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Introduction 

The mid-2020s mark a pivotal moment when artificial intelligence and the nation’s 
power grid are co-evolving. No longer niche computational tasks, AI applications 
now drive monumental changes in electricity supply, demand patterns, and system 
planning. A recent CSIS analysis bluntly observes that “a new era of electricity-
intensive economic growth has arrived” thanks to AI. Major government and 
industry reports confirm that data centers – the workhorses of AI – are consuming 
ever-larger shares of U.S. power. This surge is forcing policymakers, utilities, and 
grid operators to rethink everything from resource planning to reliability 
management. In this landscape, five emerging trends stand out at the AI–energy 
intersection: AI loads as the new baseload, generative AI partnering in grid 
operations, an infrastructure build-out that outpaces alignment concerns, AI-
enhanced microgrids as strategic resilience assets, and advanced digital twins that 
simulate human-driven demand. This article examines each trend, drawing on U.S. 
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government and industry sources, to explore how AI is reshaping the electric 
system in 2025 [1]. 

1. AI Becomes the New “Baseload” 

AI’s insatiable appetite for electricity is turning data centers into quasi-
baseload loads on the grid. The U.S. Department of Energy (DOE) and other analysts 
report that data centers now consume on the order of 4–5% of national electricity, 
with projections jumping into double digits over the next few yearsenergy.gov. A 
DOE study finds data centers used 4.4% of U.S. electricity in 2023, and by 2028 that 
share could reach 6.7–12% of total demand. In absolute terms, data center power 
use has already soared from 58 TWh in 2014 to 176 TWh in 2023, and is forecast to 
climb to 325–580 TWh by 2028. (For context, 580 TWh is comparable to the total 
annual output of a large fleet of nuclear plants.) BloombergNEF similarly projects 
U.S. data-center capacity jumping from about 35 GW in 2024 to 78 GW by 2035 – 
nearly tripling the average hourly load from 16 GWh to 49 GWh. This implies that by 
the mid-2030s, data centers could account for roughly 8–9% of U.S. electricity use, 
on par with transportation or heating loads. Other forecasters concur: the 
International Energy Agency (IEA) warns that “data centers [will] account for nearly 
half” of electricity demand growth in advanced economies through 
2030about.bnef.com [2] [3]. 

These figures imply a dramatic shift in how we think about “baseload.” Traditionally, 
baseload referred to constant generation from coal, nuclear or geothermal. Today, 
the emerging baseload demand includes data processing farms that run 24/7. 
Analysts at Gartner predict that by 2027 as many as 40% of existing data centers will 
face power constraints, and that surging AI loads could lead to rationing or even 
blackouts if supply can’t keep upnetworkworld.com. EnergySecretary Chris Wright 
has called AI “the Manhattan Project of our time,” emphasizing that America must 
secure vast new power to stay competitivefedscoop.com. In practice this means 
co-locating data centers with generation: the DOE is studying 16 federal sites where 
data centers, solar, wind or even nuclear plants could be built together to meet AI 
demand [2] [4] [5] [6]. 

The upshot is that AI loads are being treated as de facto baseload: always-on, high-
capacity demands that grid planners must reliably serve. Power firms are 
contemplating new generation contracts and supply-side “speed-to-power” criteria 
focused on data centerscsis.org. In some cases this has revived interest in 
dispatchable generation that can run continuously. For example, recent reports 
note a growing push to site small modular reactors (SMRs) to power AI facilities, 



3 
 

since nuclear reactors can provide 24/7 capacity to support gigantic computing 
loadsnetworkworld.com. One analyst quips that AI’s growth is “turning data centers 
into giant energy users” and that they will soon outpace sectors like electric 
vehicles or hydrogen in driving power demand. In short, AI workloads are 
effectively “eating up baseload” on the grid, and utilities are scrambling to add 
generation – whether renewable or nuclear – to sustain themnetworkworld.com [1] 
[2] [3] [4]. 

At the same time, AI loads could become a flexible resource. DOE and others note 
that data centers themselves could provide grid services if equipped with onsite 
storage or generation. For instance, one DOE strategy is to make data 
centers controllable loads: by installing backup generators, batteries, or demand-
response capability, an AI “baseload” could become a flexible dispatchable asset 
rather than a fixed burden. In principle, this would let data centers absorb excess 
renewable energy or curtail when the grid is tight, blurring the old line between load 
and supply. But even optimistic projections suggest that the sheer scale of AI 
demand will keep it near-constant overall. Thus in 2025 the power system is treating 
AI-driven computation as the new baseload demand center, rewriting traditional 
planning rules to keep the lights on for every server farm [2]. 

