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Introduction

Although it hardly strikes many as the most exciting 
topic, system planning is one of the key ingredients 
of a successful transition to clean energy. Planning 
will be essential for managing the necessary 
addition of massive quantities of clean energy 
infrastructure alongside the gradual winding down 
of old infrastructure, all while keeping the lights on, 
heat and air conditioning pumping, cars running, 
and bills affordable.

In the United States, our models of energy system 
planning are both (1) grossly fragmented, failing to take 
a whole-of-systems approach to the challenge; and (2) 
rife with possibilities for self-interest and self-dealing 
by those tasked with planning the system (Klass et al. 
2022). These features create real risks of slowing the 
energy transition and overspending on it.

1	 Indeed, the U.K. retired its last coal-fired power station in 2024 (Ambrose 2024b).

In contrast, the United Kingdom has recently proven 
an innovator in energy system planning. In 2024, the 
U.K. dramatically changed the way it runs and 
plans its energy system by creating a new public 
corporation, the National Energy System Operator 
(NESO). This new entity is charged with jointly planning 
and administering U.K. gas and electricity systems 
to achieve net zero as reliably and cost-effectively 
as possible.

This policy digest highlights the importance of the 
U.K.’s recent institutional innovations and suggests 
how they might offer a blueprint for energy system 
governance reform in the U.S. It first describes how 
the energy transition creates new imperatives for 
unbiased, whole-of-system energy planning. It then 
turns to the forces and politics that motivated U.K. 
energy planning reforms and the details of NESO’s 
institutional design. Finally, it considers how the U.K.’s 
policy experiment could be instructive in the U.S. 
federal and state contexts.

The Role of System Planning 
in the Energy Transition

Jurisdictions leading the way on responding to climate 
change have established aggressive goals to reach net-
zero emissions by 2050. To facilitate whole-economy 
shifts away from carbon, many have recognized that 
electricity systems—as the backbone of national 
economies—must decarbonize even earlier, as soon as 
2030 or 2035 (Labour Party n.d.; The White House 2024).

At present, both the U.S. and U.K. are in what scholars 
have described as the “mid-transition” (Gocke 2025; 
Grubert and Hastings-Simon, 2022)—partway to these 
goals with emissions falling from their peak, but with 
a long way yet to go (see Figures 1 and 2). Coal-fired 
electricity has become increasingly uneconomic, 
replaced instead by cleaner but still carbon-emitting 
gas generation.1 Renewable energy is becoming ever 
cheaper and more prevalent (Schipper and Hodge 
2025). Electric vehicles (EVs) are steadily gaining a 
foothold in the transportation sector (IEA 2024).



3  kleinmanenergy.upenn.edu

Figure 1: U.S. GHG Emissions Over Time

Source: European Commission, n.d.b

Figure 2: U.K. GHG Emissions Over Time

Source: European Commission, n.d.a

To reach ambitious energy transition goals, these 
trends must be accelerated. Transmission and 
clean energy infrastructure must balloon, EVs and 
clean public transit must come to dominate the 
transportation sector, natural gas infrastructure must 
be decommissioned or repurposed, and households 
must be methodically converted to electric heating and 
cooking (Stewart 2021).

There has been an enormous amount of scholarly and 
public attention paid recently to the need to loosen 
government permitting processes to ensure that they 
do not hold back the energy transition (Department 
for Environment 2025; Klein and Thompson 2025). But 
considerably less attention has been paid to the need 
for more government oversight, not less, to synchronize 
both macro- and micro-scale energy investments in 
ways that enable a smooth and fair transition.

The Macro-Scale: Building Coordinated Networks

The electricity system relies on an almost-perfect 
balance between supply and demand at all times to 
function. Managing this calibrated system through the 
energy transition presents challenges, as renewable 
energy generation varies more across time and 
weather conditions than its fossil fuel counterparts 
(Stewart 2021).

2	 Renewable energy also requires different strategies for managing short-term fluctuations in frequency, given its different resource characteristics. Grid codes have long helped to deal with these requirements and will become 
increasingly important to manage unwanted instabilities (National Energy System Operator n.d.; Uniyal 2024).

