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The UK electricity grid stands at a critical juncture. While renewable 
generation has expanded rapidly, the grid’s ability to transmit and 
balance power has not kept pace. This report applies a systems 
approach to the grid, revealing the feedback loops, tipping points and 
emergent behaviours that shape its performance and resilience.

Historically, the grid has evolved from fragmented local networks to 
a centralised national system, adapting to technological and policy 
shifts. The introduction of the supergrid1 , the expansion of nuclear 
power and the liberalisation of the market have each transformed the 
grid’s structure and operation. In recent decades, the rapid growth of 
renewables has exposed new constraints, particularly in transmission 
capacity and system flexibility.

Current challenges include rising curtailment costs, congestion and 
negative wholesale pricing. The grid is increasingly unable to move 
power from where it is generated to where it is needed, resulting in 
inefficiencies and lost opportunities for decarbonisation. Planning and 
permitting delays, technical challenges such as reduced system inertia2   
as well as a geographical mismatch between renewable resources and 
demand centres further exacerbate these issues.

A systems perspective reveals that the grid is exhibiting the 
characteristics of a complex system approaching a tipping point. 
Increased variability, slower recovery from shocks and reinforcing 
feedback loops are evident. However, the same systems lens also 
identifies opportunities for positive change. Strategic interventions in 
smart grid intelligence, market reform and flexible demand and storage 
can unlock virtuous cycles, enabling the grid to transition to a more 
resilient and decarbonised state.

The path forward requires coordinated action across technology, policy 
and market design, informed by a deep understanding of the grid 
as a complex, adaptive system. By embracing a systems approach, 
stakeholders can better anticipate challenges, target interventions and 
accelerate the transition to a sustainable energy future.

This report is the first in a planned series of papers. Each forthcoming 
paper will provide a comprehensive analysis of the strategic pathways 
outlined here, offering deeper insight into the solutions and feedback 
loops that will shape the future of the UK electricity grid. While the 
focus of this series is on the UK grid, the insights and conclusions have 
relevance to the development and evolution of energy systems globally.

1
Executive Summary

1 In the 1950s, the Supergrid was defined as a new, higher-voltage transmission network superimposed 
over the existing National Grid in the United Kingdom to manage rapid post-war increases in electricity 
demand.
2 A decrease in the stored rotational energy from large synchronous generators (coal/gas) that traditionally 
resist rapid changes in grid frequency.
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This paper is part of our series on Climate tipping points and investor 
implications. It explores the concept of positive tipping points with the electricity 
grid as a case study, considering the factors that may cause this system to ‘tip’ 
to a new steady state that is more aligned with a low carbon future.
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The electricity grid is the backbone of the UK’s energy system. It is 
responsible for transmitting power from generators to consumers, 
balancing supply and demand in real time and enabling the integration 
of new technologies and energy sources. In recent years, the grid 
has come under increasing scrutiny as the nation pursues ambitious 
decarbonisation targets and seeks to accommodate a rapidly growing 
share of renewable generation.

Traditionally, the grid has been analysed in terms of its individual 
components: generation, transmission, distribution and consumption. 
However, this approach can obscure the complex interactions and 
feedback mechanisms that determine the grid’s overall performance 
and resilience. A systems perspective, by contrast, treats the grid as 
a dynamic, interconnected whole. This lens reveals how technical, 
economic and policy factors interact to produce emergent behaviours, 
such as congestion, curtailment and price volatility.

The historical evolution of the grid demonstrates its capacity for 
transformation. From a patchwork of local networks in the early 
twentieth century, the system has evolved through phases of 
centralisation, the construction of the supergrid, the expansion of 
nuclear and gas-fired generation and the recent surge in renewables. 
Each transition has required significant institutional, technological and 
economic change, often delivered within a single generation.

Today, the grid faces new challenges. Investment in renewable 
generation has outpaced upgrades to transmission and balancing 
infrastructure. This has led to rising curtailment costs, project delays and 
increased system volatility. Planning and permitting processes, technical 
constraints such as reduced system inertia and a geographical 
mismatch between renewable resources and centres of demand further 
complicate the picture.