2. Generative AI Co-Authors Grid Operations 

A second trend is that Generative AI is entering the control room. New tools based 
on large language models and advanced machine learning are being tested to 
augment human operators, analysts and planners. Leading research institutions 
and grid companies are actively exploring how GenAI can “co-author” grid 
operations – essentially acting as an AI teammate to help monitor, analyze, and 
even write reports on power systems. For example, the National Renewable Energy 
Laboratory (NREL) is developing eGridGPT, a prototype LLM-based assistant for 
control-room decision supportnrel.gov. In NREL’s vision, an operator could ask 
eGridGPT to translate a vast storm forecast or equipment outage scenario into 
concrete next steps. It combines trained AI with detailed digital-twin simulations of 
the grid: the AI suggests possible actions and the twin checks them against physics 
before an operator makes a movenrel.gov. The system is explicitly “designed to 
support operators”, not replace them. In trials, eGridGPT can map between 
equipment models, propose re-dispatch options, and generate readable 
summaries – effectively co-authoring the response to grid events [7]. 

Beyond research, industry partnerships are forming. In April 2025 Google’s cloud 
division announced an AI collaboration with PJM Interconnection (the large Mid-
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Atlantic grid operator) to speed up complex planning and interconnection tasks. 
Alphabet’s engineers are applying AI tools to PJM’s backlog of 2,600 GW of 
proposed generation projects, helping to triage and analyze applications. This use 
of AI – to sift through permitting documents, forecast grid impacts, and even draft 
regulatory filings – means humans and AI are co-writing the future grid. As the 
Google blog put it, the effort will develop “AI-driven data capabilities for smarter, 
more reliable system management.” Similarly, utilities have begun experimenting 
with conversational AI for routine tasks. Utility leaders envision GenAI chatbots that 
can summarize grid-monitoring data, suggest maintenance schedules, or explain 
training manuals in plain English. An SAP industry whitepaper notes that utilities see 
GenAI as a way to “better manage power lines, predict and prevent outages, and 
train field workers”. In other words, the AI assistant becomes a virtual engineer or 
planner co-working with staff [8]. 

These developments require vast amounts of data. The Electric Power Research 
Institute (EPRI) now leads an Open Power AI Consortium to share grid data safely 
with AI developers. As one expert quipped, “Data is AI’s oil, gas, wind and solar all 
wrapped into one.” and the grid has plenty of it – if utilities can grant access. 
Southern California Edison emphasizes that “the grid is one of the most complex 
machines on the planet” and so it is “primed for digitalization”. Utilities see that 
while AI itself doesn’t “just run” on its own, by training on system data it can amplify 
human expertise across operations. In short, 2025 is witnessing AI tools begin to co-
author grid operations – analyzing data, writing up plans, and even suggesting 
actions alongside human engineers. While concerns about reliability, bias and 
security remain, many in the industry now say the real bottleneck is not algorithmic 
ability but simply getting permission to use the data needed to train these models 
[9]. 

3. Infrastructure Eats Alignment for Lunch 

A third, more sobering trend is that the rush to build new power and AI infrastructure 
often outpaces efforts to align it with climate, equity, or safety goals. Put 
provocatively: the infrastructure build-out is “eating alignment for lunch.” Federal 
and state leaders are racing to approve power plants, transmission lines, and data 
centers to meet AI demand, sometimes at the expense of broader alignments. 
Department of Energy Secretary Chris Wright, for example, has been explicit: he 
compares AI to the wartime Manhattan Project and insists the government 
must “get out of the way” to let private capital pour infedscoop.com. In his April 
2025 testimony, Wright focused on energy supply – calling for research in nuclear 
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and other sources – while notably never mentioning climate constraints. This 
engineering-first mindset risks sidelining questions about whether new 
infrastructure truly aligns with long-term decarbonization or equity plans [2] [5]. 

That friction is evident locally. Utility Dive reports a mounting backlash in many 
states where communities are suddenly asked to approve vast data centers and 
power lines. One account notes that while governments once offered tax incentives 
for growth, scrutiny has grown: some legislators now question whether data centers 
“provide a fair return” given their huge land and power needs and relatively few 
local jobs. Community groups argue that rural areas bear the brunt of AI 
development through new substations, transmission rights-of-way, and even new 
fossil plants – raising questions of environmental justice. States like Utah and 
Indiana have started hearings to wrestle with these issues. For example, Utah 
regulators are exploring laws to give incumbent utilities first refusal on projects, 
which could lock in certain outcomes but also provoke challenges around 
competition and grid resilience [10]. 

