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1. Executive Summary
This report suggests how the United Kingdom might best 
reduce consumer prices for electricity. 

This research relies on methods, tools, and heuristics from 
both hard and soft systems thinking. The electricity sector 
involves real-world technical elements with clearly-defined 
and easily quantifiable inputs and outputs (i.e., suitable for 
hard systems thinking), as well as more subjective aspects 
such as the decision-making and behaviour of human 
stakeholders and social groups (i.e., suitable for soft systems 
thinking).

Addressing the high price of electricity will accelerate the 
adoption of heat pumps and facilitate the decarbonisation 
of domestic heating in the UK. Furthermore, since 
decarbonisation is essentially an ‘electrification strategy,’ 
bringing down electricity costs bears upon the Net Zero 
project, writ large.

It is important to appreciate that although recent history has 
seen an unprecedented rise in electricity prices, the problem 
of high relative electricity prices reflects a long-term trend 
rather than a temporary crisis. Given the structural and 
systemic realities of the GB market, even after the immediate 
fuel crisis emanating from the Ukraine war has abated, it is 
unlikely this trend toward higher-than-necessary consumer 
prices will be reversed.

Findings
The UK government intends to decarbonise Great Britain’s 
electricity system by 2035. To achieve this, all electricity 
generated in the UK, or imported, must be generated from 
renewable sources. Unfortunately, renewable electricity 
supply is intermittent and unevenly distributed geographically. 
Therefore, adequate system flexibility is required to overcome 
the physical constraints imposed by nature and geography. 
Battery and hydro pump facilities are necessary to store 
renewables electricity for use at times when the sun doesn’t 
shine and the wind isn’t blowing. Additionally, transmission 
lines and cables, as well as distribution centres are needed to 
transport renewables electricity to the parts of Great Britain 
where demand exceeds local supply.  

So long as the infrastructure required for adequate system 
flexibility remains underdeveloped, the GB market will rely 
on a supplemental supply from fossil-fuel generators. Given 
the role of the System Marginal Pricing (SMP) mechanism in 
the spot market and the relationship between spot market 
prices and forward contracts, these fossil-fuel generators 
will determine the wholesale electricity price and not the 
renewables generators. 

SMP (System Marginal Pricing) is the auction pricing rule 
where all market participants are paid the price of the last 
unit required to meet demand at any given time. In practice, 
this means that all electricity is ‘cleared’ at the highest price 
required to meet demand, rather than each generator being 

paid based on the price they bid to supply electricity to the 
market.

From a systems perspective, two fundamental factors 
inflate the price of electricity across the GB market:

1. Inadequate system flexibility; and,

2. System marginal pricing (SMP).

System Flexibility
In any location where the supply of renewables electricity 
cannot satisfy demand at a given time, the wholesale 
electricity price will be determined by the marginal generator 
called upon to supplement supply. In most cases, this supply 
will come from fossil fuel or nuclear power stations where 
generation costs are typically higher. If, on the other hand, 
there was adequate storage and transmission capacity for 
renewables generated electricity, the renewables supply 
could represent a much greater proportion of electricity 
consumed (and therefore traded) at a given time (all else 
being equal). 

Presently, the lack of adequate system flexibility means 
the installed capacity of renewables plants is considerably 
underutilised. The fact that the existing installed capacity 
of renewables plants is 87.5% of peak demand and yet 
renewables contribute only 42% of total annual supply, 
suggests the issue may not be so readily overcome with the 
installation of more renewables generation alone. 

Systems thinking suggests that without parallel investment 
in system flexibility infrastructure, increasing the number of 
renewables plants through the Contracts for Difference (CfD) 
scheme may close the gap between installed capacity and 
peak demand (or even overshoot it), without appreciably 
affecting wholesale electricity prices.