By adopting a systems approach, analysts and policymakers can better 
understand the grid’s current constraints and identify the interventions 
most likely to unlock a resilient, decarbonised future. This report applies 
that perspective, examining the grid’s evolution, present challenges 
and the analytical advantages of viewing it as a complex system. The 
aim is to provide a foundation for strategic decision-making as the UK 
navigates the next phase of the energy transition.

2
Introduction: a 
systems perspective
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cost, safety and the environment. The 1980s and 1990s saw market 
liberalisation and the privatisation of the National Grid, resulting in a 
fundamental restructuring of incentives. Investment decisions were now 
driven by market mechanisms and competition, rather than top-down 
planning.

Liberalisation coincided with the dash for gas and a rapid rollout of 
electricity generation from combined-cycle gas turbines (CCGT). 
CCGT power plants were quick to build, had lower capital costs 
and benefitted from cheap North Sea gas. Gas’s share of electricity 
generation rose from 5 per cent in 1990 to 38 per cent by the early 2000s, 
while coal declined sharply. The early 2000s then saw the first wave of 
renewables added to the system. Within a decade, the grid adapted 
from coal dominance to a more flexible and modular generation system, 
again demonstrating its responsiveness to economic and policy change.

Over the past century, Britain’s electricity system has shifted from 
fragmented municipal networks to a centralised supergrid, through 
nuclear and gas transitions, market liberalisation and into the 
era of renewables. Each step has required significant institutional, 
technological and economic change, often delivered within a single 
generation.

We would argue that current concerns that the grid cannot adapt 
to renewables are misplaced considering these precedents. Nor are 
planning constraints new. History demonstrates that the grid has never 
been static. It is an evolving system, repeatedly restructured to meet 
new challenges. The renewable transition is the next chapter in this 
ongoing story.

“The 
creation 
of the 
supergrid 
in the 1950s 
showed 
how quickly 
the UK 
could 
overhaul 
its entire 
electricity 
system.”  

Current sentiment regarding the transition to a clean electricity grid is 
marked by caution about the pace of change. However, the grid has 
experienced many significant transformations within living memory, from 
the creation of the supergrid to the dash for gas.

Prior to the Second World War, the UK’s grid was highly fragmented and 
localised. Different municipalities operated with varying voltages and 
frequencies, which acted as a significant deterrent to electrification, as 
electrical equipment designed for one system could not function with 
another. Some local suppliers became uneconomical by maintaining 
multiple transmission networks. The First World War highlighted these 
issues, leading to reform through the establishment of the Central 
Electricity Board. This marked the first move towards centralisation, with 
the Board tasked with creating a common grid and agreed standards 
for voltages and frequencies. 

The National Power Network, later renamed the National Grid, was 
established in 1933. Initially a series of interconnected local grids, by 
1938 it had become a national system. This proved invaluable during the 
Second World War, as the system was able to respond to bombing and 
maintain national operations. Nevertheless, local distribution remained 
highly fragmented, managed by a total of 562 entities, both private and 
municipal.

By the 1950s, the grid was reaching its limits. Its development around 
distinct local grids rendered it unsuitable for an increasingly urbanised 
country. The UK reformed the grid system through the Electricity Acts of 
1947 and 1957, which led to the creation of the supergrid.

The construction of the supergrid faced obstacles due to the 1947 Town 
and Country Planning Act, which required local authority approval 
or a government inquiry  for the proposed transmission routes and 
infrastructure sites, introducing significant planning challenges. The 
system entrenched one-way power flows, with large coal-fired 
generation plants producing electricity that was transmitted nationally 
and distributed locally. Within a single generation, Britain moved from 
hundreds of incompatible local networks to a unified national system, 
demonstrating the ability to transform dramatically when technological 
and policy needs arose, despite planning obstacles.

In 1956, Calder Hall became the world’s first commercial-scale nuclear 
power reactor. By 1997, nuclear accounted for 27 per cent of Britain’s 
electricity. After the commissioning of the Sizewell B nuclear power 
station in 1995, nuclear development stalled due to concerns over 

3
Historical evolution 
of the UK grid
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The transition to a clean electricity grid in the UK is facing a series 
of interrelated constraints that limit the pace and effectiveness of 
decarbonisation. While the expansion of renewable generation has 
been substantial, the grid’s ability to transmit, balance and store this 
energy has not kept pace. The following sections outline the principal 
challenges currently facing the system.