Even at the federal level, experts warn that “speed-to-power” objectives (how fast a 
data center can get electricity) may sideline longer-term grid planning. In a report on 
U.S. energy policy, CSIS analysts argue that an “electricity-intensive” AI boom 
cannot let short-term fixes override systemic needscsis.org. Yet recent FERC 
actions illustrate how strained this balance is. In February 2025 FERC opened a 
formal proceeding on data center co-location – the new practice of building AI data 
centers right next to generation sites – within PJM territoryferc.gov. The commission 
explicitly noted the “huge ramifications for grid reliability and consumer costs” of 
these co-located mega-projects. FERC’s inquiry is meant to ensure that new rules 
preserve reliability and fairness as this infrastructure glut unfolds [1] [11]. 

In summary, Trend 3 underscores that the urgency of building new infrastructure 
can overshadow alignment considerations. While agencies and businesses 
scramble to site more generation (including controversial fossil or nuclear projects) 
and more data-center capacity, the threading of these projects into climate goals or 
market fairness often lags. Long-term “alignment” with decarbonization, resilient 
planning, and community interests must be explicitly addressed – or else the 
construction boom will simply steamroll those concerns. In 2025 the onus is on 
policymakers and planners to catch up, defining the “rules of the road” so that AI 
infrastructure truly coexists with the grid’s other missions. 

4. AI-Powered Microgrids as Strategic Assets 
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As the system gets stressed at the edges, AI-enhanced microgrids are emerging as 
strategic tools for resilience. Microgrids – localized power networks that can island 
from the main grid – are not new. But in 2025, they are being revived and reimagined 
in conjunction with AI to serve critical needs from military bases to data centers. 
Government and industry discussions increasingly label microgrids as “strategic 
assets” in the face of threats like cyberattacks, extreme weather, or supply-chain 
disruptions. The Department of Energy and Defense have long funded microgrid 
pilots at bases; now AI is being layered on top to improve their operation. 

Industry reporting highlights how AI makes microgrids smarter and more adaptive. 
Utilities note that rising electrification – of transport, homes, and AI data loads – 
strains the traditional grid, and microgrids help absorb this strain by locally 
generating and storing power. However, most early microgrids have been custom-
built and hard to scale. AI integration promises to change that. Recent articles 
describe AI-driven Energy Management Systems (EMS) that plug into microgrids, 
enabling real-time optimization. For example, AI algorithms can incorporate 
weather forecasts, wholesale price signals, and load forecasts to schedule solar, 
batteries, and even backup diesel in a microgridutilitydive.com. One case is 
Fujitsu’s work on a “predictive-control” microgrid: AI controllers at a campus site in 
California actively anticipate load swings and adjust storage dispatch, vastly 
improving reliability. In plain terms, AI gives a microgrid “eyes and reflexes”: it can 
foresee a surge, dispatch stored energy preemptively, or throttle noncritical loads, 
all autonomously [12]. 

These AI capabilities make microgrids far more attractive as resilience gear. Policy 
and business discourse in 2025 reflect that. For instance, large technology firms 
wanting to avoid outages are explicitly designing AI-powered microgrids for their 
campuses. One analyst note observes that sites like data centers and 
semiconductor fabs view microgrids as insurance: if the main grid fails, the 
intelligent local grid keeps operations running. Likewise, critical facilities (hospitals, 
emergency response centers, military bases) are being equipped with AI-
augmented microgrids under U.S. resilience programs. DOE’s Grid Modernization 
Office has repeatedly funded projects where AI optimizes microgrid operations at 
Department of Defense installations. Meanwhile, utilities see microgrids as 
demand-response resources that can be dispatched under central coordination – 
effectively a two-way partnership where the microgrid “sells” resiliency back to the 
grid [13]. 
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A Utility Dive analysis captures this trend: “AI-powered microgrids are overhauling 
energy systems – optimizing distribution, enhancing resilience and reducing 
reliance on traditional grids.” It notes that AI-tuned microgrids can run 
autonomously during outages while still tying into central operations when the main 
grid is available, solving the old problem of complex manual controls. In short, 
microgrids are migrating from pilot projects to strategic grid assets. In national-
security terms they diversify risk (if New York loses power, automated microgrids in 
communities or bases can continue) and in commerce they guarantee uptime for 
AI-driven industries. By 2025, investing in AI-controlled microgrids is widely seen as 
a vital part of U.S. infrastructure strategy – enough so that some states are even 
offering incentives for smart microgrid development [12]. 

