intelligence, AI model training, AI model inference, front of meter, FTM, behind the 
meter, or BTM, where appropriate. 

We also established exclusion criteria to streamline the review process. We excluded 
literature that lacked empirical evidence, covered discussions markedly beyond the year 2030, or 
did not directly pertain to the actual power capacity challenges. Additionally, we generally did 
not consider opinion pieces and non–peer-reviewed articles unless they offered unique insights, 
referenced specific studies or sources that met other criteria for inclusion, or were widely cited in 
the field.  

Following the identification of relevant literature, we employed a focused approach to extract 
key findings pertinent to the barriers to increasing the capacity of the power grid. This involved a 
thorough reading of the selected sources, with particular attention to sections discussing 
challenges, barriers, and proposed solutions. We searched each source for keywords, such as 
barrier, challenge, reason, constraint, address, or solution. We selectively recorded information 
based on its direct relevance to the study’s objectives, capturing insights that shed light on the 
nature of the barriers. 

We strengthened our approach in several additional ways. We carefully examined 
government reports and documents from ISOs and other regional entities, focusing on the 
keywords and challenges highlighted in overview reports or thematic discussions. This helped 
align our findings with recognized industry and regulatory perspectives. Additionally, 
participation in, attendance at, and notes from several academic workshops (several by the 
National Academies of Sciences, Engineering and Medicine;146 Carnegie Mellon University 
Energy Week), industry events (Advanced Energy United webinars; events by the Electric Power 
Research Institute and by the Energy Systems Integration Group147), and semistructured 

 
146 Implications of Artificial Intelligence–Related Data Center Electricity Use and Emissions on November 12–13, 
2024 (Roundtable on Artificial Intelligence and Climate Change, Implications of Artificial Intelligence–Related 
Data Center Electricity Use and Emissions); Pathways for New Nuclear Development on January 29–30, 2025 
(Board on Energy and Environmental Systems, Pathways for New Nuclear Development); Supporting State and 
Subnational Decision-Making in the Electricity System on April 1, 2025, part of the Board on Energy and 
Environmental Systems’ Forum on Informed Investment, Technology, and Policy Pathways for the Electricity 
System and Interdependent Energy Infrastructure. 
147 Energy Systems Integration Group, “Large Loads Task Force.” 
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interviews with industry stakeholders (described in further detail later in this appendix) provided 
opportunities to validate the review process and refine our interpretation of insights through 
direct engagement with experts and stakeholders. Last, to capture emerging issues that might not 
be systematically addressed in the academic literature or government reports, we referenced 
news articles and industry reports from the past three to four years. This included analyzing 
recent developments in which AI operators are collaborating with nuclear and bridge power 
solution providers and evaluating proposals from power utilities to adjust tariffs in response to 
the increased demand from data centers. These efforts ensured that our review remained relevant 
and reflected current industry dynamics and challenges. 

Construction of Barrier Matrix 
Building on the insights gained from the literature review and industry stakeholder 

interviews, we developed a comprehensive framework to organize the barriers we identified.  
The complexity and interconnected nature of the challenges to enhancing power capacity for 

AI facilities drove our decision to categorize barriers by their position in the power system. By 
organizing barriers as FTM and BTM, we aimed to highlight the distinct challenges present at 
different stages of energy supply. This approach allows gaining a nuanced understanding of how 
these barriers affect various components of the power system, from large-scale infrastructure to 
localized energy management, and supports informed decisionmaking by clearly identifying 
where interventions are most needed.  

The columns of the matrix further classify barriers by their source of limitations, such as 
regulatory, physical, labor, and technological constraints, providing a multidimensional 
perspective that facilitates targeted analysis and the development of strategies. By serving as a 
systematic tool identifying and organizing these barriers, the matrix guided us in organizing 
analysis based on the nature of specific challenges that affect power capacity for AI facilities. 

Placement of Barriers Based on Position in the Power System 

As noted above, the barrier matrix distinguishes barriers in the power system that are FTM or 
BTM. This distinction is crucial because it reflects the differing nature of challenges encountered 
at various points in the energy supply chain. FTM barriers typically involve large-scale 
infrastructure, regulatory frameworks, and market dynamics that affect the overall availability 
and reliability of power supply. These barriers are often subject to broad economic and policy 
influences, with efforts to address them requiring coordinated efforts across multiple 
stakeholders. In contrast, BTM barriers pertain to localized energy management, operational 
efficiency, and consumer-specific challenges. By differentiating between FTM and BTM, the 
matrix enables targeted analysis and intervention strategies that address the unique 
characteristics and requirements of each position in the power system. Table A.1 lists FTM and 



 58 

BTM system components and their descriptions, and these components and descriptions are used 
to categorize and present all identified barriers in Appendix B.  

Table A.1. The 24 Components of the Electric Power System 

Category Subcategory Description 
FTM energy 
procurement 

Fossil (coal, natural gas) Coal: a carbon-rich rock burned for electricity; highly polluting 

Natural gas: methane-rich fossil fuel used for power and heating; 
cleaner than coal 

Geothermal Energy from the earth’s heat, often used for power or heating 

Intermittent, solar, or 
wind 

Intermittent: energy sources that, like solar and wind, with high 
variability. 

Nuclear (uranium) Energy from splitting uranium atoms; low emissions but produces 
radioactive waste 

Other (e.g., hydrogen, 
which could be 
intermittent or base load) 

Hydrogen: a newer technology not currently in much use. Flexible 
energy carrier, used for fuel cells or combustion, sourced from water or 
natural gas 

FTM 
generation 

FTM new base load 
(nuclear or hydroelectric) 

Addition of new steady baseload power; large-scale, continuous and 
steady power generation (e.g., nuclear, hydroelectric, gas, coal) 
connected to the main grid 

 FTM dispatchablea Existing and new peaker plants (power plants connected to the grid 
[often natural gas, batteries, etc.] that cost more than other plants to run 
but can be very quickly turned on or off to meet demand 

 FTM intermittent Existing and new highly variable energy sources (e.g., solar, onshore 
wind, offshore wind) that provide variable power to the grid 

 FTM other (e.g., 
hydrogen, which could be 
base load or 
dispatchable) 

Any other existing or new energy sources; for new, this would include 
hydrogen, tidal power, and other newer technologies 

 Colocation of generation 
with the customer 

Existing or new generation that is close enough to the customer to be 
able to have no or almost no transmission losses; could be stable 
loads, staying attached to grid, and still have the a priori data center 
commitments (e.g., large nuclear facilities, large gas facilities) 

FTM storage Batteries (many types, 
including lithium ion and 
Powerwall) 

Devices that store electrical energy chemically, offering flexible and 
scalable storage solutions for various applications 

 Pumped hydro storage  A method of storing energy physically by moving water between two 
reservoirs at different elevations, generating electricity as it flows back 
down through turbines  

FTM 
transmission 

Access Suppliers’ ability to connect and deliver electricity from generation 
sources to distribution infrastructure; sometimes includes direct 
connection from transmission to end users 

 Reliability Consistent and dependable delivery of electricity without interruptions 
along transmission infrastructureb  

 Efficiency Minimizing energy losses during transmission 

 Resilience The transmission infrastructure’s capacity to withstand and recover 
from disruptions or adverse conditions 
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Category Subcategory Description 
FTM 
distribution 

Access Suppliers’ ability to connect and deliver electricity from transmission 
infrastructure (and, very rarely, on-site generation) through distribution 
infrastructure to end users through the grid 

 Reliability  Consistent and dependable delivery of electricity without interruptions 
along transmission infrastructureb 

 Efficiency Minimizing energy losses during distribution from transmission 
infrastructure (and, very rarely, on-site generation) to customers 

 Resilience The distribution infrastructure’s capacity to withstand and recover from 
disruptions or adverse conditions 

BTM Procurement and 
generation 

Energy generation of any sort located on-site (diesel generators, 
rooftop solar, etc.), serving local demand and reducing grid reliance; 
includes producing electricity independently from centralized power 
grids, often using renewable sources, such as solar panels or wind 
turbines 

 Storage  Energy storage of any sort located on-site (e.g., batteries), serving local 
demand and reducing grid reliance; includes producing electricity 
independently from centralized power grids, often using renewable 
sources, such as solar panels or wind turbines 

 Transmission 
infrastructure 

Transmission infrastructure owned by the customer; might include, for 
example, medium-voltage transformers, switchgear (assemblies that 
control, protect, and isolate electrical equipment, managing the flow of 
electricity at medium-voltage levels), or substations 

 Distribution infrastructure  Devices that distribute electric power to various equipment, ensuring 
efficient power management  

a Dispatchable describes power that can be turned on or off or adjusted on demand during normal operations. 
b Although this is related to reliability indexes, such as the customer average interruption duration index, the 
customer average interruption frequency index, the system average interruption duration index, and system average 
interruption frequency index, here we include those metrics for only those customers connecting directly to the 
transmission infrastructure.  

 

Classification of Barriers Based on Source of Limitations 

In addition to their position in the power system, we further classified barriers based on their 
source of limitations. This classification provides a multidimensional view of the challenges, 
allowing targeted strategies to address each type. Table A.2 summarizes the sources of 
limitations we considered. 
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Table A.2. Classification of the Nine Types of Limitations 

Source of Limitations Definition 
Regulatory, federal Federal rules and standards set by federal entities, such as FERC and NERC, 

that can constrain energy operations 

Regulatory, state State-, local-, tribal-, and territory-level regulations and policies overseen by 
PUCs that affect energy projects and operations 

Physical Tangible obstacles (other than energy sources) that limit siting plants; could 
include topography or bathymetry challenges, infrastructure limitations related to 
building in the soil, proximity of other buildings, rural/urban considerations, 
proximity of parks or protected areas, and other geographic considerations, such 
as crossing jurisdictions 

Labor Challenges related to workforce availability, skills and training, and labor 
relations that affect energy project execution 

Supply chain Disruptions or limitations in the availability of materials, components, and 
equipment necessary for energy systems 

Economic or market Financial and market-related obstacles, such as funding limitations, market 
volatility, or unfavorable economic conditions 

Social Public perception, community opposition, or societal norms that can impede 
energy projects or adoption of new technologies 

Technologies or operations Technical and engineering challenges or operational inefficiencies that hinder the 
deployment or functioning of energy systems (often related to reliability models, 
operation models, hydraulic modeling, etc.) 

Environmental Tangible effects (other than greenhouse gas emissions) on the local 
surroundings; could include ecological concerns (e.g., wind turbines kill birds), 
water usage, and waste disposal 

NOTE: PUC = public utility commission. 

 

Definition and Refinement of Matrix Components 

We used an iterative process to define each column and row of the barrier matrix, drawing 
insights from both the literature review and stakeholder interviews. This involved specifying 
clear criteria for each category and ensuring that the barriers were accurately represented within 
the matrix. Notably, the search keywords and classification of barriers have been modified to 
reflect the feedback from industry experts, ensuring that the matrix reflects the practical realities 
and complexities of the power sector. 

Specification of Individual Barriers 

For individual barriers that intersect multiple dimensions, we developed detailed descriptions 
to capture the complexity and interdependencies involved. This specification process recognized 
that some barriers, such as those related to regulatory and economic factors, can simultaneously 
affect multiple aspects of the power system, as well as collaborative efforts from multiple types 
of stakeholders for effective strategies. 
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Semistructured Interviews with Industry Stakeholders 
To complement the findings from the rapid literature review, we conducted six 

semistructured interviews with industry stakeholders to gain firsthand insights into the barriers 
affecting the expansion of electric power capacity in general and for AI facilities specifically. 
These interviews provided an opportunity to validate the literature review findings and explore 
additional dimensions of the challenges faced by both the power industry and AI stakeholders. 
This helped us see the identified barriers in the context of operations and deployment of potential 
solutions from those directly involved in the field. The insights gathered from these discussions, 
in turn, served to refine the understanding of the barriers and inform the development of a 
comprehensive framework for categorizing power capacity challenges. 

Participant Identification 

We used a convenience sample to select participants for the interviews, focusing on 
businesses and industry experts whose functions or solutions are closely aligned with the power 
capacity challenges faced by AI facilities. Although this approach provides valuable insights, it 
also introduces a bias toward solutions that data center personnel perceive as the most cost-
effective and straightforward. This sample could miss perspectives that require data centers to 
fundamentally change their behavior or require power system transformations that go beyond 
2030.  