Curtailment
Curtailment refers to the reduction of renewable energy output, either 
because the grid cannot absorb the electricity generated or because 
system balancing requires adjustments to supply. 

This is particularly acute for wind generation in Scotland, where supply 
is typically located far from the main centres of demand in England. 
When transmission capacity is insufficient, wind farms are paid to reduce 
output, while gas-fired generation is increased to maintain system 
stability. This process incurs both financial and carbon costs. For example, 
in 2020 and 2021, the carbon cost of wind curtailment was estimated to 
be equivalent to the annual   emissions of nearly 500,000 cars. Recent 
data suggests that wind curtailment in the UK stands at approximately 
13 per cent of total potential wind output.

A critical concept in this context is the marginal curtailment rate. This 
is the proportion of the next unit of renewable energy generating 
capacity added to the system that is likely to be curtailed. At high levels 
of renewable penetration, the marginal curtailment rate can be several 
times higher than the average, directly affecting the financial viability of 
new projects. Investors and developers must therefore consider not only 
the total curtailment but also the risk that additional capacity will face 
disproportionately high curtailment.

Potential solutions to curtailment include the deployment of long-
duration battery storage, which can absorb excess generation for use at 
times of low renewable output and the production of green hydrogen. 
Additionally, research from Cambridge University suggests that 
increasing the threshold at which curtailment begins can significantly 
reduce the number of curtailed hours and lower the marginal cost of 
renewables.

Interconnector Congestion and Weather 
Correlation
Interconnectors play a vital role in balancing supply and demand 
by enabling the export and import of electricity between the UK and 
neighbouring countries. The current operational interconnector capacity 
is approximately 8.4 gigawatts, linking Britain to France, Belgium, the 
Netherlands, Norway and Ireland. A further 10 gigawatts is under 
development, which could double capacity by the early 2030s.

Despite these developments, interconnectors are increasingly operating 
at or near full capacity, particularly during periods of high renewable 
output or extreme price volatility. This congestion limits the ability to trade 
electricity efficiently across borders to more dynamically balance supply 
and demand. 

The effectiveness of interconnectors in smoothing renewable variability 
is further constrained by weather correlation. For instance, when the 
UK experiences low wind output, similar conditions often prevail in 
Belgium, the Netherlands, Germany and northern France, reducing the 
benefits of cross-border diversification to smooth intermittent generation 
output. Solar generation faces similar challenges, as daylight cycles and 
weather fronts are broadly aligned across northern Europe. However, 
hydroelectric resources, such as those in Norway, provide valuable 
flexibility, allowing the UK to exchange wind surpluses for hydropower 
reserves.

4
Current constraints and 
saturation 

“Curtailment 
is now a 
defining 
constraint 
on the UK’s 
renewable 
expansion.”  
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Negative Wholesale Pricing
Negative wholesale electricity prices are a growing indicator of grid 
saturation at the margin. These prices fluctuate hourly in response 
to supply and demand dynamics. When renewable generation is 
abundant and demand is subdued, prices may fall below zero. In 
such instances, generators may pay to remain online, as the grid lacks 
sufficient flexibility to absorb, store or export the surplus.

This leads to lost revenue for producers and creates uncertainty 
for investors, especially for projects operating on tight margins. The 
increasing frequency of negative pricing events demonstrates 
the urgent need for enhanced system flexibility, including energy 
storage, demand-side management, and improved interconnection 
infrastructure.

In summary, the current constraints on the UK electricity grid are 
multifaceted and interconnected. Curtailment, interconnector 
congestion, delayed grid connections and negative wholesale pricing 
all stem from the grid’s limited ability to adapt to the rapid growth of 
renewables. Addressing these challenges will require coordinated 
investment in transmission infrastructure, storage technologies, market 
reform and regulatory change. Treating the grid as a dynamic, 
interconnected system is essential to unlock the full potential of a 
decarbonised electricity network.