System Marginal Pricing
Even though it is only around 30% of wholesale electricity that 
is sold according to SMP auction rules, because the balance 
of electricity (i.e., 70–80%) is traded across forward markets as 
over-the-counter (OTC) contracts that hedge against volatility 
on the spot market, the influence of the SMP is overwhelming. 
The effect of SMP is felt all across the GB market and 
constitutes a powerful leverage point for policymakers 
seeking to bring down the price of electricity.

	■ The SMP is the system element most responsible for 
the observation that the increased share of renewables 
generated electricity has not brought with it a reduction 
in the consumer cost for electricity (although conventional 
wisdom suggests it should);
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	■ The SMP is the reason the price of electricity has been 
determined by gas 98% of the time; and,

	■ The SMP is the reason that even though the UK relied on 
Russian gas for a mere 4% of its energy needs in 2022, the 
Russia-Ukraine crisis, nevertheless, led to a 523% increase 
in the price of forward delivery contracts for electricity 
between 2021 and 2022.

Furthermore, SMP enables other market-distorting effects 
and is at the heart of various negative feedback loops in the 
system.

	■ SMP reduces incentives for private investment in system 
flexibility infrastructure, as the resulting reliance on 
expensive marginal supply to meet demand can drive up 
electricity prices, making the investment less attractive;

	■ SMP incentivises generators with market power to 
strategically withhold supply, leading to a reliance on 
more expensive marginal supply to meet demand, thereby 
inflating the spot market price paid to all generators;

	■ SMP incentivises generators to manipulate dispatch 
information provided to the Balancing Mechanism (BM), 
leading to excessive balancing payments that distort price 
formation; and,

	■ SMP undermines the effectiveness of zonal pricing 
by allowing the cost and frequency of marginal units 
required to meet demand to set the spot market price in 
a given zone, rather than the concentration of renewable 
generators.

From a systems perspective, the GB market is in something of 
a double bind. In principle, reasonable consumer electricity 
prices can be maintained with SMP, but only if there is 
adequate system flexibility. Alternatively, reasonable prices 
can be achieved without adequate system flexibility, but this 
requires the GB market to operate without a spot market 
based on SMP. Unfortunately, Great Britain finds itself in 
the unenviable position of having both a spot market with 
system marginal pricing and inadequate system flexibility 
infrastructure.

Policy Recommendations
Based on a systems analysis, CaCHE offers the following policy 
recommendations to structurally lower electricity prices for 
the long term:

	■ Invest in adequate system flexibility infrastructure;

	■ Replace System Marginal Pricing (SMP).

Adequate system flexibility 
infrastructure
The government should assume responsibility for investment 
in system flexibility infrastructure in such a way that 
renewable-generated electricity consistently represents the 
marginal unit required to meet demand.

In practice, private investment will secure the most 
profitable infrastructure opportunities first, and leave 
the most challenging projects until last or avoid them 
entirely. Furthermore, there is the ROI paradox of increased 
system flexibility, highlighted by systems analysis: a gradual 
diminution of ROI. Where adequate system flexibility prevails, 
renewables generators may supply the marginal unit required 
to meet demand, thereby reducing the wholesale price of 
electricity. In other words, there is a line of causation between 
greater system flexibility and the lowering of wholesale 
electricity prices. Investment in system flexibility will reach 
a point where estimations of ROI for future projects are 
unfavourable.

In the end, public investment may still be needed to fill the 
least financially attractive gaps in the system. In other words, 
it is highly likely that, ultimately, the public will bear the cost 
of projects with the weakest business case after the private 
sector has consumed those that are most profitable. Public 
investment, free from the constraints of profit motives, would 
ensure that essential but less profitable projects are pursued, 
securing system-wide benefits for the long term.

Replace System Marginal Pricing 
(SMP)
The government should replace SMP with a pay-as-bid model 
for the spot market. 

So long as SMP remains the primary pricing mechanism 
for the spot market, the wholesale price for electricity in 
the UK will continue to be driven by the most expensive 
unit of electricity required to satisfy total demand. Given 
the fundamental intermittency of renewables generated 
electricity and the inadequacy of the existing system flexibility 
infrastructure, the marginal unit will likely come from gas-
powered generators for the foreseeable future. Under SMP, 
consumers have not seen the economic benefits implied by 
an increasing share of renewables, which now represent more 
than 40% of the electricity dispatched annually.