Specific criteria for selecting participants included their demonstrated expertise in energy 
management, data center operations, or innovative energy solutions, as well as their involvement 
in projects or initiatives related to power capacity enhancement for AI technologies. 
Additionally, we chose participants based on their ability to influence decisionmaking processes 
within their organizations or industries, ensuring that the insights gathered were both relevant 
and actionable. 

We contacted participants through professional networks, industry events, and referrals from 
existing contacts within our research team. This recruitment strategy facilitated access to a 
diverse group of subject-matter experts, ensuring that the interviews captured a wide spectrum of 
industry perspectives and experiences. 

The participating stakeholders are listed in Table A.3. 
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Table A.3. Six Semistructured Interviews and Participant Backgrounds 

Organization Interviewee 
Operator of data centers and 
hyperscale facilities 

• Senior director of government affairs 

Adviser to the energy sector • Principal engineer and former chief operating officer  
• Chief risk officer 

Provider of energy project 
financing 

• Consultant on technology strategy, with more than 30 years of experience 
and more than 8 years of experience in the data center sector 

Provider of small modular 
nuclear reactors  

• VP of corporate development  
• VP of global business development with 15 years of experience 

Provider of reliability as a 
service 

• Director of commercialization with 15 years of energy industry experience 

A second provider of reliability 
as a service 

• Senior VP with 30 years of experience in commercial and industrial energy 
services  

• Chief commercial officer with 28 years of experience 

NOTE: VP = vice president. 

Interview Protocol 

Prior to each interview, we engaged with interviewees to introduce the project and outline the 
objectives of the discussion. Each interview, lasting approximately one hour, involved at least 
three (and, on average, four) members of our research team to facilitate a comprehensive 
exploration of the topics. We conducted interviews from September 2024 to January 2025 and 
aggregated and anonymized our findings to protect human subjects. 

We followed a set of questions while allowing flexibility for interviewees to share additional 
insights in a conversational manner. (See Appendix C for our interview protocol.) We took 
detailed notes to capture key points and observations. After each interview, we compiled a 
summary of insights, highlighting the main findings and any emerging themes for debrief 
discussions within the RAND research team.  

Findings 

The interviews played a crucial role in validating the barriers identified through the literature 
review and in providing practical context and examples from industry experiences. These 
discussions also helped refine and improve the descriptions of the barriers, offering nuanced 
perspectives that might not be captured in literature alone. 

The interviews confirmed several barriers identified in the literature, particularly pertaining 
to the energy infrastructure and regulatory environment: 

• permitting and connection delays: The interviews consistently highlighted long lead times 
for utility permitting and grid connections as significant barriers, validating the 
literature’s emphasis on regulatory challenges. 
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• resource constraints: The interviews noted supply chain issues for key components, such 
as high-voltage transformers and natural gas turbines that align with documented 
constraints, underscoring the need for strategic resource management and investment. 

The discussions also clarified industry trends with respect to how energy solutions are 
deployed to support data center development, including the following: 

• shift to cleaner energy solutions: The transition from diesel backup generator to natural 
gas turbine and exploration of small modular reactors indicate a broader industry shift 
toward cleaner, more-sustainable energy options. 

• bridge power solutions: Bridge power solutions are critical to maintaining operations 
during utility delays, reflecting a theme of flexibility and adaptability in energy 
management considerations. 

• technological innovation: The volatility introduced by AI and advanced technologies 
necessitates innovative load management solutions, such as capacitors and battery 
storage. 

• trend of increasing scale: Previously, a single-cluster data center needed less than 50 
MW. It would now need 100 to 120 MW and is likely to soon need 250 MW. Future 
projections estimate a scale of 500 MW to 1 GW per cluster, which poses significant 
challenges to building supporting power infrastructure. 

In the interviews, we consistently encouraged the participants to share their observations and 
actual experiences with implementation in semistructured formats. We were able to capture 
broad factors that could shape the interplay between AI development and the power grid in the 
long run, including the following: 

• strategic partnerships: Collaborations, such as the one between X-energy and Amazon, 
are pivotal in advancing new technologies and sharing project risks. 

• global competitiveness: The rapid advances in nuclear and renewable technologies in 
some countries, such as France and China, present competitive challenges, driving a trend 
toward innovation and strategic investments in the United States. 

Each interview ended with open discussions on challenges and possible needs. We 
documented these conversations and noted several considerations that shape private-sector 
decisions, including the following: 

• regulatory and policy support: There is a critical need for streamlined regulatory 
processes and sustained government support through subsidies and risk-sharing 
mechanisms to facilitate energy project deployment. 

• talent and supply chain development: Developing domestic talent and robust supply 
chains is essential for supporting advanced energy solutions, with an emphasis on 
transferable skills from nonnuclear sectors. 

• evolving energy needs and sustainability considerations: The industry faces the challenge 
of balancing energy reliability with sustainability goals, necessitating cleaner and more-
efficient energy solutions. 

• development uncertainties and sustainability of growth: Despite hyped forecasts for data 
center demand and growing numbers of quote requests for on-site or bridge power 
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solutions, actual demand and contracts have yet to materialize. Significant uncertainties 
about actual demand, future innovations, efficiency improvements, and the sustainability 
of this growth over time hinder near-term investment.  

Barrier Prioritization Process 
Given an inventory of 66 barriers, which can be found on Appendix B, we needed to identify 

which barriers should be prioritized for further analysis and action. In this section, we describe 
the prioritization rubric employed to narrow down the barriers to a manageable subset that might 
be addressed by 2030. The prioritization process also serves to inform stakeholders about where 
to allocate resources and efforts. 

The development of the prioritization rubric was a pivotal step in refining our approach to 
addressing the barriers to bringing additional power capacity for AI infrastructure to the United 
States by 2030. Central to our research question—what are the barriers to achieving this goal?—
the rubric serves as a strategic tool to identify which barriers warrant immediate attention and 
resources. The rubric is based on two key criteria: 

• timeline: Given the 2030 focus of the research questions we aim to address, this criterion 
emphasizes distinguishing between barriers that can be tackled in the short term and 
those needing long-term efforts. We prioritized identifying solutions that can be 
implemented swiftly for maximize near-term impact. 

• agent: The agent criterion evaluates whether the barriers can be effectively tackled in full 
or in part by U.S. federal policy actions. This is aligned with the criterion for categorizing 
regulatory barriers at the federal level. The fragmented regulatory landscape at the state 
and local levels complicates energy project development. Informed by the findings from 
the literature review, we assumed that federal-level actions offer greater scalability and 
higher impact potential for increasing power capacity nationwide within the given time 
frame.  

By applying this rubric, we could strategically focus on actionable, high-impact solutions that 
align with both policy feasibility and rapid implementation, ensuring meaningful progress toward 
expanding power capacity by 2030. 

Reshuffling the Barrier Matrix 
As explained above, we initially organized the barrier matrix with columns representing the 

sources of limitations and rows representing different positions within the power system. This 
structure was useful for categorizing barriers, but it was not well-suited for prioritizing them. To 
address this, we transformed the matrix into a long-form format, in which each barrier was a 
separate row. Each barrier was labeled with the source of its limitation and its position within the 
power system. The long-form format enabled us to isolate individual barriers and assess them 
independently.  
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Scoring and Structured Subject-Matter Expert Brainstorming Sessions 
Given that we focused on tackling barriers by 2030, a key component of the scoring 

methodology was distinguishing between barriers that could be addressed in the short term and 
those requiring long-term solutions. This differentiation was the first criterion of our 
prioritization rubric. We assumed that, in the next five years, no new major infrastructure that 
could fundamentally change the current grid or energy market, such as high-voltage interregional 
transmission lines, could be developed, but some barriers related to process improvement 
changes could have a significant impact for future generation and utilizing existing grid assets 
more efficiently.  

We developed a scoring system that prioritized barriers with the potential for short-term 
resolution and by the federal government. First, we evaluated each barrier for its feasibility for 
implementation within a short time frame, taking into account existing technologies, regulatory 
frameworks, and market dynamics. Barriers that could be addressed swiftly and effectively were 
labeled as short-term addressable, reflecting their alignment with the project’s assessment 
horizon.  

The scoring team consisted of three independent experts from RAND, each tasked with 
scoring the barriers. This initial independent scoring allowed the researchers to apply their 
specialized knowledge and perspectives to assess each barrier’s feasibility for short-term 
resolution. The diversity of insights generated through this process set the stage for structured 
discussions. 

Following the independent scoring, the research task force engaged in structured discussion. 
The team convened for two facilitated meetings, each lasting one hour, during which members 
deliberated on the initial scoring results. Differences were reconciled through an examination of 
the assumptions and rationales underlying each determination, aiming to reach a consensus. 

The structured discussions allowed the team to systematically explore and integrate the other 
two criteria of the prioritization rubric: the agent responsible for addressing the barrier and the 
potential impact on enhancing power capacity.  

Reduction of Barriers to a Prioritized List 
The prioritization process, shown in Figure 2.1 in Chapter 2, reduced the constraints to a 

short list of 17 that we considered to be critical to enhancing power capacity for AI infrastructure 
in the United States by 2030. These barriers were short-listed primarily based on their feasibility 
for short-term resolution and selected for further analysis on their alignment with U.S. policy 
actions and potential impact on power capacity.  

Following the initial prioritization, we engaged in another structured discussion process, 
leveraging the expertise of RAND staff to further analyze and categorize these barriers. Through 
facilitated meetings, we identified commonalities and interconnectedness among the short-listed 
barriers, leading to four distinct groups for further analysis: 
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• permitting delays: Large projects usually require a wide collection of federal permits 
from a variety of agencies. Federal permitting reviews are long and time-consuming.  

• inefficient and costly interconnection processes: Inefficient, delayed, and costly 
interconnection processes slow additions to generation and storage projects.  

• underutilized transmission capacity: Existing transmission capacity is underutilized 
and inconsistently used. GETs can unlock more capacity.  

• lack of incentives to adopt technologies for backup generators: There is a lack of 
incentives to adopt diverse technologies for backup generators and to use backup 
generators to support the grid during system emergencies.  

Table A.4 summarizes the groups of barriers and the individual barriers within them. 
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Table A.4. Short-Listed Barriers, by Group 

Group Barrier 
Permitting delays  There is poor coordination between agencies for federal permitting processes. 

 Right-of-way and land-access considerations restrict FTM solution deployment. 

 EIS processes are long and can create exposure to litigation. 

 NEPA permits and federal land-leasing and permitting processes are time-
consuming. 

Inefficient and costly 
interconnection processes 

Interconnection applications are often reviewed manually in a labor-intensive 
process, and many applications are incomplete or insufficient. Processing these 
applications is a significant cause of long delays to completed analyses and 
development. 

 The methodology for network upgrade assessments estimates high costs for storage 
projects and limited compliance with FERC Order 2023 to reflect operational 
characteristics. 

 High-cost allocations for installing storage capacity discourage adding capacity. 

 Grid operators’ processes and practices for utilizing surplus interconnection are 
inconsistent and nonstandard. They also suffer from uncertain reliability and stability 
risk from hybrid and battery storage systems. 

Underutilized transmission 
capacity 

Operators do not have incentives to adopt GETs: They are rewarded for capital 
expenditures rather than savings in operation and maintenance expenses. 

GETs might provide misleading or inaccurate feedback data. 

Grid operators might have limited capability to handle large data volumes when 
implementing GETs. 

The current rules do not provide enough incentives to consider alternative 
transmission technologies, such as var compensators.a 

There is a lack of incentives to include innovations in the planning process and 
limited knowledge and data on the cost or impact when incorporated into the grid 
system. 

Lack of incentives to adopt 
technologies for backup 
generators 

EPA rules require diesel backup generators (RICE, NESHAP, or NSPS) and have 
specific generation requirements. 

Incentives for colocating generation resources to feed back into the grid are limited 
and inconsistent. 

Cost allocation issues (general customers versus colocated clients) arise when the 
colocated generation sources stay connected to the grid. 

EPA-imposed limits on carbon pollution standards hinder data centers from using 
load flexibility tools for grid support.  

a A static var compensator is a shunt-connected power electronics–based device that works by injecting reactive 
current into the load, thereby supporting the voltage and mitigating the voltage sag. 
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Appendix B. Barrier Matrix with the Full List of 66 Barriers 

Table B.1 lists all 66 barriers we identified. 