Delayed Grid Connections
Another major challenge is the growing backlog of projects waiting to 
connect to the electricity grid. In 2023/24, the National Energy System 
Operator (ESO) received more than 1,700 applications to join the 
national transmission system. Together, these projects would generate 
far more electricity than the country is expected to need in 2030 or even 
2050.

However, many of these applications are either speculative or have 
stalled. This is largely because the old ‘first-come, first-served’ system 
encouraged projects to apply before they were ready. Ofgem has 
highlighted that a significant number are ‘zombie projects’ with little 
chance of progressing. As a result, genuinely viable renewable projects 
faced long delays and uncertainty about when they could connect, 
slowing the shift to clean energy and adding costs for developers.

To fix this, the ESO reformed the queuing system in 2025. Previously, 
applications were processed strictly in the order they arrived, which was 
simple but inefficient. Projects that weren’t ready often blocked progress 
for those that were. The new approach, ‘first-ready, first-served’, gives 
priority to projects that can demonstrate they meet a set of technical, 
financial and regulatory criteria. This change is designed to speed up 
grid connections and help low-carbon technologies move forward 
without unnecessary delays.

“Negative 
prices are 
a clear 
marker 
of grid 
saturation 
at the 
margin.”  
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A significant transmission bottleneck exists at the Scottish-English border, 
limiting the amount of clean power that can be transported south.

This geographical mismatch has tangible economic consequences 
and is one key cause of curtailment as outlined above. When wind 
generation in Scotland is high but transmission capacity is constrained, 
National Grid ESO must pay wind farms to curtail their output to prevent 
overloading the network. Simultaneously, gas-fired power plants in 
England are paid to increase output to meet demand. These “constraint 
payments” cost UK consumers hundreds of millions of pounds annually 
and result in the waste of clean energy.

This led to a policy debate  that concerned whether the UK should 
move from a single national electricity price to a local or “zonal” pricing 
system. The government’s Review of Electricity Market Arrangements, 
which started in 2022, considered  the introduction of locational 
marginal pricing, which would divide Great Britain into several price 
zones, with each zone’s wholesale price reflecting local supply, demand 
and grid constraints.

Supporters of zonal pricing argue that it would send stronger signals 
for where to invest, encouraging renewable projects and large-scale 
energy users to locate in areas with plentiful, low-cost power. They 
also contended that zonal pricing would reduce constraint costs by 
automating the management of congestion through price signals, 
offer a fairer reflection of the true cost of delivering electricity to each 
location and accelerate investment in flexibility solutions such as 
batteries and storage.

Opponents, however, raised concerns about increased investor risk, as 
price uncertainty between zones could deter investment in renewables. 
They also highlighted the risk of regional inequality, with higher bills 
for consumers in high-demand, low-generation areas and pointed 
to the transitional uncertainty that a complex market change would 
introduce, potentially delaying investment. Many argued that the real 
solution to grid bottlenecks lies in accelerating investment in transmission 
infrastructure, rather than market reform.

In July 2025, the government decided to retain a single national 
wholesale price, citing the risks of deterring investment and creating 
regional inequality. The policy focus will now shift to reforming the existing 
market.

Inertia and frequency stability
Bringing large amounts of wind and solar power onto the grid creates 
new technical challenges for the Energy System Operator (ESO). The 
UK electricity network was originally built for big power stations like 
coal, gas and nuclear plants, which provide something called “inertia”. 
Such plants typically use large spinning turbines to generate electricity, 
with the speed of the turbine rotation translating into the frequency of 
electricity generated. Inertia acts like a shock absorber for the system, 
marginally speeding up or slowing down turbine rotation speeds to help 
to keep the grid stable at its normal frequency of 50 Hz when something 
unexpected happens. The effect of inertia on the grid is temporary and 
typically spans mere seconds, but is vital in ensuring resilience to short 
duration faults.  

As coal has been phased out and reliance on inverter-based generation 
such as wind and solar has increased, the grid’s natural inertia has 
declined sharply. This reduction in inertia makes the system more fragile 
and susceptible to rapid frequency deviations, thereby increasing the 
risk of widespread blackouts. The ESO has warned that by 2030, there will 
be periods when all electricity is generated from zero-carbon sources, 
resulting in no contribution to inertia from traditional plants.