Pay as Bid Model
A pay-as-bid model offers a straightforward and rational 
alternative to system marginal pricing (SMP). In this model, 
generators are paid based on the prices they bid during spot 
market auctions (which account for approximately 30% of the 
electricity traded in the GB market). If their bids are accepted, 
generators receive the price they offered to sell at. This should, 
in theory, make the spot market price more responsive to the 
volume of renewable electricity dispatched at any given time.

Critics of the pay-as-bid auction model often cite ‘tactical 
bidding’ as their primary objection.

http://housingevidence.ac.uk
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Tactical Bidding
Tactical bidding refers to the practice where generators 
attempt to anticipate the price of the marginal unit required 
to meet demand and raise their bids accordingly. In this 
scenario, lower-cost renewable generators might increase the 
price at which they offer their electricity closer to the prices 
set by gas-powered plants. Critics argue that this behaviour 
would make the pay-as-bid model ineffectual, as it would lead 
to pricing dynamics where generators are paid excessively – 
i.e., in line with the price of the marginal unit.

While pay-as-bid may well be disadvantageous for an 
electricity market under conditions of oligopoly (i.e., a 
market with a small number of dominant players), the same 
arguments do not pertain to the GB electricity market which 
consists of a large number of competing market participants 
and an ever-increasing number of new generators entering 
under the government’s CfD programme.

At best, the tactical bidding objection seems to imply that the 
pay-as-bid model mirrors what happens under SMP, where 
most generators are paid close to the gas price. This criticism, 
therefore, inadvertently highlights the most pernicious aspect 
of SMP, making it a weak argument against pay-as-bid.

At worst, the tactical bidding argument is simply misapplied 
to the GB market setting.

Firstly, under the CfD scheme, renewable generators have no 
incentive to bid above the strike price since they would have 
to repay any excess profits. This means the CfD strike price 
effectively sets a ceiling for these bids, providing a transparent 
mechanism that limits tactical bidding. Given CfDs are the 
chief means by which investment in renewables generation is 
stimulated in the UK, as time goes on, the prospect of tactical 
bidding becomes less and less likely.

Secondly, the GB market is competitive and constituted by 
an enormous number of individual generators. In economic 
theory, tactical bidding requires a certain degree of market 
power available to a limited number of participants that can, 
thereby, supress natural competitive tendencies by acting 
in a ‘price setting’ capacity. The tactical bidding argument 
against pay-as-bid assumes a level of coordination and market 
concentration inconsistent with the increasing diversity and 
competition among generators in the GB market. According 
to the latest government figures, 1,313 power stations are 
operating in the UK, owned by 55 separate companies. 

http://housingevidence.ac.uk
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2. Introduction

1  74% of homes in England and Wales, 81% in Scotland, and 31.6% in Northern Ireland rely on mains gas central heating (Stewart and Bolton 2024; Scottish Government 2024)

This report investigates how the United Kingdom might best 
reduce consumer prices for electricity. The author adopts an 
analytic framework known as systems thinking. 

Prior systems thinking research found that the high price of 
electricity was the most significant issue holding back the 
widespread adoption of heat pumps in the UK (Harrington 
2023; Harrington 2024). Given that heat pumps and associated 
clean heat technologies are the key to decarbonising the 
UK’s housing sector (DESNZ 2023g; House of Commons 2024), 
reducing the price of electricity should be seen, therefore, 
as inextricably linked to the government’s decarbonisation 
agenda and its Net Zero commitments. 