Table B.1. Barrier Matrix with the Full List of 66 Barriers 

Number Barrier Description 

Classification 

Citation Component 
Source of 
Limitation 

1 Interconnection process uses 
serial interconnection (first come, 
first served). 

Transmission, 
access 

(1) federal or (2) 
state or PUC 

Wayner et al., “Going the 
Distance on Interconnection 
Queue Reform” 

2 Low requirements on financial 
readiness and site control before 
interconnect, promoting 
speculative projects. 

Transmission, 
access 

(1) federal or (2) 
state or PUC 

FERC, “FERC Proposes 
Interconnection Reforms to 
Address Queue Backlogs” 

3 Coordination between agencies for 
federal permitting processes is 
poor. 

Transmission, 
access 

Federal Lawson, “Energy Permitting 
Reform Act of 2024” 

4 Siting and permitting are not 
streamlined and do not override 
repetitive state and local permitting 
processes. 

Transmission, 
access 

State Americans for a Clean 
Energy Grid, “Energy 
Permitting and Reform Act” 

5 Interconnection availability means 
a long queue to access the 
network. 

Transmission, 
access 

Physical McDevitt-Galles et al., 
“Waiting in Queue” 

6 The transmission sector has a 
shortage of electricity workers. 

Transmission, 
access 

Utility Green et al., “How Data 
Centers and the Energy 
Sector Can Sate AI’s 
Hunger for Power” 

7 Not enough utility professionals 
are qualified to incorporate best 
practices in planning. 

Transmission, 
access 

Utility Wayner et al., “Going the 
Distance on Interconnection 
Queue Reform” 

8 Equipment has long lead times 
because of manufacturing inputs. 

Transmission, 
access 

Utility or 
manufacturer 

Green et al., “How Data 
Centers and the Energy 
Sector Can Sate AI’s 
Hunger for Power” 

9 Equipment has long lead times 
because manufacturers are at or 
approaching maximum capacity. 

Transmission, 
access 

Utility or 
manufacturer 

Green et al., “How Data 
Centers and the Energy 
Sector Can Sate AI’s 
Hunger for Power” 
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Number Barrier Description 

Classification 

Citation Component 
Source of 
Limitation 

10 Interconnection applications are 
often reviewed manually in a labor-
intensive process, and many 
applications are incomplete or 
insufficient. Processing these 
applications is a significant cause 
of long analysis and development 
delays.  

Transmission, 
access 

ISO or utility Gorman et al., Transmission 
Interconnection Roadmap; 
U.S. Department of Energy, 
“Biden–Harris Administration 
Announces $30 Million to 
Ease Interconnection 
Backlog, Deliver More 
Energy Supply on America’s 
Power Grid” 

11 Data centers are not willing to 
share data about their power 
usage and future needs. 

Transmission, 
efficiency 

Economic or 
market factors 

Secretary of Energy 
Advisory Board, 
“Recommendations on 
Powering Artificial 
Intelligence and Data Center 
Infrastructure”. 

12 Operators do not have incentives 
to adopt GETs: They are rewarded 
by capital expenditure rather than 
reducing operation and 
maintenance expenses. 

Transmission, 
efficiency 

Economic or 
market factors 

Rebane, Siegner, and Toth, 
“Cheaper, Cleaner, Faster”; 
Wayner et al., “Going the 
Distance on Interconnection 
Queue Reform” 

13 There is limited room for new 
technology demonstration: ISOs 
are not willing to accommodate 
transmission technologies unless 
enough transmission owners are 
willing to adopt; at the same time, 
transmission owners wait for ISOs 
to incorporate certain technologies 
first. 

Transmission, 
efficiency 

Economic or 
market factors 

DOE, Advanced 
Transmission Technologies 

14 Cost allocation and financing 
challenges limit adoption of high-
voltage DC and long-distance 
transmission 

Transmission, 
efficiency 

Economic or 
market factors 

DOE, Advanced 
Transmission Technologies 

15 There is not yet a transparent, 
robust, and clearly defined 
mechanism to require competition 
to build transmission projects. 

Transmission, 
efficiency 

Economic or 
market factors 

Monitoring Analytics, 
Quarterly State of the 
Market Report for PJM 

16 Line-rating practices and 
methodologies are inconsistent 
across transmission owners.  

Transmission, 
reliability 

Economic or 
market factors 

Monitoring Analytics, 
Quarterly State of the 
Market Report for PJM 

17 FERC requires more-extensive 
planning for regional transmission 
facilities than for interregional 
transmission facilities. 

Transmission, 
reliability or 
resilience 

Federal Lawson, “Energy Permitting 
Reform Act of 2024” 

18 State and ISO planning efforts are 
misaligned with respect to 
resource adequacy. 

Transmission, 
reliability 

State Toth and Schwartz, 
“Breaking Down Barriers for 
a More Reliable Grid” 

19 Design and upgrade efforts are 
needed for grid reliability when 
connecting new resources 
(substation, line relaying, or 
otherwise). 

Transmission, 
reliability 

Physical Data center financing 
expert, interview with the 
authors, November 1, 2025 
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Number Barrier Description 

Classification 

Citation Component 
Source of 
Limitation 

20 GETs might provide misleading or 
inaccurate feedback data. 

Transmission, 
reliability 

Technology or 
operations 

DOE, Advanced 
Transmission Technologies; 
Office of Electricity, “Grid 
Enhancing Technologies” 

21 Grid operators might have limited 
capability to handle large data 
volumes if implementing GETs. 

Transmission, 
efficiency 

Technology or 
operations 

DOE, Advanced 
Transmission Technologies 

22 Patents on the most-recent ultra–
high-voltage transmission 
solutions are held by China. 

Transmission, 
efficiency 

Technology or 
operations 

Quimbre et al., China’s 
Global Energy 
Interconnection 

23 There is insufficient 
interconnection between regions 
across the United States. 

Transmission, 
efficiency 

Physical Simeone and Rose, Barriers 
and Opportunities to Realize 
the System Value of 
Interregional Transmission; 
Americans for a Clean 
Energy Grid, “Energy 
Permitting and Reform Act” 

24 The current rules provide 
Insufficient incentives to consider 
alternative transmission 
technologies, such as var 
compensators. 

Transmission, 
efficiency 

Federal Rebane, Siegner, and Toth, 
“Cheaper, Cleaner, Faster”; 
Wayner et al., “Going the 
Distance on Interconnection 
Queue Reform” 

25 There is a lack of incentives to 
include innovations in planning 
processes and limited knowledge 
and data on the cost or impact 
when incorporated into the grid 
system. 

Transmission, 
efficiency 

State Rebane, Siegner, and Toth, 
“Cheaper, Cleaner, Faster”; 
Wayner et al., “Going the 
Distance on Interconnection 
Queue Reform” 

26 There are flaws in the market 
efficiency analysis process to 
evaluate transmission 
investments. 

Transmission, 
efficiency 

State Monitoring Analytics, 
Quarterly State of the 
Market Report for PJM 

27 State environmental policy acts 
are inconsistent across states and 
might have overlap with NEPA 
(national)–mandated processes. 

Transmission, 
efficiency 

State Hochman, The State 
Permitting Playbook 

28 Cost–benefit analysis uses a 15-
year forecast period, limiting the 
benefit provided by storage assets. 

BTM, storage State Monitoring Analytics, 
Quarterly State of the 
Market Report for PJM 

29 Natural gas infrastructure for 
bridge power solution deployment 
is limited. 

BTM, 
procurement and 
generation 

Physical Reliability-as-a-service 
solution provider, interview 
with the authors, December 
10, 2024 

30 Lead times on equipment for 
bridge power solution deployment 
(transformers, cables, and 
switchgears) are long. 

BTM, 
procurement and 
generation 

Supply chain Reliability-as-a-service 
solution provider, interview 
with the authors, November 
15, 2024; Data centers and 
AI: How the energy sector 
can meet power demand | 
McKinsey 
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Number Barrier Description 

Classification 

Citation Component 
Source of 
Limitation 

31 Right of way and land access 
considerations restrict front-of-
meter solution deployment 

FTM, distribution Access CRESFORUM, “The 
Untapped Potential of 
Geothermal Energy,” 
Geothermal Issue Brief, 
April 22, 2024 

32 Methodology for network upgrade 
assessment estimates overly high 
costs for storage projects, and 
compliance with FERC Order 2023 
to reflect operational 
characteristics is limited. 

FTM, storage Federal Customized Energy 
Solutions, “FERC Order 
2023” 

33 The high-cost allocation for 
installing storage capacity limits 
the feasibility of adding capacity. 

FTM, storage Economic or 
market factors 

Customized Energy 
Solutions, “FERC Order 
2023” 

34 Nuclear energy has barriers to 
entry if there is no cost-sharing or 
a committed order book 

FTM, generation, 
new base load 
(nuclear or hydro) 

Economic or 
market factors 

Kozeracki et al., Pathways 
to Commercial Liftoff 

35 Nuclear energy tariffs for 
innovation deployments depend on 
utility response and economic 
incentives. 

FTM, generation, 
new base load 
(nuclear or hydro) 

Economic or 
market factors 

Kozeracki et al., Pathways 
to Commercial Liftoff 

36 Hydro energy has incomplete or 
inadequate information for 
authorization process results, 
especially when licensing timelines 
are longer or there are 
disagreements among 
stakeholders. 

FTM, generation, 
new base load 
(nuclear or hydro); 
FTM, energy 
procurement, 
other (hydrogen 
or other) 

State Levine et al., An 
Examination of the 
Hydropower Licensing and 
Federal Authorization 
Process 

37 The workforce for construction, 
operation, and supply chain 
inadequate to support 
development in the nuclear sector. 

FTM, generation, 
new base load 
(nuclear or hydro) 

Labor Kozeracki et al., Pathways 
to Commercial Liftoff 

38 U.S. Nuclear Regulatory 
Commission licensing, siting, and 
spent-fuel disposal processes are 
limiting the deployment of possible 
nuclear solutions.  

FTM, generation, 
new base load 
(nuclear or hydro) 

Federal Kozeracki et al., Pathways 
to Commercial Liftoff 

39 There are issues with nuclear-
component supply chains (reactor 
pressure vessels, for example). 

FTM, generation, 
new base load 
(nuclear or hydro) 

Supply chain Kozeracki et al., Pathways 
to Commercial Liftoff 

40 State certification authority has 
been inconsistently used to block 
natural gas pipeline construction, 
sometimes not just because of 
water quality concerns as 
intended. 

FTM, generation, 
dispatchable 

State Levine et al., An 
Examination of the 
Hydropower Licensing and 
Federal Authorization 
Process 

41 Natural gas pipeline and 
processing plant availability is 
limited. 

FTM, generation, 
dispatchable; 
FTM, energy 
procurement, 
fossil 

Physical Reliability-as-a-service 
solution provider, interview 
with the authors, December 
10, 2024. See also Ferrell 
and Sanders, Natural Gas 
Extraction. 
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Number Barrier Description 

Classification 

Citation Component 
Source of 
Limitation 

42 EIS processes are long and can 
create exposure to litigation. 

FTM, generation, 
new base load 
(nuclear or hydro); 
FTM, generation, 
intermittent 

Federal Robinson et al., “Experts 
React” 

43 No federal regulatory regime exists 
for siting interstate hydrogen 
pipelines. 

FTM, generation, 
other (hydrogen) 

Federal Fishman et al., “Linear 
Infrastructure” 

44 Water access and pipeline 
infrastructure are limited to support 
hydrogen resource development 
and deployment. 

FTM, generation, 
other (hydrogen) 

Physical Fishman et al., “Linear 
Infrastructure” 

45 Production cost is high, and 
demand coordination is required 
before starting up a viable project. 

FTM, generation, 
other (hydrogen) 

Economic or 
market factors 

International Energy 
Agency, Global Hydrogen 
Review 2024 

46 EPA rules require diesel backup 
generators (RICE, NESHAP, or 
NSPS) and have specific 
generation requirements. 

FTM, generation, 
colocation of 
generation with 
customers 

Federal Reliability-as-a-service 
solution provider, interview 
with the authors, December 
10, 2024; Loritz, “EPA 
Emission Standards for 
Diesel Generators” 

47 Equipment has a long lead time 
because of manufacturing inputs. 

FTM, generation, 
colocation of 
generation with 
customers 

Supply chain Data center financing 
expert, interview with the 
authors, November 1, 2024; 
nuclear power solution 
expert, interview with the 
authors, January 8, 2025; 
reliability-as-a-service 
solution provider, interview 
with the authors, December 
10, 2024; Green et al., “How 
Data Centers and the 
Energy Sector Can Sate AI’s 
Hunger for Power” 

48 Equipment has a long lead time 
because manufacturers are at or 
approaching maximum capacity. 

FTM, generation, 
colocation of 
generation with 
customers 

Supply chain Data center financing 
expert, interview with the 
authors, November 1, 2024; 
Green et al., “How Data 
Centers and the Energy 
Sector Can Sate AI’s 
Hunger for Power” 

49 Incentives for colocation of 
generation resources to feed back 
to the grid are limited and 
inconsistent. 

FTM, generation, 
colocation of 
generation with 
customers 

Economic or 
market factors 

Clark, “No Quick Fixes on 
Data Center–Generator Co-
Location Issue”; Gibson 
Dunn, “FERC Technical 
Conference Puts Challenges 
of Powering Data Centers at 
Center Stage” 
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Number Barrier Description 

Classification 

Citation Component 
Source of 
Limitation 

50 Cost allocation issues (general 
customers versus colocated 
clients) arise when the colocated 
generation sources stay connected 
to the grid. 