These challenges are manageable but require system 
planners to develop strategies for running the grid 
more flexibly, so as to incorporate renewables without 
sacrificing reliability. A partial solution will be to ensure 
that sufficient gas remains in the system as a backup 
for as long as it is needed, but no longer, and that it is 
not dispatched more often than absolutely necessary. 
It is unlikely that market signals alone can deliver this 
careful coordination in resource dispatch (Boyd 2024).2

Not only will the grid need to be managed for a 
changing energy supply, it also must be substantially 
expanded to meet rising electricity demand from 
heating and transportation electrification and the rapid 
rise of energy-hungry artificial intelligence data centers. 
Electricity demand is already rising substantially (see 
Figure 3) and is projected to grow by as much as 3.5% 
data centers per year through 2040, nearly doubling 
the demands on the grid (Barth et al. 2025).

If new demand is met with fossil fuel resources that 
cannot be run for their useful life while meeting 
decarbonization targets, this will add to the cost of the 
energy transition. For new demand to be met instead 
by renewable resources will require a targeted buildout 
of transmission infrastructure.
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Figure 3: Historical and Short-Term Projected U.S. Electricity Demand Growth (1990–2026)

Source: Schipper and Hodge 2025

The Micro-Scale: Empowering Households 
and Communities 

Rapidly achieving a clean energy transition will also 
require significantly more reliance on small-scale, 
distributed energy resources and agglomerated 
actions by households across the energy system—all 
of which again will require better systems planning and 
control. Successfully phasing out gas will depend on 
methodically transitioning households away from old 
energy sources at the time of appliance and vehicle 
failures (Willis et al. 2019).

Demand flexibility is one of the most cost-effective 
ways to balance renewable energy’s variability, but 
requires system operators to understand the resource 
potential and its reliability (Chantzis et al. 2023). 
Similarly, strategically placed rooftop solar, acting 
in concert with other resources, including storage, 
can function as a “virtual power plant” that reduces 
the need for as much large-scale generation and 
transmission development (Brown 2023, 7). Deploying 
these promising strategies requires a plan that projects 
forward coherently across systems, space, and scale.

Planning and Justice

Another acute risk of an unplanned transition is that it 
may cost significantly more money, should resources 
be over-built or sited inappropriately at locations 
that the system cannot support. These risks have 
substantial justice implications. For one, environmental 
justice communities often bear the brunt of 
infrastructure development, such that overbuilt 
infrastructure is disproportionately likely to harm these 
communities (Baker 2021).

Moreover, because energy infrastructure is mostly 
funded through energy bills, energy transition costs 
are currently recovered mostly in a regressive fashion 
that requires poorer households to pay a larger 
percentage of their income (Mastropietro 2019). And 
without careful planning and cost recovery reforms, as 
households transition away from the gas system, those 
left on that system who cannot afford to switch may 
end up shouldering ever-higher costs. To the extent 
that good energy system planning helps mitigate costs 
and eliminate unwise investments, it can also be a 
vehicle for advancing energy justice.
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Toward Whole-System Energy 
Planning in the U.K.

Among countries working to transition their energy 
system, one country stands out for recognizing the 
importance of energy system planning and taking 
policy steps to improve it: the U.K. Understanding 
the U.K.’s reforms is particularly useful in the U.S. 
context because their systems run similarly, since 
both countries pursued significant restructuring of 
the industry towards competition and markets in the 
1990s (Grubb and Newbery 2018; Lockwood et al. 
2022; Spence 2008). Both systems now rely largely on 
electricity and gas markets to set prices and determine 
their resource mix.

Unlike the U.S., the U.K. has a legally binding climate 
change target to reach 100% decarbonization by 2050 
(U.K. Parliament 2019). To date, U.K. policy has been 
extremely effective in achieving progress toward this 
goal: the country has reduced its emissions to below 
half of 1990 levels (see Figure 1, supra), largely through 
policies that mandate certain levels of renewables 
purchasing and help stabilize renewable energy 
investments (NESO n.d.).

However, as the U.K. has moved further into the mid-
transition phase, there have been mounting concerns 
that its market-forward frameworks for energy 
provisioning will not adequately drive a successful 
energy transition, leading to a search for new 
institutional forms that culminated in the creation of 
NESO (Chivukula 2025).

The Road to NESO

As of the early 2010s, the private company National 
Grid owned most of the U.K. transmission grid and 
gas pipeline system. National Grid also acted as the 
“system operator” for the entire transmission grid, 
in charge of ensuring a balance between electricity 
supply and demand (Baddeley 2014). In this role, its 
decisions had “significant impacts on consumers” 
and the ability to “influence government policy” 
via its future system forecasts (Baddeley 2014). 
A separate arm of National Grid performed similar 
roles for the gas system.