From a systems perspective, the high price of electricity was 
identified as the ‘root cause’ of the UK’s suboptimal heat 
pump adoption. Specifically, the high price of electricity 
relative to gas undermines the economic competitiveness of 
heat pumps when compared to the dominant technology 

– gas boilers1 .) The current relationship between the price 
of electricity and gas – known as the electricity-to-gas price 
ratio (EtGPR) – makes the transition from gas boilers to heat 
pumps a difficult decision for many homeowners (Boorman 
et al. 2021; Rosenow and Lowes 2021; Wolf et al. 2021; Ralston 
2022; Orso and Gabriel 2023; Sissons 2023; Dyson 2023; Citizens 
Advice 2023a; Parker and Leveque 2024). Fundamentally, this 
is because adopting clean heating solutions may necessitate 
assessing considerable material costs. Research by Nesta 
confirms:

“The key factor affecting the running costs of heat 
pumps (and all clean electric heating) is the ratio 
of electricity to gas prices. Heat pumps typically 
use three to four times less energy than a boiler 
(depending on how efficient the heat pump is), 
but electricity has typically been three to five 
times more expensive per unit than gas. The high 
relative price of electricity in effect cancels out the 
efficiency bonus brought by heat pumps.” 
 
Sissons 2023, 13

Addressing the high price of electricity will accelerate the 
adoption of heat pumps and facilitate the decarbonisation of 
domestic heating in the UK (Parker and Leveque 2024; Orso et 
al. 2024). Furthermore, since decarbonisation is essentially an 
‘electrification strategy,’ bringing down electricity costs bears 
upon the Net Zero project, writ large. The World Economic 
Forum notes that “high and volatile electricity costs represent 
a primary barrier for industries electrifying” (WEF 2024). 
Transport & Environment UK reports that “high electricity bills” 
were in the top five reasons that people put off buying an 
electric vehicle (EV) (T&E 2024). According to Energy System 
Catapult, the “electricity system is going to be the backbone 

of a Net Zero economy, so it is essential that the electricity 
transition works for consumers” (Shafran and Luff 2023). In 
pursuit of the United Kingdom’s Net Zero ambitions, this 
report applies systems thinking to the issue of electricity price 
formation in the GB Market.

2.1 Electricity as Root Cause
Systems thinking emphasises the identification of ‘root causes.’ 
When confronted with a challenging problem, addressing 
the root cause is more likely to lead to long-lasting and 
meaningful solutions via ‘leverage points.’ The high price 
of electricity was found to be the root cause of the UK’s 
suboptimal adoption of heat pumps because it can be 
seen as the driver of numerous other factors that constrain 
adoption across the housing system. Furthermore, if the price 
of electricity were brought down, many of the factors that 
presently constrain heat pump adoption would be far less 
impactful. 

Homeowners contemplating the installation of heat pumps 
must consider running costs as well as the cost of additional 
fabric and/or heating system upgrades to maximise heat 
pump performance, above and beyond the cost of the unit 
and its installation. The lower the thermal efficiency of a 
home, the higher the running costs of a heat pump (all else 
being equal). Conversely, the higher the thermal efficiency of 
a home, the lower the running costs of a heat pump (all else 
being equal).

In other words, there is a potential trade-off between the 
money spent at the time of installation on fabric and/or 
heating system upgrades and ongoing heating bills. Put 
crudely, the more money the homeowner saves at the time 
of installation on fabric and heating system upgrades (i.e., 
their capital expenditure [CapEx]), the less they save on their 
heating bills into the future (i.e., their operating expenses 
[OpEx]). Conversely, the more a homeowner invests on these 
things at the installation stage, the less they will pay for their 
heating. Investing in larger emitter surface area (e.g., radiators 
or underfloor heating) or increasing the insulation and 
draughtproofing of a property increases the performance of a 
heat pump (all else being equal). 