FTM, generation, 
colocation of 
generation with 
customers 

Economic or 
market factors 

Clark, “No Quick Fixes on 
Data Center–Generator Co-
Location Issue”; Gibson 
Dunn, “FERC Technical 
Conference Puts Challenges 
of Powering Data Centers at 
Center Stage” 

51 Knowledge about cost and 
performance of cleaner backup 
generation technologies (data 
centers and other operators) is 
limited. 

FTM, generation, 
colocation of 
generation with 
customers 

Technology or 
operations 

Secretary of Energy 
Advisory Board, 
“Recommendations on 
Powering Artificial 
Intelligence and Data Center 
Infrastructure” 

52 EPA has carbon pollution 
standards for power plants that set 
carbon dioxide limits. 

FTM, energy 
procurement, 
fossil 

Federal EPA, “Greenhouse Gas 
Standards and Guidelines 
for Fossil Fuel–Fired Power 
Plants” 

53 There is opposition to high-
emission and high-pollution energy 
generation projects. 

FTM, energy 
procurement, 
fossil 

Social Eisenson, Opposition to 
Renewable Energy Facilities 
in the United States 

54 NEPA permits and federal land-
leasing and permitting processes 
for geothermal resource 
development are time-consuming. 

FTM, energy 
procurement, 
geothermal 

Federal Citizens for Responsible 
Energy Solutions Forum, 
“The Untapped Potential of 
Geothermal Energy”; Levine 
et al., An Examination of the 
Hydropower Licensing and 
Federal Authorization 
Process 

55 Drilling and production technology 
depends on naturally occurring 
geological conditions, which limits 
large-scale adoptions. 

FTM, energy 
procurement, 
geothermal 

Technology or 
operations 

Citizens for Responsible 
Energy Solutions Forum, 
“The Untapped Potential of 
Geothermal Energy”; Levine 
et al., An Examination of the 
Hydropower Licensing and 
Federal Authorization 
Process 

56 Large up-front development cost 
makes geothermal power 
purchase agreements less 
competitive. 

FTM, energy 
procurement, 
geothermal 

Economic or 
market factors 

Citizens for Responsible 
Energy Solutions Forum, 
“The Untapped Potential of 
Geothermal Energy”; Levine 
et al., An Examination of the 
Hydropower Licensing and 
Federal Authorization 
Process 

57 Community opposition and threat 
of litigation can deter or delay 
project development. 

FTM, energy 
procurement, 
intermittent, solar, 
or wind 

Social Eisenson, Opposition to 
Renewable Energy Facilities 
in the United States 

58 Local ordinances or zoning 
requirements can be challenging. 

FTM, energy 
procurement, 
intermittent, solar, 
or wind 

State Eisenson, Opposition to 
Renewable Energy Facilities 
in the United States 
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Number Barrier Description 

Classification 

Citation Component 
Source of 
Limitation 

59 Federal land-leasing and 
permitting process for offshore 
locations is difficult. 

FTM, energy 
procurement, 
intermittent, solar, 
or wind 

Federal Americans for a Clean 
Energy Grid, “Energy 
Permitting and Reform Act”; 
Robinson et al., “Experts 
React” 

60 Minerals and fuel supply are 
limited (including enrichment 
capacity constraints on U3O8 and 
UF6). 

FTM, energy 
procurement, 
nuclear 

Supply chain Kozeracki et al., Pathways 
to Commercial Liftoff 

61 There are environmental concerns 
about nuclear fuel disposal and 
operational safety. 

FTM, energy 
procurement, 
nuclear 

Environmental Kozeracki et al., Pathways 
to Commercial Liftoff 

62 The Clean Water Act § 401 water 
quality certification process was a 
key driver of a longer hydropower 
licensing timeline.a 

FTM, energy 
procurement, 
other (hydrogen 
or other) 

Federal Levine et al., An 
Examination of the 
Hydropower Licensing and 
Federal Authorization 
Process 

63 Interconnection procedures are 
tailored to serve a jurisdiction’s 
distributed energy resource market 
conditions, and this can lead to 
queue backlogs or high grid 
upgrade fees for interconnection. 
States have not consistently 
incorporated updated standards 
into their interconnection 
procedures and technical 
requirements. 

FTM, storage State Building a Technically 
Reliable Interconnection 
Evolution for Storage, 
Toolkit and Guidance for the 
Interconnection of Energy 
Storage and Solar-Plus-
Storage 

64 Interconnection rules lack 
acceptable methods for controlling 
export of limited-export and 
nonexport systems; evaluation of 
non- and limited-export systems is 
based on unrealistic operating 
assumptions that lead to 
overestimated grid impacts and 
barriers to integration. Additionally, 
there is a lack of defined rules and 
processes for the evaluation of 
operating schedules. 

FTM, storage State Building a Technically 
Reliable Interconnection 
Evolution for Storage, 
Toolkit and Guidance for the 
Interconnection of Energy 
Storage and Solar-Plus-
Storage 

65 There is a lack of information 
about the distribution grid and its 
constraints that can inform where 
and how to interconnect storage. 

FTM, storage Economic or 
market factors 

Building a Technically 
Reliable Interconnection 
Evolution for Storage, 
Toolkit and Guidance for the 
Interconnection of Energy 
Storage and Solar-Plus-
Storage 
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Number Barrier Description 

Classification 

Citation Component 
Source of 
Limitation 

66 It is not possible to make system 
design changes to address grid 
impacts and avoid upgrades 
during interconnection review. 

FTM, storage State Building a Technically 
Reliable Interconnection 
Evolution for Storage, 
Toolkit and Guidance for the 
Interconnection of Energy 
Storage and Solar-Plus-
Storage 

NOTE: UF6 = uranium hexafluoride; U3O8 = triuranium octoxide. 
a Section 401 was added to Public Law 80-845, Water Pollution Control Act, by Public Law 92-500, Federal Water 
Pollution Control Act Amendments of 1972. 
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Appendix C. Interview Guide 

Purpose of the Interview 
The purpose of this interview was to gather expert insights and stakeholder perspectives on 

the barriers to increasing power capacity for AI infrastructure in the United States by 2030. The 
information collected contributed to the analysis and recommendations presented in this report 
and, most importantly, validate the barriers identified in our reviews of relevant literature.  

The interviews were conducted in a semistructured format, and the complete list of barriers 
was not explicitly presented to the interviewees. Discussion was used to validate and refine the 
barrier list. Results for barrier identification are presented in Appendix B. 

Interview Structure 

• Introduction (5 minutes)  

- Introduce the interviewer(s) and provide a brief overview of the study’s 
objectives. The research team introduces the purpose of the interview and how the 
information will be used. 

• Background information (5 minutes)  

- Ask the participant to provide a brief background on their expertise and 
experience related to AI infrastructure and power systems.  

- Explore any previous involvement with similar projects or studies and the 
interviewee’s role in addressing power capacity issues. 

• Semistructured discussion (30–40 minutes) 

- Follow the interview questions for guided conversations.  
- Explore specific examples or experiences the participant might have encountered 

regarding these barriers, highlighting any unique challenges or insights. 
- Discuss any additional barriers the participant believes should be considered, and 

why. 

• Recommendations and solutions (10 minutes) 

- Invite the participant to share potential solutions or strategies for overcoming the 
barriers, drawing on their experience and knowledge. 

- Discuss the observations on pilots and initiatives that might address the barriers 
effectively. This includes any innovative approaches or emerging technologies 
and their feasibility for implementation. 

• Conclusion (5 minutes) 

- Thank the participant for their time and insights. 
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- Outline the next steps in the study and how the interview findings will be 
integrated into the research. 

- Offer to share the final report or findings with the participant once completed. 

• Additional notes 

- Interviews will be conducted in a semistructured format. Questions in the lists 
below are to support extraction of insights in the conversation. 

- Interview duration is approximately 60 minutes but may vary depending on 
participant availability. 

- Interviewers should take detailed notes and, if consent is given, record the session 
for accuracy in capturing responses. 

Interview Questions 

• Hyperscalers and AI labs 

- What are the recent challenges and trends? What has [organization] been up to 
lately?  

- What are the most important factors that [organization] considers when siting a 
facility?  

- Is any difference in the factors being considered depending on training versus 
inference?  

- How does [organization] balance sustainability versus reliability needs when 
considering its AI energy needs?  

- What are the challenges of [organization] to interact with electric utilities, so AI is 
internalized in the planning process?  

- Any suggestions from [organization] that could improve interactions with 
utilities?  

- What challenges is [organization] facing from grid capacity constraints?  
- What are suggestions from [organization] on ways to address grid capacity 

constraints?  
- Are fossil-fuel alternatives, such as natural gas, being considered by 

[organization] as part of a solution to power AI?  
§ If so, which fuels?  

- Are the AI [organization] loads price responsive, and can they be used to support 
the grid in times of emergency?  

- Has AI [organization] considered owning and operating generators?  
- If [organization] anticipates growth in demand, do you plan to expand existing 

facilities or construct new data centers?  
- What are you looking for when choosing the location for a new data center?  
- Looking forward, how do you think the next five years will be different from the 

past five years for [organization]? 

• Utilities and power solution providers (FTM) 

- Is [organization] considering requesting a specific rate structure for data centers?  
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- What are the capital expenditure requirements for new service and 
interconnection? How do data centers manage and pay these costs?  

- Is the financial health of the utility a factor in choosing a location?  
- Is there consideration of splitting the load across service territory or provider to 

mitigate risks? 
- What are recent challenges and trends? What has [organization] been up to lately?  
- How are data centers affecting your network?  
- What is your service territory?  
- What services do you provide to data centers?  
- Looking forward, how do you think the next five years will be different from the 

past five years for [organization]?  
- How are you planning to meet future increases in demand (both supply and grid)?  
- How are anticipated increases in demand reported (to regulators, RTO or ISOs, 

etc.)?  
- What have you noticed in terms of how data center energy consumption differs 

from that of traditional industries and households?  
- What are the load profiles and load factors like?  
- Are there differences in the consumption patterns of AI-focused (or other high-

power computing perhaps) data centers and those of cloud and other, more-
traditional data centers?  

- Is there a ramp-up period to full load?  
- Are renewables (with or without storage) seen as a viable generation source?  
- Does your organization participate in any demand response programs, emergency 

or otherwise? If so, utility or ISO level?  
- Considering a 2030 timeline, is there any low-hanging fruit in terms of measures 

that could be taken to extract additional capacity from the grid (interagency 
agreement)?  

- Do you expect that colocating generation (either BTM or FTM  near the data 
centers) can be beneficial in terms of reducing the timeline and cost of 
energization and interconnection, cost, and reliability and resilience of power?  

- What would be the challenges for this strategy (colocation)?  
- What else can help reduce the time and cost to get energized? Does the strategy 

differ for scale (20 versus 1,000 MW)?  
- What factors influence where hyperscalers choose to open and operate data 

centers?  
- How common is clustering of data centers (within a small geographic region) as a 

location strategy? 