To address these risks, the ESO has launched a series of pioneering 
initiatives. The “Pathfinder” programmes are designed to procure stability 
services, such as inertia (the grid’s physical momentum) and short-circuit 
level (a measure of grid strength that ensures the system can maintain 
voltage and detect faults), from non-traditional sources. These include 
contracts for synchronous condensers, which reintroduce rotational 
inertia to the grid without associated power generation, and innovative 
projects using grid-forming inverters connected to battery storage 
systems. Such inverters can mimic the stabilising properties of traditional 
generators, providing synthetic inertia and actively supporting grid 
voltage. While these solutions are vital, they represent a fundamental 
re-engineering of grid balancing and require significant investment and 
new market frameworks to ensure system security.

Geographical Mismatch and Transmission 
Bottlenecks
The UK’s geography and market structure introduce further inefficiencies. 
The most abundant renewable resources are concentrated in Scotland, 
whereas the highest demand for electricity is in the Southeast of England. 

5
Technical and regulatory 
challenges
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“Reducing how often gas sets 
the marginal price is key to 
lowering electricity costs.”

Marginal pricing 
The national wholesale electricity market in the UK operates on a marginal 
pricing system. The price for all electricity in each period is set by the most 
expensive generator needed to meet the final unit of demand, which is almost 
always a gas-fired power plant. As a result, even when most electricity is 
generated by zero-marginal-cost renewables, consumer bills remain linked to 
volatile global gas prices. 

The process works by following a “merit order”, which is a bidding ladder that 
determines which generators are called upon to meet demand. The grid 
operator starts by purchasing electricity from the cheapest sources, typically 
renewables such as wind and solar, which have effectively zero marginal cost. 
If demand exceeds what renewables can provide, the operator moves to 
the next cheapest source, usually nuclear power. If further supply is needed, 
more expensive sources such as coal and natural gas are used. The marginal 
unit, which is the last power station required to meet demand, then sets the 
wholesale price for all electricity generated in that period.

Gas is most often the marginal unit in the UK due to its flexibility. Gas-fired power 
stations can be ramped up or down quickly, making them ideal for filling the 
gap between baseload supply and peak demand. Nuclear plants, by contrast, 
are inflexible and designed to run constantly, while renewables, such as wind 
and solar, generate when conditions allow. In other countries, the marginal unit 
can differ. For example, in Norway and Scotland, large reservoir hydropower 
dams provide both baseload and flexible power, allowing hydro to set the 
marginal price. In France, where nuclear dominates, nuclear can occasionally 
be the marginal unit during periods of extreme oversupply and low demand but 
this is somewhat rare.

The result is that the cost-saving benefits of renewables are muted and the 
system remains exposed to global fossil fuel price shocks. If the frequency with 
which gas sets the marginal price can be reduced, through the measures set out 
later in this paper, the wholesale cost of electricity can be lowered considerably. 
By shifting the marginal price setter away from gas and towards cheaper, 
cleaner sources, the UK can deliver more affordable energy for consumers and 
businesses. This in turn would make electrification more attractive and drive 
broader decarbonisation. 
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Professor Tim Lenton’s work on ‘Positive Tipping Points’ offers a useful way to 
understand how big changes happen in complex systems. A tipping point is the 
moment when a system shifts from one stable state to another, often triggered 
by small changes that build up over time. Slow changes gradually weaken the 
forces that keep the system stable, making it easier for sudden shocks to push 
the system past a critical threshold. 

Feedback loops are central to this idea. These occur when outputs of a system 
are fed back as inputs, thereby influencing future behaviour. A key indicator that 
a system is approaching a tipping point is when reinforcing (positive) feedback 
loops begin to overpower dampening (negative) forces, creating a self-
reinforcing cycle. Usually, it is the interaction of several reinforcing loops, not just 
one, that drives systemic change.

To spot tipping points, we need to imagine what the next stable state might 
look like and watch for signs such as slower recovery from shocks and greater 
variability. Contagion dynamics provide another clue: if one action triggers 
more than one similar action, change can spread rapidly. This principle applies 
to technology adoption too—once enough people or businesses adopt a new 
technology, network effects and economies of scale accelerate growth. In 
the energy sector, this can be seen in the rapid uptake of battery storage or 
distributed energy once a critical mass is reached.