The performance of a heat pump can be quantified in terms 
of its seasonal performance factor (SPF) or seasonal coefficient 
of performance (SCoP). The higher a heat pump’s SPF or SCoP, 
the lower the running costs for that heat pump (all else being 
equal). The generally accepted benchmark for heat pump 
performance is an SPF of 3.0. At this level, a heat pump turns 
one unit of electricity into three units of heat. The capacity of 
heat pumps to leverage electricity in this way is the reason 
they are rightly considered a technological marvel. 

http://housingevidence.ac.uk
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Unfortunately (and here is where the relative price of electricity re-enters the discussion), the UK’s chronically high electricity-
to-gas price ratio (EtGPR) fundamentally undermines a heat pump’s technological advantage. As illustrated by Table 1, the UK’s 
EtGPR has been above 3.0 for more than fifteen years, with no sign of abating. In October 2024, the EtGPR sat at 3.9. 

Table 1. Electricity-to-Gas Price Ratio in the United Kingdom: 2008–2024. 

Year 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Ratio 3.51 3.37 3.43 3.18 3.22 3.28 3.20 3.35 3.53 3.77 4.06 4.30 4.63 4.89 3.91 4.00 4.0

2  According to the 1 October to 31 December 2024 energy price cap, electricity is 24.50p/kWh and gas is 6.24p/kWh for gas (Ofgem 2024c).

3  Desktop calculation based on 1 October to 31 December 2024 Ofgem price cap figures (elec. 24.50p/kWh and gas 6.24p/kWh). Reducing electricity by 16% for for the ‘removal’ scenario, and then reducing 

electricity by 16% and increasing gas by 17.5% for the ‘shift’ scenario.

Data source: Eurostat 2024; Ofgem 2024d. 

With the price of electricity almost 4 times greater than 
the price of gas per kWh2 , even a heat pump operating at 
an SPF of 3.0 is going to be more expensive to run than an 
efficient gas boiler (ceteris paribus). Conversely, research by 
Nesta found that “virtually all homes see an energy bill saving 
once the electricity-to-gas price ratio reaches 2.0” (Parker 
and Leveque 2024). There is, therefore, a clear motivation for 
homeowners to do what they can to ensure their heat pump’s 
SPF or SCoP is as high as possible. Increasing the SPF of a heat 
pump involves additional fabric or heating system upgrades, 
all of which necessitate additional capital expenditure. 

From a systems perspective, the following heat pump 
adoption barriers are best understood as knock-on effects of 
the high price of electricity:

	■ High running costs

	■ Expensive heating system upgrade costs

	■ Unaffordable fabric upgrade costs

	■ Planning restrictions on fabric and system upgrades

	■ Retrofit labour shortages

	■ Negative consumer perceptions of heat pump suitability

If the price of electricity was far lower than its present level, 
running costs would come down, the depth of fabric and 
degree of system upgrades required would decrease, there 
would be less labour pressure, less friction with existing 
planning policy, and consumers’ perceptions of heat pumps 
would improve. The high price of electricity is thus the root 
cause of the UK’s suboptimal adoption of heat pumps. If 
the UK population had access to abundant and affordable 
green electricity, the adoption of heat pumps and the 
decarbonisation of domestic heating would be greatly 
improved. 

It bears noting that a popular recommendation to address the 
unfavourable EtGPR is to remove the ‘green levies’ currently 
imposed upon electricity (Zuluaga 2017; Wolf et al. 2021; 
Rosenow and Lowes 2021; Boorman et al. 2021; Ralston 2022; 
Tetlow and Bartrum 2022; Haar 2022; Citizens Advice 2023a; 
Sissons 2023; Orso and Gabriel 2023; Lowes et al. 2024; Parker 
and Leveque 2024; Orso et al. 2024; Shepheard et al. 2024). 

According to Ofgem, green levies constituted 16% of the April-
June 2024 price cap on electricity (Ofgem 2024c). According to 
Nesta, if all taxes and levies were removed, electricity in 2023 

would have been 27p/kWh and gas 7p/kWh – or an EtGPR of 
3.8 (Orso et al. 2024). 

Removing the levies from electricity alone would potentially 
lower the EtGPR from 3.91 to 3.3. Shifting the levies from 
electricity to gas may lower the EtGPR to 2.83 . 