• BTM solution providers 

- What are the recent challenges and trends? What has [organization] been up to 
lately?  

- What types of services are requested of [organization] by data centers? What are 
the differences between these, and which ones are the most in demand?  
§ bridge power  
§ microgrids  
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§ resilience as a service 
§ backup natural gas generators  

- How do the solutions offered by [organization] interact with other infrastructure, 
if at all?  

- Do the solutions interact with the power grid, and if so, how?  
- Do the solutions interact with the natural gas network, and if so, how?  
- What are the benefits of the solutions offered to [organization] compared with 

other solutions, including grid connection?  
- What are the project timelines and processes, from initiation to completion?  
- What are typical barriers?  
- Are there specific permitting rules that need to be taken into account?  
- Are these barriers the same across ISOs?  
- How are the characteristics of projects determined?  
- What are considerations for locating projects?  
- What are considerations for sizing projects?  
- Looking forward, how do you think the next five years will be different from the 

past five years for [organization]?  
- What is the expected growth for [organization] out to 2030?  
- What are the barriers to further growth for [organization]?  
- Is there an upper limit to growth?  
- Is [organization] exploring any innovations or additional offerings?  
- What have you noticed in terms of how data center energy consumption differs 

from that of traditional industries and households?  
- What are the load profiles and load factors like?  
- Are there differences in the consumption patterns of AI-focused (or other high-

power computing perhaps) data centers and those of cloud and other, more-
traditional data centers?  

- Is there a ramp-up period to full load?  
- Are renewables (with or without storage) seen as a viable generation source?  
- Does your organization participate in any demand response programs, emergency 

or otherwise? If so, utility or ISO level?  
- Considering a 2030 timeline, is there any low-hanging fruit that could be taken to 

find additional capacity for powering data centers?  
- Are there options for renewable energy behind-the-meter generation that has the 

right characteristics?  
§ variable renewables 
§ battery storage or fuel cells 
§ hydrogen 
§ renewable natural gas  
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Abbreviations 

AI artificial intelligence 
BLM Bureau of Land Management 
BTM behind the meter 
CAF capacity accreditation factor 
CAISO California Independent System Operator 
COA course of action 
DC direct current 
DLR dynamic line rating 
DOE U.S. Department of Energy 
EC effective capacity 
EIA U.S. Energy Information Administration 
EIS environmental impact statement 
ELCC effective load-carrying capability 
EO executive order 
EPA U.S. Environmental Protection Agency 
ERCOT Electric Reliability Council of Texas 
FERC Federal Energy Regulatory Commission 
FTM front of the meter 
GET grid-enhancing technology 
GW gigawatt (109 watts) 
ISO independent system operator 
LSE load-serving entity 
MISO Midcontinent Independent System Operator 
NEPA National Environmental Policy Act of 1969 
NERC North American Electric Reliability Corporation 
NESHAP National Emission Standards for Hazardous Air Pollutants 
NGO nongovernmental organization 
NSPS new-source performance standard 
NYISO New York Independent System Operator 
PFC power flow control 
PJM Pennsylvania–New Jersey–Maryland Interconnection 
PUC public utility commission 
RICE reciprocating internal combustion engine 
RMI Rocky Mountain Institute 
RTO regional transmission organization 
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SPP Southwest Power Pool 
TO topology optimization 
var volt-ampere reactive 
VP vice president 
VRE variable renewable energy 

  



 82 

Glossary 

available capacity. The aggregated power output, expressed in gigawatts, that is readily 
accessible for consumption at any given time. This metric translates resource interconnection 
queue data into expected firm power capacity for future availability, accounting for such factors 
as capacity accreditation, transmission and distribution losses, deliverability, and project 
completion rate. Although all three metrics used to describe the capacity of energy resources—
available capacity, nameplate capacity, and effective capacity—are expressed in gigawatts, they 
measure different aspects of energy resources’ capacity. See also nameplate capacity and 
effective capacity. 

behind the meter. Describes an energy system located on the customer’s side of the utility 
meter. These systems generate, store, or manage electricity without passing through the meter 
that measures power consumption from the grid. See also front of the meter.  

capacity accreditation. The process of measuring a power resource’s reliable contribution to 
a system’s resource adequacy in terms of capacity and energy. Power system planners, such 
independent system operators and regional transmission organizations, use this process to 
assess effective capacity across different resource types in a technology-agnostic and reliability-
neutral manner.148 

deliverability. A power generation resource’s ability to reliably supply electricity to the grid 
and meet demand, considering the capacity of transmission and distribution systems. It 
encompasses the logistical and infrastructural aspects that ensure that electricity can be delivered 
from the point of generation to the end users, accounting for potential constraints and bottlenecks 
within the existing grid network. 

effective capacity. The portion of a power resource’s capacity that can be relied on to meet 
demand during peak periods, determined by the capacity accreditation process. It is also 
commonly referred to as capacity credit, capacity value, capacity contribution, perfect capacity, 
or firm capacity. This capacity value can be exchanged megawatts-to-megawatts from one 
resource type to another while maintaining resource adequacy. Mathematically, EC is 
calculated by multiplying the Capacity Accreditation Factor (CAF) by the Nameplate Capacity 
(𝑃!"#): 𝐸𝐶	(𝑀𝑊) = 𝑃!"#(𝑀𝑊) × 𝐶𝐴𝐹	(%). 

effective load-carrying capability. A widely used capacity accreditation method of 
measuring variable renewable energy, such as wind or solar, as well as energy-limited 
resources, such as storage, especially during high-risk periods. It assesses a resource’s 
contribution to resource adequacy by determining the load that can be added without 

 
148 S. Newell and J. Higham, “Motivation for Reforming Accreditation for Renewables: Jurisdictional Review.” 
Reliability, in this context, is defined as meeting the Resource Adequacy standard. 
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compromising system reliability. To quantify a resource’s contribution, expressed as a 
percentage of its nameplate capacity, it uses probabilistic reliability–based methods, which 
involve thousands of detailed computer simulations of different conditions.  

firm or dispatchable power. Power-producing capacity that is guaranteed to always be 
available (firm) or can be turned on or off or adjusted on demand during normal operating 
conditions (dispatchable). In this report, we refer to resources with higher capacity 
accreditation factors that can generate or discharge electricity and support the grid during 
periods of grid risk as firm or dispatchable power.  

front of the meter. Describes an energy system that is connected to the utility grid and 
supplies electricity to a broad area, typically including large-scale generation and storage 
facilities. 

independent system operator. An entity that operates and runs a regional electric 
transmission grid, ensuring transmission access, planning, operation, and dispatch of energy. As 
of 2023, seven managed energy and capacity markets for more than two-thirds of the United 
States: six Federal Energy Regulatory Commission jurisdictional regional transmission 
organizations—New York Independent System Operator, ISO New England, California 
Independent System Operator, Midcontinent Independent System Operator, Pennsylvania–New 
Jersey–Maryland Interconnection, and Southwest Power Pool—and the Electric Reliability 
Council of Texas. They also oversee reliability planning and short-term system reliability. In this 
report, we use this term to refer also to regional transmission organizations. 

nameplate capacity. The maximum theoretical output of a power generation facility as 
specified by the manufacturer (typically expressed as 𝑃!"#). It represents the highest level of 
power the facility can produce under ideal conditions, without accounting for maintenance, fuel 
availability, or operational limitations. 

reactive power. The power in an alternating current (AC) circuit that oscillates between the 
source and the load, measured in volt-amperes reactive (VAR). Reactive power does not perform 
useful work but is necessary to maintain the electric and magnetic fields in inductive and 
capacitive components, such as motors and transformers. It is the product of voltage, current, and 
the sine of the phase angle between them. 

real power. The actual power that performs useful work in an electrical circuit, measured in 
watts (W). Real power represents the energy consumed by devices to produce heat, light, motion, 
or other forms of work. It is the product of voltage, current, and the cosine of the phase angle 
between them. 

region. An independent system operator or non–independent system operator territory. 
regional transmission organization. An entity that operates transmission systems and 

develops innovative procedures for equitable transmission management. In this report, we use 
independent system operator to refer to these organizations. 

resource. A type of generation or storage, typically associated with a specific technology and 
fuel type. For instance, a solar resource would be a solar photovoltaic or thermal technology, 
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while a gas resource would be a simple- or combined-cycle technology that uses natural gas as a 
fuel. 

resource adequacy. A power system’s ability to supply enough electricity to meet its 
reliability target during all hours of the year. It requires system planners to ensure that the mix of 
resources can meet demand during periods of high system stress. Integrating intermittent 
resources and storage is challenging because of their dependence on the overall resource mix, 
season, and time of day. 

supplemental generation. Additional power generation resources that can be temporarily 
deployed to support the primary electricity supply during peak demand periods, emergencies, or 
other situations in which the main power grid is unable to support loads. This includes both on-
site generation technologies, such as backup diesel generators and nondiesel alternatives 
colocated with data centers, and other distributed energy resources that can provide additional 
capacity and flexibility to the grid. Supplemental generation can increase available firm capacity 
for data center operations and decrease reliance on the grid. 

variable line rating. An alternative to static line rating that adjusts line ratings to account for 
environmental variables. Two primary variable line rating mechanisms are ambient adjusted 
ratings and dynamic line ratings. 

variable renewable energy. Electricity generated by a technology that relies on an energy 
source, such as solar or wind, that fluctuates over time and is not easily stored. These sources 
depend on changing environmental conditions, which affects their maximum output at any given 
time. 
  



 85 

References 

Americans for a Clean Energy Grid, “Energy Permitting and Reform Act,” fact sheet, circa July 
2024.  

Anthropic, Build AI in America, July 2025. 

Arciniegas Rueda, Ismael, Henri van Soest, Hye Min Park, Austin Smidt, David Gill, Robin 
Wang, Kelly Klima, and Aisha Najera, Assessing the United States’ Additional Power 
Capacity by 2030: Estimating Short-Term Increases in Electricity Generation and the Ability 
to Meet Growth in Power Demand, RAND Corporation, RR-A3845-1, 2025. As of June 30, 
2025: 
https://www.rand.org/pubs/research_reports/RRA3845-1.html 

Aziza, Onoriode Reginald, Ngozi Samuel Uzougbo, and Munachi Chikodili Ugwu, “The Impact 
of Artificial Intelligence on Regulatory Compliance in the Oil and Gas Industry,” World 
Journal of Advanced Research and Reviews, Vol. 19, No. 3, 2023.  

Bauer, Lauren, Wendy Edelberg, Cameron Greene, Olivia Howard, and Linsie Zou, “Eight Facts 
About Permitting and the Clean Energy Transitions,” Brookings Institution, May 22, 2024.  

Becker, Rachel, “Southern California’s Natural Gas Plants to Stay Open Through 2026,” 
CalMatters, August 15, 2023. 

Biden, Joseph R., Jr., “Executive Order 14141 of January 14, 2025: Advancing United States 
Leadership in Artificial Intelligence Infrastructure Online,” Federal Register, Vol. 90, No. 
11, January 17, 2025.  

Bistline, John, Geoffrey Blanford, Maxwell Brown, Dallas Burtraw, Maya Domeshek, Jamil 
Farbes, Allen Fawcett, Anne Hamilton, Jesse Jenkins, Ryan Jones, Ben King, Hannah Kolus, 
John Larsen, Amanda Levin, Megan Mahajan, Cara Marcy, Erin Mayfield, James 
McFarland, Haewon McJeon, Robbie Orvis, Neha Patankar, Kevin Rennert, Christopher 
Roney, Nicholas Roy, Greg Schivley, Daniel Steinberg, Nadejda Victor, Shelley Wenzel, 
John Weyant, Ryan Wiser, Mei Yuan, and Alicia Zhao, “Emissions and Energy Impacts of 
the Inflation Reduction Act,” Science, Vol. 380, No. 6652, June 29, 2023. 

BLM—See Bureau of Land Management. 

Board on Energy and Environmental Systems, Division on Engineering and Physical Sciences, 
National Academies of Sciences, Engineering, and Medicine, Pathways for New Nuclear 
Development: Proceedings of a Workshop, National Academies Press, 2025. 

https://www.rand.org/pubs/research_reports/RRA3845-1.html


 86 

Building a Technically Reliable Interconnection Evolution for Storage, Toolkit and Guidance for 
the Interconnection of Energy Storage and Solar-Plus-Storage, March 30, 2022. 