Some systems, such as global supply chains, often operate near critical 
thresholds, where even minor disruptions can trigger cascading effects. The 
Suez Canal, for example, is a system where a single blockage can have global 
repercussions. Other systems may be further from such thresholds but the risk 
remains that slow, incremental changes can bring them closer to a tipping point 
over time. 

Applying this framework to the electricity grid, several diagnostic questions 
emerge: 

1.	 Is there a feasible second state?  
 
Historical analysis of the UK grid demonstrates that multiple potential states 
exist, from fragmented local coal networks to a centralised supergrid, 
through the dash for gas and into the current era of renewables. At present, 
two clear steady states are apparent.  
 
The first is a stressed renewables equilibrium, where renewables are added 
only when project financing and levelised costs  make economic sense but 
transmission capacity and system flexibility lag. This scenario places an upper 
ceiling on renewables penetration, constrained by political and technical 
acceptability.  

The second, more desirable, steady state is one where renewables 
dominate and resilience is ensured through widespread flexibility, primarily 
via demand management and storage. 

2.	 Is the system showing signs of moving towards a tipping point? 
 
Evidence from the current grid suggests that it is.  
 
There is increased volatility in generation due to variable weather patterns, 
more frequent and severe frequency instability requiring intervention by 
the ESO and rising levels of curtailment and negative wholesale pricing. 
These are all symptoms of a system struggling to absorb further renewables. 
Additionally, extreme weather events are becoming more common, 
causing wind farms to trip and increasing stress on demand, such as during 
cold snaps. 

3.	 What evidence is there of feedback loops in both directions? 
 
Several factors are slowing the shift to a stable, renewables-led energy 
system. For example, the cycle of renewable build-out leading to 
transmission congestion, which in turn causes curtailment and sends adverse 
investment signals, is a classic negative feedback loop. Similarly, the 
backlog of connections encourages speculative “queue” projects, which 
slows reforms and perpetuates the backlog. Subsidised or price-insensitive 
capacity can also trigger negative prices and distort markets, further 
complicating investment decisions. 
 
Despite these dampening forces, there is sufficient evidence that the 
resilience of the grid is decreasing and that a conceivable second steady 
state exists. The challenge, therefore, is to identify and strengthen the 
positive reinforcing feedback loops that can drive the system towards a 
more resilient and decarbonised future.  
 
Actions that can help this shift include investment in grid flexibility, such as 
storage and demand response, market reforms to better reflect variations 
by location and timing of generation and demand, and the deployment 
of advanced grid management technologies. By understanding and 
leveraging these dynamics, policymakers and system operators can help to 
tip the grid into a new, more sustainable equilibrium.

6
Analytical framework:  
tipping points
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This report identifies a set of interrelated solutions that, when implemented 
together, have the potential to transform the UK electricity grid into a more 
resilient, flexible and decarbonised system. 

Each solution is underpinned by positive reinforcing feedback loops, which, if 
strengthened, can overcome existing dampening forces and accelerate the 
transition to a sustainable energy future. The following sections identify some 
of these solutions, describe the key feedback mechanisms and introduce the 
forthcoming series of in-depth papers that will explore each area in detail.

Electric vehicles and distributed storage
The adoption of electric vehicles (EVs) is a catalyst for a powerful feedback loop. 
As more EVs are deployed, battery costs decline due to economies of scale. 
Cheaper batteries enable greater deployment of distributed storage, which in 
turn enhances grid stability and flexibility. Improved grid stability supports higher 
levels of renewable energy integration, which further reduces the cost of EVs 
and encourages additional adoption. 

This cycle is self-reinforcing and, if supported by appropriate policy and 
investment, can drive rapid progress towards decarbonisation and resilience. 
Technologies like bidirectional charging and using EVs as short-term storage are 
especially promising, as they allow excess renewable power to be absorbed 
and provide vital grid services.

AI-Driven grid optimisation and the smart 
grid
The integration of variable renewables such as wind and solar increases the 
need for optimisation and flexibility within the grid. As renewable penetration 
rises, so too does the incidence of curtailment, negative pricing and frequency 
stress. This creates a higher value for advanced optimisation solutions. 