5. Digital Twins Simulate Human Behavior 

Finally, AI is bringing the concept of the digital twin to a new level – one that 
includes human actors. Traditionally, a digital twin is a physics-based virtual model 
of a physical asset or system, fed by real-time data. For example, utilities have long 
used digital twins of substations, wind turbines or transmission lines to predict 
failures. In 2025 this notion is expanding: grid planners are beginning to 
create massive virtual replicas of the electric system that also include simulated 
consumer and operator behavior. 

Consider the research discussions: Leading scholars of climate and energy now 
stress that humans themselves should be part of digital twins. A Nature 
commentary argues that future Earth and energy twins must model human values 
and responses, because “human behavior is both a factor influencing and 
influenced by climate change”. In the grid context, this means building models that 
capture how consumers will react to, say, a price spike or an emergency alert [14]. 

In practice, we’re starting to see the technology to do this. Utility consultants report 
that cloud computing now allows “digital twins of everyone and everything”. For 
instance, ICF worked with a utility to run 2.3 million individual building and 
customer models – literally one digital twin for every customer – in parallel to 
forecast adoption of solar, EVs and efficiency programs over decades. Using AI, the 
utility could ask questions of these billions of data points: Which neighborhoods 
would install solar if rebates change? Where will demand surge first if hot weather 
triggers widespread A/C use? In one case study, AI-driven twins identified the “top 
10 locations” in a utility territory with the highest future load and determined how 
much distributed energy resources could mitigate each hotspot. This is effectively 
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simulating the population’s behavior: as energy economist Greg Donworth quips, 
we now have the power to create “digital twins of everyone and everything” [15]. 

In the control-room domain, NREL’s eGridGPT integrates a physics-based twin of 
the grid with AI: when the model proposes a corrective action, the digital twin 
checks it before implementation. Meanwhile, utilities use digital twins to train 
operators via VR: one project at Virginia Tech lets trainees walk through a virtual 
substation and experience scenarios in realtime (the digital twin of the plant 
behaving just as the real grid would). On the consumer side, researchers have 
begun designing “behavioral digital twins” that replicate how households respond 
to demand-response signals. For example, an emerging effort models residential 
energy use, water heating, and even psychological drivers, so that policy makers 
can simulate not only the physics of load shifting but how people will actually do it 
[7]. 

The net result is that by 2025 grid planners can run incredibly rich simulations of the 
future: not only “if this storm hits and this power plant trips”, but “if this price 
incentive is sent to customers and these machine-learning thermostats respond”. 
These AI-powered digital twins enable what-if analysis on a societal scale. If a new 
tax credit for solar is enacted, the twin can simulate how millions of consumers 
might adopt rooftop panels over time, and how that feeding back will relieve grid 
stress. They can test operator schedules: if a dispatcher tries one approach, how 
would her coworkers and customers react? This marks a significant leap from 
earlier models: now the twin is not just a mirror of hardware, but a dynamic model 
of humans interacting with it. 

Conclusion 

The U.S. grid in 2025 is operating under a new paradigm. AI has shifted from a 
theoretical frontier to a concrete driver of electricity planning. Data centers are 
staking out a permanent “baseload” of demand, forcing an unprecedented build-
out of generation and transmissionenergy.gov. At the same time, AI tools 
themselves are embedding into the grid’s operations, with utilities effectively co-
authoring their own operations with machine learning modelsnrel.gov. Strategic 
vision is catching up: microgrids and digital twins, once niche technologies, are now 
central tools as both resilience assets and simulation platforms. This convergence 
of AI and energy is unfolding under high stakes – “the grid is not just engineering; it is 
politics, economics and climate all at once” – so the trends outlined above will 
require careful stewardship [2] [3] [7] [9] [10]. 
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Technical revolutions in the grid have deep historical roots. The AI-driven changes 
today echo past inflection points (like the first nuclear era or the green power turn), 
but with a twist: now the “load” itself is intelligent and dynamic. The coming years 
will test whether America can align policy, infrastructure, and innovation fast 
enough to harness AI’s promise without short-circuiting reliability or the energy 
transition. Those concerns invite action: solutions like technology-neutral grid 
planning, flexible tariffs for smart loads, and rigorous AI oversight are on the table. 
The time to write those new rules is now – before the CPU farms and substations 
actually outpower our foresight.  
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