Bureau of Land Management, U.S. Department of the Interior, “Active Solar and Wind 
Projects,” webpage, undated. As of April 4, 2025: 
https://www.blm.gov/programs/energy-and-minerals/renewable-energy/active-renewable-
projects 

Bureau of Land Management, U.S. Department of the Interior, “Utility-Scale Solar Energy 
Development PEIS/RMPA,” National Environmental Policy Act Register, last updated 
January 21, 2025.  

California Independent System Operator, homepage, undated. As of September 12, 2025: 
https://www.caiso.com/ 

California Public Utilities Commission, General Order 96-B, updates through May 10, 2018. 

Cao, Xuanyu, Junshan Zhang, and H. Vincent Poor, “Data Center Demand Response with On-
Site Renewable Generation: A Bargaining Approach,” IEEE/ACM Transactions on 
Networking, Vol. 26, No. 6, December 2018. 

Carden, Kevin, Trevor Bellon, Aaron Burdick, Charles Gulian, and Arne Olson, Incremental 
ELCC Study for Mid-Term Reliability Procurement (January 2023 Update), prepared for the 
California Public Utilities Commission, January 2023. 

Chu, Amanda, and Jamie Smyth, “AI Set to Fuel Surge in New US Gas Power Plants,” Financial 
Times, January 13, 2025.  

Citizens for Responsible Energy Solutions Forum, “The Untapped Potential of Geothermal 
Energy,” issue brief, April 22, 2024.  

Clark, Kevin, “No Quick Fixes on Data Center–Generator Co-Location Issue,” Factor This 
Power Engineering, November 1, 2024.  

Code of Federal Regulations, Title 40, Protection of Environment; Chapter I, Environmental 
Protection Agency; Subchapter C, Air Programs; Part 60, Standards of Performance for New 
Stationary Sources; Subpart IIII, Standards of Performance for Stationary Compression 
Ignition Internal Combustion Engines. 

Code of Federal Regulations, Title 40, Protection of Environment; Chapter I, Environmental 
Protection Agency; Subchapter C, Air Programs; Part 60, Standards of Performance for New 
Stationary Sources; Subpart JJJJ, Standards of Performance for Stationary Spark Ignition 
Internal Combustion Engines. 

https://www.blm.gov/programs/energy-and-minerals/renewable-energy/active-renewable-projects
https://www.caiso.com/


 87 

Code of Federal Regulations, Title 40, Protection of Environment; Chapter I, Environmental 
Protection Agency; Subchapter C, Air Programs; Part 63, National Emission Standards for 
Hazardous Air Pollutants for Source Categories; Subpart ZZZZ, National Emissions 
Standards for Hazardous Air Pollutants for Stationary Reciprocating Internal Combustion 
Engines. 

Constellation, “Constellation to Launch Crane Clean Energy Center, Restoring Jobs and Carbon-
Free Power to the Grid,” press release, September 20, 2024.  

Crusoe Energy Systems, “Crusoe to Build Initial 200 MW AI Data Center with Plans to Expand 
at 1.2GW Lancium Clean Campus,” press release, July 18, 2024.  

Customized Energy Solutions, “FERC Order 2023: Navigating the Complex Landscape for 
Energy Storage,” white paper, October 30, 2024.  

Dabbagh, Mehiar, Bechir Hamdaoui, Ammar Rayes, and Mohsen Guizani, “Shaving Data Center 
Power Demand Peaks Through Energy Storage and Workload Shifting Control,” IEEE 
Transactions on Cloud Computing, Vol. 7, No. 4, October–December 2019.  

Divan, Deepak, and Harjeet Johal, “Distributed FACTS: A New Concept for Realizing Grid 
Power Flow Control,” IEEE Transactions on Power Electronics, Vol. 22, No. 6, November 
2007.  

DOE—See U.S. Department of Energy. 

Doying, Richard, Michael Goggin, and Abby Sherman, “Transmission Congestion Costs Rise 
Again in U.S. RTOS,” Grid Strategies, July 2023.  

Edeh, Uchenna Emmanuel, Tek Tjing Lie, and Md Apel Mahmud, “Assessment of Transmission 
Reliability Margin: Existing Methods and Challenges and Future Prospects,” Energies, Vol. 
18, No. 9, 2025. 

Edelen, Zachary, and Michelle Xu, “Impacts of Virginia Data Center Demand Growth on the 
Power System,” Aurora Energy Research, June 2024.  

EIA—See U.S. Energy Information Administration. 

Eisenson, Matthew, Opposition to Renewable Energy Facilities in the United States: May 2023 
Edition, Sabin Center for Climate Change Law, Columbia Climate School, Columbia Law 
School, May 31, 2023.  

Electric Reliability Council of Texas, homepage, undated. As of September 12, 2025: 
https://www.ercot.com/ 

Energy Systems Integration Group, “Large Loads Task Force: Kick-Off Webinar,” December 
17, 2024.  

https://www.ercot.com/


 88 

Engine No. 1 and Crusoe, “Engine No. 1 and Crusoe Partner to Launch Powered Data Center 
Infrastructure Joint Venue,” press release, March 17, 2025.  

EO 14141—See Biden, “Executive Order 14141 of January 14, 2025.” 

EPA—See U.S. Environmental Protection Agency. 

ERCOT—See Electric Reliability Council of Texas. 

Farmer, Miles, and Abe Silverman, Unlocking the Power of Surplus Interconnection, GridLab, 
February 21, 2025.  

Farmer, Miles, Abe Silverman, and Casey Baker, Surplus Interconnection: A Tool to 
Immediately Deploy New Electricity Supply to Enhance Grid Reliability and Affordability, 
GridLab, undated. 

Fate, Aaron A., assistant general counsel, Midcontinent Independent System Operator, 
“Midcontinent Independent System Operator, Inc. Tariff Revisions for Demand Response 
Participation Requirements, Docket ER25-___-000,” memorandum to Debbie-Anne Reese, 
secretary, Federal Energy Regulatory Commission, U.S. Department of Energy, March 21, 
2025. 

Federal Energy Regulatory Commission, U.S. Department of Energy, “Improvements to 
Generator Interconnection Procedures and Agreements,” Federal Register, Vol. 88, No. 171, 
September 6, 2023 (final rule). 

Federal Energy Regulatory Commission, U.S. Department of Energy, “Explainer on the 
Interconnection Final Rule: Improvements to Generator Interconnection Procedures and 
Agreements, Docket No. RM22-14-000, Order No. 2023,” webpage, last updated January 23, 
2025. As of April 4, 2025: 
https://www.ferc.gov/explainer-interconnection-final-rule 

Federal Energy Regulatory Commission, U.S. Department of Energy, “ERCOT,” webpage, last 
updated January 27, 2025. As of April 4, 2025: 
https://www.ferc.gov/industries-data/electric/electric-power-markets/ercot 

Federal Energy Regulatory Commission, U.S. Department of Energy, “Explainer on the 
Interconnection Final Rule Requests for Rehearing and Clarification (FERC Order No. 2023-
A),” last updated January 30, 2025. 

Federal Energy Regulatory Commission, U.S. Department of Energy, “FERC Proposes 
Interconnection Reforms to Address Queue Backlogs,” news release, June 16, 2025.  

FERC—See Federal Energy Regulatory Commission. 

FERC Order 2023—See Federal Energy Regulatory Commission, “Improvements to Generator 
Interconnection Procedures and Agreements.” 

https://www.ferc.gov/explainer-interconnection-final-rule
https://www.ferc.gov/industries-data/electric/electric-power-markets/ercot


 89 

Fernandes, Jenifer, “ERCOT Interconnection Process: Generation Entity Winter Weather 
Preparedness Workshop,” briefing slides, Electric Reliability Council of Texas, October 28, 
2024.  

Ferrell, Shannon L., and Larry Sanders, Natural Gas Extraction: Issues and Policy Options, 
white paper, National Agricultural and Rural Development Policy Center, Regional Rural 
Development Centers, March 2013.  

Fishman, Xan, Marty Hall, John Jacobs, and Lori Pickford, “Linear Infrastructure: Options for 
Efficient Permitting of Transmission and Pipeline Infrastructure,” Bipartisan Policy Center, 
July 2023.  

Forbes Breaking News, “Breaking: Trump—Flanked by Larry Ellison, Sam Altman, and 
Masayoshi Son—Announces Project Stargate,” video, January 21, 2025. As of April 4, 2025: 
https://www.youtube.com/watch?v=IYUoANr3cMo 

Fratrič, Peter, Nils Holzenberger, and David Restrepo Amariles, “Can AI Expose Tax 
Loopholes? Towards a New Generation of Legal Policy Assistants,” arXiv, 
arXiv:2503.17339v1, March 21, 2025.  

Gardizy, Anissa, and Amir Efrati, “Microsoft and OpenAI Plot $100 Billion Stargate AI 
Supercomputer,” The Information, webpage, undated. As of April 4, 2025: 
https://www.theinformation.com/articles/microsoft-and-openai-plot-100-billion-stargate-ai-
supercomputer 

General Electric International, Evaluation of ELCC Methodology in the ISO-NE Footprint, report 
for the Natural Resources Defense Council, October 10, 2022. 

Gibson Dunn, “FERC Technical Conference Puts Challenges of Powering Data Centers at 
Center Stage,” client alert, November 4, 2024. 

Glanz, James, “The Cloud Factories: Power, Pollution and the Internet,” New York Times, 
September 22, 2012. 

Gorman, Will, Joseph Rand, Julai Matevosyan, Fredrich Kahrl, Michele Boyd, Ammar 
Quasaibaty, Dexter Hendricks, Jian Fu, Cynthia Bothwell, Colette Fletcher-Hoppe, Colette, 
Hannah Taylor, Fernando Salcedo, Ryan Wiser, Joachim Seel, Julie Kemp, Diane Baldwin, 
Tom McDermott, Karyn Boenker, Jessica Kerby, Lara Aston, Devyn Powell, Francis 
Tuffner, Radina Valova, Cynthia Finley, and Debra Lew, Transmission Interconnection 
Roadmap: Transforming Bulk Transmission Interconnection by 2035, Office of Scientific 
and Technical Information, Office of Science, U.S. Department of Energy, DOE-EE-2838, 
April 1, 2024.  

https://www.youtube.com/watch?v=IYUoANr3cMo
https://www.theinformation.com/articles/microsoft-and-openai-plot-100-billion-stargate-ai-supercomputer


 90 

Green, Alastair, Humayun Tai, Jesse Noffsinger, Pankaj Sachdeva, Arjita Bhan, and Raman 
Sharma, “How Data Centers and the Energy Sector Can Sate AI’s Hunger for Power,” 
McKinsey and Company, September 17, 2024.  

Guo, Bowei, and Melvyn Weeks, “Dynamic Tariffs, Demand Response, and Regulation in Retail 
Electricity Markets,” Energy Economics, Vol. 106, February 2022. 

Hausman, Catherine, “Power Flows: Transmission Lines, Allocative Efficiency, and Corporate 
Profits,” National Bureau of Economic Research, Working Paper 32091, January 2024.  

He, Wei, Qing Xu, Shengchun Liu, Tieying Wang, Fang Wang, Xiaohui Wu, Yulin Wang, and 
Hailong Li, “Analysis on Data Center Power Supply System Based on Multiple Renewable 
Power Configurations and Multi-Objective Optimization,” Renewable Energy, Vol. 222, 
February 2024.  

Hedman, Kory W., Shmuel S. Oren, and Richard P. O’Neill, “A Review of Transmission 
Switching and Network Topology Optimization,” 2011 IEEE Power and Energy Society 
General Meeting, 2011.  

Hochman, Thomas, The State Permitting Playbook, Foundation for American Innovation, 
November 2024.  

Hogade, Ninad, and Sudeep Pasricha, “Game-Theoretic Deep Reinforcement Learning to 
Minimize Carbon Emissions and Energy Costs for AI Inference Workloads in Geo-
Distributed Data Centers,” arXiv, arXiv:2404.01459v1, April 1, 2024.  

Hou, Kai, Puting Tang, Zeyu Liu, Hongjie Jia, Kai Yuan, Chongbo Sun, and Yi Song, “A Fast 
Optimal Load Shedding Method for Power System Reliability Assessment Based on Shadow 
Price Theory,” Energy Reports, Vol. 8, Supp. 1, April 2022.  