The proposal to shift green levies onto gas is not without 
its issues, however. Citizens Advice notes that fuel poverty 
is four times more prevalent among those on gas heating. 
Furthermore, as an increasing number of households move 
from gas to electrified heating, the policy costs would be 

“spread over the increasingly small number that remain on 
it.” Such a situation is unlikely to be politically or socially 
sustainable (Citizens Advice 2023a). If, on the other hand, these 
levies ultimately find their way to general taxation or national 
debt, the policy change will have been “more or less irrelevant” 
and do little to address the ever-increasing cost of electricity 
in the United Kingdom (Grubb 2022, 7).

This report takes the view, however, that to fundamentally 
accelerate the adoption of heat pumps and facilitate the UK’s 
decarbonisation agenda, we must find ways to bring down 
the price of electricity structurally and absolutely, not merely 
relatively. Consequently, this report has undertaken a systems 
analysis of the UK’s electricity sector to identify the root 
cause/s of inflated price formation. 
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3. Methodology

4  SMP is an auction pricing mechanism where all successful bids are paid the price of last (or marginal) unit required to meet demand at any one time. SMP is also known as ‘uniform pricing’ as all successful bidders 

are paid a uniform price (set by the price of the marginal unit required to meet demand at any one time). 

The report pursues a form of analysis known as system 
thinking. Broadly, there are ten (10) distinct approaches to 
systems thinking across the physical and social sciences: 
Hard Systems Thinking, Soft Systems Thinking, Systems 
Dynamics, Critical Systems Thinking, Viable System Model 
(VSM), Cybernetics, Complexity Theory, Living Systems 
Theory, Sociotechnical Systems Thinking, and Integral Systems 
Thinking (Checkland 1993; Ison 2017). 

Discussing each of these is well beyond the scope of this 
report. Suffice it to say, they all share a common interest in 
understanding the dynamic operation of complex systems 
and how the particular relationships and interactions between 
different aspects of a system produce specific outcomes. 
In The Systems Way of Life, Capra and Luisi explain that the 
essential properties of all systems are:

“properties of the whole, which none of the 
parts have. They arise from the interactions and 
relationships between the parts. These properties 
are destroyed when the system is dissected, either 
physically or theoretically, into isolated elements. 
Although we can discern individual parts in any 
system, these parts are not isolated, and the nature 
of the whole is always different from the mere sum 
of its parts”

Capra and Luisi 2014, 65

This report relies on methods, tools, and heuristics from both 
hard and soft systems thinking. This is appropriate because 
the electricity sector involves real-world technical elements 
with clearly-defined and easily quantifiable inputs and outputs 
(i.e., suitable for hard systems thinking), as well as more 
subjective aspects such as the decision-making and behaviour 
of human stakeholders and social groups (i.e., suitable for soft 
systems thinking).

Systems thinking is an analytic perspective introduced in 
the 1930s under the name General Systems Theory (GST) by 
Ludwig von Bertalanffy (1901–1972). Bertalanffy believed GST 
was suitable for use across many disciplines including physics, 
biology, psychology, as well as the social sciences. Bertalanffy 
argued:

“It is necessary to study not only parts and processes 
in isolation, but also to solve the decisive problems 
found in the organization and order unifying 
them, resulting from dynamic interaction of parts, 
and making the behavior of parts different when 
studied in isolation or within the whole”

Bertalanffy 1968, 31

Due to its focus on the dynamic interactions and 
interdependence between different parts of a system 
rather than merely the parts themselves, systems thinking is 
particularly helpful when dealing with stubborn problems that 
emerge from complex environments (Gibb and Marsh 2019). 

System thinking begins by drawing the boundaries of the 
system in question – i.e., defining what is included and 
excluded from the system (Eisner 2005). Typically, this takes 
the form of a visual representation of a conceptual diagram 
known as a ‘system model.’ The parts that are included 
in the system are known as the system elements. These 
elements might be physical objects such as power plants 
and transmission lines, actors such as regulatory bodies, 
government policies such as investment schemes for 
renewables, or market mechanisms such as system marginal 
pricing (SMP)4 .  