Around 2014, as the U.K. progressed in achieving its 
decarbonization targets, concerns mounted that the 
country lacked adequate institutions for proactively 
managing the changing energy system. Calls grew 
for someone to take control as an “overall system 
architect” that could craft long-term plans for achieving 
decarbonization effectively, affordably, and fairly 
(Taylor 2014; Taylor and Walker n.d.).

Responding to these concerns, in 2015, the U.K.’s main 
energy regulator, the Office of Gas and Electricity 
Markets (Ofgem 2022), recommended a more robust 
role for the system operator, which would involve 
identifying long-term system needs and options to 
meet these needs. However, recognizing that a private 
company’s role as a system planner could create 
possible bias and conflicts of interest, Ofgem also 
recommended separation between National Grid’s 
business activities and its planning activities (Baddeley 
2014). These suggestions led to 2019 reforms that 
required National Grid to separate its electricity system 
operator function, financially and operationally, from its 
commercial arm (Taylor and Walker n.d.).

For many, these reforms proved too tepid, given that 
the system operator still resided within National Grid. 
Policy groups emphasized the importance of ensuring 
that the entity charged with system planning “be 
immune from commercial and political pressures given 
that these investment decisions will create winners 
and losers” (Taylor and Walker n.d.).

With National Grid still in control of the system 
operator, there was a perception that it might give 
regulatory advice that advanced its affiliated interests 
as a transmission owner. Moreover, such biased 
recommendations might be difficult to police because 
of severe information asymmetries, given the system 
operator’s unique access to system data and expertise 
(Stewart 2021).

Ofgem therefore concluded that two additional shifts 
were needed in U.K. energy system planning: (1) the 
system operator needed to integrate the planning 
of electricity, gas, and emerging technologies; and 
(2) the system operator had to be “free from actual 
or perceived conflicts of interest” within the energy 
industry, as well as “free from day-to-day operational 
control from government” (Ofgem 2022).
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To achieve these aims, the government recommended 
establishing a new, independent public corporation to 
serve “as a trusted and independent voice within the 
energy sector” (Ofgem 2022). Notably, although the 
U.K. considered establishing an energy planning body 
separate from the system operator, it rejected this 
option because of “the importance of real-time system 
balancing experience for effective system planning” 
(Stewart 2021, 40).

The Energy Act of 2023 instantiated these 
recommendations into law. The Act created what 
is now called the National Energy System Operator 
(NESO), responsible for coordinating electricity 
transmission and “carrying out strategic planning and 
forecasting” of both the electric transmission and gas 
pipeline systems (Energy Act 2023 § 161).

As compared to its predecessor, NESO has four key 
features that stand out:

1.	 It is publicly owned and independent, free from 
perceptions that it might be serving commercial rather 
than public interests.

2.	 It can take a “whole system perspective,” planning 
both the electricity and gas systems simultaneously 
(Energy Act 2023, § 161)

3.	 In addition to being charged with promoting security 
of supply and efficiency, it has an explicit net-zero 
mandate (Department for Energy Security and Net 
Zero 2023).

4.	 It functions as an independent government corporation 
with a key advisory role within government, retaining 
its own voice while providing advice to other energy 
regulators about how energy system planning 
should inform their regulatory and policy decisions 
(Department for Energy Security and Net Zero 2023). 

Politically, the U.K. government’s decision to make 
energy system planning and operations public and 
independent received broad support, including from 
the energy industry and from consumer groups 
(Ofgem 2022). The initiative also proved popular across 
political parties, championed by the Conservative Party 
then in power but fully supported by others, including 
the Labour Party, which came to power in 2024 and has 
worked to advance NESO’s implementation.

This broad-based support likely stemmed in large 
part from extreme gas shortages and price spikes 
experienced in the U.K. in the early 2020s after Russia 
invaded Ukraine (U.K. Parliament 2025, at 181-82, 
remarks of MP Bowie). These volatilities—and their 
painful impacts on U.K. families’ wellbeing—drove home 
the importance of high-quality, long-term planning.

NESO in Early Action

To set up NESO, the U.K. government purchased the 
necessary assets for running the organization from 
National Grid for £630 million in September 2024 and 
hired the previous National Grid system operator staff, 
including the CEO (Ambrose 2024a; Chivukula 2025).