Howland, Ethan, “MISO Proposes Demand Response Rule Changes to Stem Market Fraud, 
Gaming,” Utility Dive, March 24, 2025.  

Ilyushin, Pavel, Vladislav Volnyi, Konstantin Suslov, and Sergey Filippov, “State-of-the-Art 
Literature Review of Power Flow Control Methods for Low-Voltage AC and AC–DC 
Microgrids,” Energies, Vol. 16, No. 7, 2023.  

Interconnection Innovation e-Xchange, U.S. Department of Energy, “Overview of the DOE 
Transmission Interconnection Roadmap,” briefing slides, May 14, 2024.  

International Energy Agency, Global Hydrogen Review 2024, revised version, October 2024.  

International Renewable Energy Agency, Dynamic Line Rating, Innovation Landscape Brief, 
2020.  

ISO New England, homepage, undated. As of September 12, 2025: 
https://www.iso-ne.com/ 

https://www.iso-ne.com/


 91 

Jabr, R. A., “Robust Transmission Network Expansion Planning with Uncertain Renewable 
Generation and Loads,” IEEE Transactions on Power Systems, Vol. 28, No. 4, November 
2013. 

Jacobs, Jennifer, “Trump Announces Up to $500 Billion in Private Sector AI Infrastructure 
Investment,” CBS News, January 22, 2025.  

Kambhampati, Viswambher, Andy van den Dobbelsteen, and Joep Schild, “Moving Beyond 
Diesel Generators: Exploring Renewable Backup Alternatives for Data Centers,” Journal of 
Physics: Conference Series, Vol. 2929, No. 1, 2024.  

Kozeracki, Julie, Chris Vlahoplus, Ken Erwin, Alan Propp, Sonali Razdan, Rasheed Auguste, 
Tim Stuhldreher, Christina Walrond, Melissa Bates, Erica Bickford, Andrew Foss, Derek 
Gaston, Cheryl Herman, Rory Stanley, Billy Valderrama, Katheryn Scott, Tomotaroh 
Granzier-Nakajima, Paul Donohoo-Vallett, Tom Fanning, Brent Dixon, Abdalla Abou 
Jaoude, and Chris Lohse, Pathways to Commercial Liftoff: Advanced Nuclear, U.S. 
Department of Energy, September 2024.  

Lacey, Stephen, and Scott Clavenna, “What Stargate Says About Power at the AI–Energy 
Nexus,” Latitude Media, January 22, 2025.  

LANCIUM, “Abilene, TX Clean Campus,” webpage, March 2025. As of April 4, 2025: 
https://lancium.com/abilene-tx-clean-campus/ 

Lawson, Ashley J., “Energy Permitting Reform Act of 2024: Electricity Provisions,” 
Congressional Research Service, IN12412, updated October 4, 2024.  

Levine, Aaron, Brenda Pracheil, Taylor Curtis, Ligia Smith, Jesse Cruce, Matt Aldrovandi, 
Christa Brelsford, Heather Buchanan, Emily Fekete, Esther Parish, Rocio Uria-Martinez, 
Megan Johnson, and Debjani Singh, An Examination of the Hydropower Licensing and 
Federal Authorization Process, National Renewable Energy Laboratory, NREL/TP-6A20-
79242, October 2021.  

Li, Yanlin, Kaigui Xie, Lingfeng Wang, and Yingmeng Xiang, “Exploiting Network Topology 
Optimization and Demand Side Management to Improve Bulk Power System Resilience 
Under Windstorms,” Electric Power Systems Research, Vol. 171, June 2019.  

Liu, Zhenhua, Iris Liu, Steven Low, and Adam Wierman, “Pricing Data Center Demand 
Response,” Sigmetrics’14, June 16, 2014.  

Liu, Zhenhua, Adam Wierman, Yuan Chen, Benjamin Razon, and Niangjun Chen, “Data Center 
Demand Response: Avoiding the Coincident Peak Via Workload Shifting and Local 
Generation,” Performance Evaluation, Vol. 70, No. 10, October 2013.  

Loritz, Justin, “EPA Emission Standards for Diesel Generators,” Power Systems Topics 124, 
Energy Division, Kohler Company, April 2024.  

https://lancium.com/abilene-tx-clean-campus/


 92 

Louisiana Economic Development, “Meta Selects Northeast Louisiana as Site of $10 Billion 
Artificial Intelligence Optimized Data Center; Governor Jeff Landry Calls Investment ‘a 
New Chapter’ for State,” press release, December 4, 2024.  

Lovett, Channing, “A Deep Dive into Data Center Redundancy,” Tierpoint blog, January 2, 
2024. As of April 4, 2025: 
https://www.tierpoint.com/blog/data-center-redundancy/ 

Luther, Linda, The National Environmental Policy Act (NEPA): Background and 
Implementation, Congressional Research Service, RL33152, updated January 10, 2011.  

Mandler, C., “Three Mile Island Nuclear Plant Will Reopen to Power Microsoft Data Centers,” 
NPR, September 20, 2024.  

McDevitt-Galles, Jamie, Chaz Teplin, Beverly Bendix, and Claire Wayner, “Waiting in Queue: 
RMI’s Solutions to the Gridlocked US Power Sector,” Rocky Mountain Institute, September 
4, 2024.  

Meissner, Brad, “EPA Emission Standards for Diesel Generators,” white paper, Power Systems 
Topics 124, Kohler Company, November 2020.  

Merica, Dan, and Jesse Bedayn, “As Data Centers Proliferate, Conflict with Local Communities 
Follows,” Associated Press, December 5, 2024.  

Meyer, David, “OpenAI Reportedly Wants to Build 5-Gigawatt Data Centers, and Nobody 
Knows Who Could Supply That Much Power,” Fortune, September 27, 2024.  

Midcontinent Independent System Operator, homepage, undated. As of September 12, 2025: 
https://www.misoenergy.org/ 

Midcontinent Independent System Operator, Planning Resource Auction: Results for Planning 
Year 2024–25, briefing slides, April 25, 2024. 

MISO—See Midcontinent Independent System Operator. 

Monadi, Mehdi, Kumars Rouzbehi, Jose Ignacio Candela, and Pedro Rodriguez, “DC 
Distribution Networks: A Solution for Integration of Distributed Generation Systems,” in G. 
B. Gharehpetian and S. Mohammad Mousavi Agah, eds., Distributed Generation Systems: 
Design, Operation and Grid Integration, Butterworth-Heinemann, 2017.  

Monitoring Analytics, Quarterly State of the Market Report for PJM: January Through June, 
2024.  

Moss, Sebastian, “Microsoft and OpenAI Consider $100bn, 5GW ‘Stargate’ AI Data Center: 
Report,” Data Centre Dynamics, March 29, 2024.  

Mu, Qing, Jun Liang, Yalou Li, and Xiaoxin Zhou, “Power Flow Control Devices in DC Grids,” 
2012 IEEE Power and Energy Society General Meeting, 2012.  

https://www.tierpoint.com/blog/data-center-redundancy/
https://www.misoenergy.org/


 93 

Mulvaney, Katie, Katie Siegner, Chaz Teplin, and Sarah Toth, GETting Interconnected in PJM: 
Grid-Enhancing Technologies (GETs) Can Increase the Speed and Scale of New Entry from 
PJM’s Queue, Rocky Mountain Institute, February 2024.  

National Renewable Energy Laboratory, “Power Grid Basics,” webpage, last updated August 27, 
2025. As of September 11, 2025: 
https://www.nrel.gov/research/power-grid 

NERC—See North American Electric Reliability Corporation. 

New York Independent System Operator, homepage, undated. As of September 12, 2025: 
https://www.nyiso.com/ 

New York Independent System Operator, “Updated Final Capacity Accreditation Factors for the 
2024–2025 Capability Year,” undated. 

Newell, Sam, and John Higham, Motivation for Reforming Accreditation for Renewables: 
Jurisdictional Review, presented for Midcontinent Independent System Operator, January 
2022. 

Norris, Tyler H., Tim Profeta, Dalia Patino-Echeverri, and Adam Cowie-Haskell, Rethinking 
Load Growth: Assessing the Potential of Large Flexible Loads in US Power Systems, 
Nicholas Institute for Energy, Environmental and Sustainability, Duke University, NI R 25-
01, 2025.  

North American Electric Reliability Corporation, 2024 Long-Term Reliability Assessment, 
December 2024.  

O’Brien, Matt, and Associated Press, “OpenAI Is Combing Through over a Dozen U.S. States 
for Ideal Spots to Establish ‘Somewhere Between 5 to 10’ Stargate AI Data Centers,” 
Fortune, February 6, 2025.  

Office of Electric Reliability, Office of Energy Policy and Innovation, Federal Energy 
Regulatory Commission, 2023 Summer Energy Market and Electric Reliability Assessment: 
A Staff Report to the Commission, May 18, 2023. 

Office of Electricity, U.S. Department of Energy, “Grid Enhancing Technologies: From R&D to 
Reality,” blog post, October 20, 2023. 

Office of Policy, U.S. Department of Energy, “Request for Information on Artificial Intelligence 
Infrastructure on DOE Lands,” Federal Register, Vol. 90, No. 65, April 7, 2025. 

OpenAI, “OpenAI’s Proposals for the U.S. AI Action Plan,” March 13, 2025. 

Oregon State Legislature, Relating to High Energy Use Facilities, House Bill 2816, Regular 
Session, referred to House Committee on Climate, Energy, and Environment, June 25, 2023. 

https://www.nrel.gov/research/power-grid
https://www.nyiso.com/


 94 

Outka, Uma, “Renewable Energy Siting for the Critical Decade,” Kansas Law Review, Vol. 69, 
No. 5, June 2021.  

Patel, Dylan, Daniel Nishball, and Jeremie Eliahou Ontiveros, “Multi-Datacenter Training: 
OpenAI’s Ambitious Plan to Beat Google’s Infrastructure,” SemiAnalysis, September 4, 
2024.  

Patel, Kush, Kevin Steinberger, Andrew DeBenedictis, Manfei Wu, Jonathan Blair, Paul 
Picciano, Pedro Oporto, Ruoshui Li, Brendan Mahoney, Andrew Solfest, Riti Bhandarkar, 
and Aneri Shah, Virginia Data Center Study: Electric Infrastructure and Customer Rate 
Impacts, prepared on behalf of the Virginia Joint Legislative Audit and Reviews 
Commission, December 2024.  

Pennsylvania–New Jersey–Maryland Interconnection, “ELCC Class Ratings for the 2026/2027 
Base Residual Auction,” undated. 

Pennsylvania–New Jersey–Maryland Interconnection, “Transition Cycle #1 Phase I System 
Impact Study Results: FAQ for Developers,” version 001, May 20, 2024.  

Penrod, Emma, “FERC Order 2023 Implementation Exposes Gaps in Interconnection Process: 
S&P Panel,” Utility Dive, brief, May 30, 2024.  

Pilz, Konstantin F., Yusuf Mahmood, and Lennart Heim, AI’s Power Requirements Under 
Exponential Growth: Extrapolating AI Data Center Power Demand and Assessing Its 
Potential Impact on U.S. Competitiveness, RAND Corporation, RR-A3572-1, 2025. As of 
April 4, 2025: 
https://www.rand.org/pubs/research_reports/RRA3572-1.html 

PJM—See Pennsylvania–New Jersey–Maryland Interconnection. 

PJM Power Providers Grp. V. FERC, 88 F.4th 250 (3d Cir. 2023). 

Public Law 66-280, Federal Water Power Act, June 10, 1920, as amended. 

Public Law 80-845, Water Pollution Control Act, June 30, 1948, as amended. 

Public Law 91-190, National Environmental Policy Act of 1969, January 1, 1970. 

Public Law 92-500, Federal Water Pollution Control Act Amendments of 1972, October 18, 
1972. 

Public Law 93-205, Endangered Species Act of 1973, December 28, 1973. 