The deployment of AI-driven Distributed Energy Resource Management Systems 
(DERMS) and advanced grid automation platforms enables more effective 
orchestration of distributed assets, including batteries, EVs and flexible demand. 
Improved orchestration leads to greater system stability, which in turn builds 
confidence for further investment in renewables, thus restarting the cycle. 

The smart grid, underpinned by digital infrastructure, advanced metering and 
real-time analytics, is the critical enabler of this transformation. Investment in 
the intelligent software layer, particularly AI and DERMS, addresses the core 
challenge of managing complexity and creates a scalable, data-driven 
feedback loop that accelerates the adoption of distributed energy resources.

7
Opportunities for  
systemic impact

Harnessing negative wholesale pricing and 
flexible demand
Periods of excess renewable generation can result in negative wholesale 
electricity prices. Strategic use of batteries, EVs and green hydrogen production 
can absorb this surplus, providing a floor for electricity prices and making further 
renewable investment more attractive. The availability of flexible demand and 
storage solutions reduces curtailment and supports the integration of additional 
renewables.

Long-duration battery storage and pumped hydro can shift surplus energy 
to periods of high demand, while green hydrogen production creates new 
demand, supports long-term storage and decarbonises sectors that are difficult 
to electrify directly. 

These actions create a virtuous cycle, where increased flexibility and new 
markets for surplus power accelerate the transition to a fully decarbonised grid.

Overcoming dampening forces
Despite the potential of these positive feedback loops, several dampening 
forces must be addressed. The slow rollout of smart meters, concerns over 
cybersecurity and data privacy, interoperability challenges and regulatory 
inertia all act as barriers to progress. Addressing these issues through policy 
reform, investment in digital infrastructure and the development of updated 
market frameworks is essential to unlock the full potential of the solutions 
described above.

The solutions outlined above do not operate in isolation, they interact through 
feedback loops that can either accelerate or slow progress. This report is the first 
in a series that will explore these dynamics in depth. Future papers will examine 
key reinforcing loops, such as the role of electric vehicles and distributed storage, 
the transformative potential of AI-driven grid management and smart grids, 
strategies for turning negative wholesale prices into opportunities through flexible 
demand, the case for green hydrogen as a cornerstone of grid flexibility, and 
the policy and regulatory changes needed to overcome barriers. By mapping 
these feedback loops and identifying strategic interventions, this series aims to 
provide stakeholders with a clear roadmap for driving a rapid, self-reinforcing 
transformation of the UK electricity system. 
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The UK electricity grid is at a turning point. It is not a fixed piece of 
infrastructure but a dynamic system shaped by technology, markets, 
policy and the actions of millions of users. Moving to a cleaner, more 
resilient and flexible grid is not just a technical challenge but one that 
requires a top-down view of how different parts of the system interact 
and influence each other.

This report highlights a set of solutions that work best when pursued 
together: electric vehicles and distributed storage, AI-driven grid 
management, smart technologies, flexible demand, and green 
hydrogen for long-term stability. Each of these can create positive 
feedback loops that accelerate progress, but only if they are supported 
by the right policies and investments.

However, barriers remain. Slow rollout of enabling technologies, 
cybersecurity risks, interoperability issues and regulatory inertia could 
hold back change. Overcoming these will require coordinated action 
across government, industry and society, alongside sustained investment 
in physical and digital infrastructure.

The evidence suggests the grid is nearing a critical point where small, 
well-targeted interventions can have big impacts. By focusing on these 
leverage points, the UK can build a system that is cleaner, more efficient 
and more resilient to future shocks. History shows the grid has adapted 
before and, with the right strategies and a systems perspective, it can 
do so again.

This paper is the first in a series that will explore these pathways in detail, 
providing a roadmap for policymakers, investors and practitioners to 
drive a rapid and self-reinforcing transformation of the UK electricity 
system. The future will be shaped not by one technology or policy, but 
by many forces working together. By taking a systems approach, the UK 
can lead the way in creating an electricity grid fit for the challenges and 
opportunities of the 21st century.
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