One of NESO’s first actions was to produce a report 
commissioned by the incoming Labour Energy 
Secretary. This report, Clean Power 2030, advised the 
government on how the U.K. could meet the Labour 
government’s accelerated goal of 95% clean electricity 
by 2030. Although it found the goal technologically 
feasible, it concluded that achieving it would require 
“a once-in-a-generation shift in approach and in the 
pace of delivery,” including significantly speeding the 
pace of transmission infrastructure development and 
reforming connection rules and electricity market 
design (Chivukula 2025, 3).

To enable these reforms, the U.K., Scottish, and Welsh 
governments commissioned NESO in 2024 to develop 
the first-ever Strategic Spatial Energy Plan for the UK 
system. This plan, currently underway, is intended to 
“be a comprehensive blueprint for the energy system, 
land and sea, across Great Britain” (Martin et al. 2024).

The first plan will focus specifically on electricity 
generation, storage, and hydrogen, and is intended 
to assess “optimal locations, quantities, and types of 
energy infrastructure required” to meet the U.K.’s clean 
energy goals (Martin et al. 2024). This assessment will, 
in turn, feed into more localized energy plans, decisions 
about energy market reforms, and transmission 
infrastructure planning. 



7  kleinmanenergy.upenn.edu

In speaking with energy sector experts in the U.K. 
about NESO, a few concerns emerged around 
administration.3 One interviewee observed that it is 
not yet clear how NESO’s energy plans will factor into 
government decisions around energy reforms. Another 
worried that the bureaucratic space around energy 
decision-making is becoming increasingly crowded in 
ways that could impede success.

A third interviewee emphasized that although NESO 
has been made an independent public corporation, 
it will need to cultivate a transparent and dialogue-
based relationship with the energy industry to 
maximize its effectiveness. Nevertheless, interviewees 
were overwhelmingly positive in their assessments 
that NESO was a step in the right direction that, if 
implemented well, would help accelerate the U.K.’s 
transition to clean energy.

Planning for Planning: 
Distilling the Lessons

It is well-documented that the U.S. suffers 
from fragmented energy system planning, with 
responsibilities split across state and federal 
governments and across institutional actors (Klass 
et al. 2022). Moreover, the primary actors charged 
with planning the U.S. electricity grid are “regional 
transmission organizations.” These organizations 
have substantial perceptions of bias when it comes 
to system planning, given that they must appease a 
voting membership of energy industry insiders (Peskoe 
2021; Walters and Kleit 2022; Welton 2021). On the gas 
side, federal regulators engage in project-by-project 
approval with no overall system planning and rarely 
deny gas pipeline applications (Gocke 2023).

Thus, the precise concerns that motivated U.K. 
planning reforms—fragmentation and concerns over 
potential bias—are prevalent in the U.S. system. 
Could a similar set of reforms be the answer to our 
planning challenges?

3	 This paragraph draws from eight confidential interviews conducted by the author in spring and summer 2025 with U.K. energy sector experts that held roles across industry, policy advocacy, government, and academia.

Politically and legally, implementing the NESO model in 
the U.S. would present some additional complexities 
due to our decentralized structure for energy system 
planning. U.S. law reserves control over energy 
generation and supply decisions to the states, while 
giving the federal government control over interstate 
electricity transmission and gas pipelines.

While this framework would make a full-scale NESO 
model practically and politically challenging, it also 
creates space for creativity and experimentation with 
similar structures. The current federal administration 
is unlikely to pursue energy system planning reform, 
focused as it is on downsizing government and 
eliminating climate initiatives. But a future, forward-
looking administration should seriously consider the 
creation of a new, independent federal energy system 
planning authority or regional planning authorities 
modeled on NESO.

Such authorities should be given joint power over the 
planning of electricity transmission and gas pipeline 
systems and a decarbonization mandate that allows 
them to prioritize clean energy solutions (Macey and 
van Emmerick 2025; Welton 2024). In this respect, 
NESO’s four core features offer a blueprint for 
designing an effective whole-of-system planning effort.

Moreover, U.S. states pursuing the energy transition 
within a federal policy vacuum could also draw valuable 
lessons from the U.K.’s planning innovations. Leading 
states are struggling with many of the same questions 
facing U.K. energy system planners, including how 
to implement a coordinated gas system wind-down 
and rationalize clean energy siting (Rackerby 2024; 
Shemkus 2024). NESO offers a promising model for 
state-level experiments in spatial and combined 
resource planning that could help these states 
prove themselves valuable pioneers in completing 
the energy transition.
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