Qin, Yang, Wuji Han, Yuanyuan Yang, Weihong Yang, and Bing Liu, “Joint Energy 
Optimization on the Server and Network Sides for Geo-Distributed Data Centers,” ICC 
2019: 2019 IEEE International Conference on Communications (ICC), 2019.  

https://www.rand.org/pubs/research_reports/RRA3572-1.html


 95 

Quimbre, Fiona, Ismael Arciniegas Rueda, Henri van Soest, Jon Schmid, Howard J. Shatz, 
Timothy R. Heath, Michal Meidan, Andrea Wullner, Paul Deane, James Glynn, and Liam 
Regan, China’s Global Energy Interconnection: Exploring the Security Implications of a 
Power Grid Developed and Governed by China, RAND Corporation, RR-A2490-1, 2023. As 
of April 3, 2025: 
https://www.rand.org/pubs/research_reports/RRA2490-1.html 

Rand, Joseph, Nick Manderlink, Will Gorman, Ryan H. Wiser, Joachim Seel, Julie Mulvaney 
Kemp, Seongeun Jeong, and Fritz Kahrl, Queued Up: 2024 Edition—Characteristics of 
Power Plants Seeking Transmission Interconnection as of the End of 2023, Energy Markets 
and Policy, Berkeley Lab, April 2024.  

Rebane, Kaja, Katie Siegner, and Sarah Toth, “Cheaper, Cleaner, Faster,” Rocky Mountain 
Institute, July 13, 2023.  

Robinson, Quill, Kunro Irié, Ray Cai, and Cy McGeady, “Experts React: Senators Manchin and 
Barrasso Announce Permitting Reform Bill,” commentary, Center for Strategic and 
International Studies, July 25, 2024.  

Roos, J. G., and I. E. Lane, “Industrial Power Demand Response Analysis for One-Part Real-
Time Pricing,” IEEE Transactions on Power Systems, Vol. 13, No. 1, February 1998. 

Rossi, Jim, “Promoting Cost-Effective Grid Modernization,” Regulation, Winter 2022–2023.  

Roundtable on Artificial Intelligence and Climate Change, Board on Energy and Environmental 
Systems, Division on Engineering and Physical Sciences, National Academies of Sciences, 
Engineering, and Medicine, Implications of Artificial Intelligence–Related Data Center 
Electricity Use and Emissions: Proceedings of a Workshop, National Academies Press, 2025. 

Rueger, Jane, Jared Padway, and Jacob Neeley, “FERC Upholds Reforms to Interconnection 
Process, but Will Reforms Be Implemented Fast Enough?” Perkins Coie, April 18, 2024.  

Rui, Xinyang, Omid Mirzapour, and Mostafa Ardakani, “A Revenue-Adequate Market Design 
for Grid-Enhancing Technologies,” Sustainable Energy, Grids and Networks, Vol. 42, June 
2025. 

Saul, Josh, “Data Centers Now Need a Reactor’s Worth of Power, Dominion Says,” Bloomberg, 
May 2, 2024.  

Scharre, Paul, Future-Proofing Frontier AI Regulation: Projecting Future Compute for Frontier 
AI Models, Center for a New American Security, March 13, 2024.  

Secretary of Energy Advisory Board, U.S. Department of Energy, “Recommendations on 
Powering Artificial Intelligence and Data Center Infrastructure,” presented to the Secretary 
of Energy, July 30, 2024.  

https://www.rand.org/pubs/research_reports/RRA2490-1.html


 96 

Sevilla, Jaime, Tamay Besiroglu, Ben Cottier, Josh You, Edu Roldán, Pablo Villalobos, and Ege 
Erdil, Can AI Scaling Continue Through 2030? Epoch AI, August 20, 2024.  

Simeone, Christina E., and Amy Rose, Barriers and Opportunities to Realize the System Value of 
Interregional Transmission, National Renewable Energy Laboratory, Office of Energy 
Efficiency and Renewable Energy, U.S. Department of Energy, NREL/TP-6A40-89363, June 
2024.  

Snowball, Jon, Gillian Roberts, and Lincoln Tan, “IREN Secures 2.75GW for Data Centers in 
West Texas with New 600MW Grid Connection Agreement,” press release, March 17, 2025.  

Southwest Power Pool, homepage, undated. As of September 12, 2025: 
https://www.spp.org/ 

Southwest Power Pool, Report on Hybrid Resources of Southwest Power Pool, Inc., report for 
the Federal Energy Regulatory Commission, Docket AD20-9-000, July 19, 2021.  

Southwest Power Pool, 2024 ELCC Wind Solar and ESR Study Report, August 2024. 

SPP—See Southwest Power Pool. 

Srivathsan, Bhargs, Marc Sorel, and Pankaj Sachdeva, with Arjita Bhan, Haripreet Batra, Raman 
Sharma, Rishi Gupta, and Surbhi Choudhary, “AI Power: Expanding Data Center Capacity to 
Meet Growing Demand,” Technology, Media and Telecommunications Practice, McKinsey 
and Company, October 29, 2024.  

Strickland, Eliza, Emily Waltz, and Dina Genkina, “Experts Weigh in on $500B Stargate Project 
for AI: The Trump-Announced Initiative to Build Data Centers Will Have Big Impacts,” 
IEEE Spectrum, January 25, 2025.  

Sud, Rayan, and Sanjay Patnaik, “How Does Permitting for Clean Energy Infrastructure Work?” 
Brookings Institution, September 28, 2022.  

Sud, Rayan, Sanjay Patnaik, and Robert L. Glicksman, “How to Reform Federal Permitting to 
Accelerate Clean Energy Infrastructure: A Nonpartisan Way Forward,” Brookings 
Institution, February 14, 2023.  

Susskind, Lawrence, Jungwoo Chun, Alexander Gant, Chelsea Hodgkins, Jessica Cohen, and 
Sarah Lohmar, “Sources of Opposition to Renewable Energy Projects in the United States,” 
Energy Policy, Vol. 165, June 2022.  

Swinhoe, Dan, “Crusoe Signs $3.4bn Joint Venture with Blue Owl,” Data Centre Dynamics, 
October 15, 2024.  

Toth, Sarah, and Aaron Schwartz, “Breaking Down Barriers for a More Reliable Grid,” Rocky 
Mountain Institute, December 18, 2023.  

https://www.spp.org/


 97 

Tsuchida, T. Bruce, Stephanie Ross, and Adam Bigelow, Unlocking the Queue with Grid-
Enhancing Technologies: Case Study of the Southwest Power Pool—Final Report, Public 
Version, Brattle Group, prepared for Working for Advanced Transmission Technologies 
Coalition, February 1, 2021.  

U.S. Department of Energy, Benefits of Demand Response in Electricity Markets and 
Recommendations for Achieving Them: A Report to the United States Congress Pursuant to 
Section 1252 of the Energy Policy Act of 2005, February 2006. 

U.S. Department of Energy, Dynamic Line Rating, June 2019.  

U.S. Department of Energy, Advanced Transmission Technologies, December 2020.  

U.S. Department of Energy, “Biden–Harris Administration Announces $30 Million to Ease 
Interconnection Backlog, Deliver More Energy Supply on America’s Power Grid,” press 
release, November 25, 2024. 

U.S. Energy Information Administration, “Electric Power Monthly: Table 1.8.A, Utility Scale 
Facility Net Generation from Other Fossil Gas,” data for June 2025, August 26, 2025. 

U.S. Energy Information Administration, “Preliminary Monthly Electric Generator Inventory 
(Based on Form EIA-860M as a Supplement to Form EIA-860),” April 3, 2025.  

U.S. Environmental Protection Agency, “EPA Emission Standards for Nonroad Engines and 
Vehicles,” last updated January 7, 2025. 

U.S. Environmental Protection Agency, “Greenhouse Gas Standards and Guidelines for Fossil 
Fuel–Fired Power Plants,” EPA-HQ-OAR-2023-0072, last updated March 17, 2025.  

U.S. Environmental Protection Agency, “Fact Sheet and Frequently Asked Questions: Use of 
Backup Generators to Maintain the Reliability of the Electric Grid,” May 1, 2025. 

Vincent, Matt, “ECL Debuts 1 GW Off-Grid Hydrogen-Powered ‘AI Factory’ Data Center on 
600 Acres Near Houston,” Data Center Frontier, October 7, 2024. 

Virginia Code, Title 56, Public Service Companies; Chapter 10, Heat, Light, Power, Water and 
Other Utility Companies Generally; Article 2, Services, Rates, Charges, etc.; Section 56-236, 
Public Utilities Required to File Schedules of Rates and Charges, Rules and Regulations, 
When Detariffing of Telephone Services to Be Permitted. 

Virginia Code, Title 56, Public Service Companies; Chapter 10, Heat, Light, Power, Water and 
Other Utility Companies Generally; Article 2, Services, Rates, Charges, etc.; Section 56-237, 
Jurisdiction of Commission When Federal Government Facility Ceases to Be Retail 
Customer of Electric Utility. 

Virginia Code, Title 56, Public Service Companies; Chapter 23, Virginia Electric Utility 
Regulation Act; Section 56-581, Regulation of Rates Subject to Commission’s Jurisdiction. 



 98 

Virginia Code, Title 56, Public Service Companies; Chapter 23, Virginia Electric Utility 
Regulation Act; Section 56-585.1, Generation, Distribution, and Transmission Rates After 
Capped Rates Terminate or Expire. 

W. K. Kellogg Foundation, Logic Model Development Guide, updated January 2004.  

Warrick, Ethan, “AI Boom Comes to Texas, Sparking Natural Gas Demand Surge,” East Daley 
Analytics, February 11, 2025.  

Waseem, I., M. Pipattanasomporn, and S. Rahman, “Reliability Benefits of Distributed 
Generation as a Backup Source,” 2009 IEEE Power and Energy Society General Meeting, 
2009.  

Wayner, Claire, Katie Siegner, Mathias Einberger, Russell Mendell, and Sarah Toth, “Going the 
Distance on Interconnection Queue Reform,” Rocky Mountain Institute, August 2, 2023.  

Weise, Melanie, and Liezl-Marié van der Westhuizen, “Impact of Planned Power Outages (Load 
Shedding) on Consumers in Developing Countries: Evidence from South Africa,” Energy 
Policy, Vol. 187, April 2024.  

Wierman, Adam, Zhenhua Liu, Iris Liu, and Hamed Mohsenian-Rad, “Opportunities and 
Challenges for Data Center Demand Response,” International Green Computing Conference, 
2014.  

Wilson, Adam, and Tony Lenoir, “Interconnection Queues Show Swelling Volume but FERC 
Reforms Slowly Taking Hold,” S&P Global, May 15, 2024.  

Womack, Shelly, “IREN Announces Plans to Expand in Sweetwater with 2GW Data Center 
Hub,” press release, IREN, March 10, 2025. 

Zhang, Yunchao, Md Monirul Islam, Zeyi Sun, Sijia Yang, Cihan Dagli, and Haoyi Xiong, 
“Optimal Sizing and Planning of Onsite Generation System for Manufacturing in Critical 
Peaking Pricing Demand Response Program,” International Journal of Production 
Economics, Vol. 206, December 2018. 

  



 99 

About the Authors 

Ismael Arciniegas Rueda is a senior economist at RAND. His work focuses on energy-
related topics, such as China’s energy challenge, artificial intelligence (AI) in power grids, 
electric utilities’ resilience to disasters, and energy markets. He holds a Ph.D. in economics. 

Aisha Najera is a senior mathematician at RAND. Her research spans AI policy and safety, 
national security, and equity. She holds a Ph.D. in mathematics. 

Austin Smidt is an adjunct quantitative analyst with RAND. His research interests include 
infrastructure, resilience, water management, and technology development. He has a bachelor’s 
in advanced finance and economics. 

Robin Wang is an assistant policy researcher at RAND. His research focuses on applying 
data solutions to climate resilience and equitable development analysis, modeling the climate’s 
impact on government finance and the equity implications of adaptation interventions. He has a 
master of public administration with a concentration in economic and public policy. 

Hye Min Park is an assistant policy researcher at RAND. She specializes in energy and 
climate policy, with a focus on the intersections of climate mitigation and adaptation in the 
energy sector. She has a master’s degree in environmental science and management. 

Henri van Soest is a senior analyst with RAND Europe. He focuses on energy and natural 
resources governance and AI governance. He has a Ph.D. in land economy. He also holds an 
LL.M. 

David Gill is a technical analyst at RAND. He has demonstrated expertise in the electric 
utility industry, including developing retail pricing, modeling consumer activity, and forecasting 
the effects of changes in policy, technology, and customer habits on end-use consumption. He 
has a master of arts in mathematics. 