Once the boundaries of the system have been drawn, system 
thinking requires a consideration of the linkages between the 
elements and the effect of their interaction. Commonly, the 
interactions between system elements are described through 
the use of causal loop diagrams (CLDs). Bob Williams and 
Richard Hummelbrunner explain that:

“CLDs visualize variables and their relationships over 
time. They permit us not only to analyze current 
states and relational patterns but also to make 
assumptions about the dynamic behaviour.” 

Williams and Hummelbrunner 2011, 31

Causal loop diagrams illustrate non-linear cause-effect 
relations between elements. The effects are non-linear 
insofar as the effect that one element has upon another is 
manifest only due to the knock-on between several other, 
intermediating, elements. In addition, causal loop diagrams 
are also used to identify key system archetypes, which 
represent common patterns of system behaviour. 

Typical archetypes, such as Limits to Growth, Shifting the 
Burden, or Fixes that Fail, provide a useful heuristic for 
analysing socio-technical problems (Senge 1994). These 
archetypes help reveal the underlying structural interactions 
of complex systems, enabling better understanding and 
the identification of possible sites for intervention, known as 
‘leverage points.’

For example, an increase in the quantity of element A may 
increase the quantity of element B, which in turn may increase 
the quantity of element C. However, consider that the quantity 
of element B cannot increase unless the quantity of element 
D decreases, simultaneously. In such a situation, element A 
has a non-linear cause-effect relationship with element C, 
with element D acting as a conditioning element in the loop, 
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determining the performance of element B. This is an example 
of the Limits to Growth archetype, where growth in one part 
of the system is constrained by a limiting factor. 

Undertaking this form of analysis helps identify suitable 
leverage points in the system. Continuing the preceding 
example, without a proper appreciation of the causal loop 
A --> C (i.e., A --> B --> D --> B --> C) might lead policymakers to 
erroneously believe they can control the quantity of C simply 
by increasing the quantity of A. Systems thinking, on the 
other hand, identifies a negative feedback loop in the system 
where the dynamics of element D frustrates the linear A --> 
C relationship. Element D should, therefore, be treated as a 
leverage point – i.e., a point in the system where intervention 
might overcome an intrinsic structural failure. 

Aside from system elements, interactions, causal loops, and 
leverage points, systems thinking is particularly interested in 
root causes. John Boardman and Brian Sauser suggest systems 
thinking is intended to:

“break analysis and synthesis away from the 
strongholds of quick fixes, short-termism, simple 
mindedness, and singular action. It pays respect 
to complexity, variety, perspectives, nonlinearity, 
stakeholders, and counterintuitiveness” 

2008, 91

Root causes are those elements in the systems or dynamic 
interactions between system elements that act to condition 
a great many effects and interactions across it. If we can 
identify the root causes of the problem at hand, we are far 
better placed to offer policy advice that leads to meaningful 
and long-lasting solutions. In seeking out the root causes 
for the UK’s inflated electricity price formation, this report 
aims to advance the government’s decarbonisation efforts 
and accelerate our shift towards Net Zero. Professor Sir Ian 
Diamond, advisor to the UK’s Government Office for Science, 
endorses this approach:

“Systems thinking provides the tools and methods 
to address these complex problems, providing 
insight and understanding of the interactions to 
ultimately improve our solutions and deliver more 
effective and efficient public services” 

GOS 2022

Before embarking on a systems analysis of electricity price 
formation in the UK, it is helpful to provide some background 
on the electricity sector as a whole. 
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4. The UK’s Electricity Market
To situate the discussion, it is necessary to provide a brief 
account of the UK’s electricity sector (sometimes referred to 
as the Great Britain (GB) market as it covers England, Scotland, 
and Wales – but, not Northern Ireland). 

Based upon a level of demand for electricity, multiple private 
companies generating power from either fossil fuels or 
renewable sources compete to sell their electricity to various 
suppliers through the wholesale market. Prices fluctuate 
depending on how much electricity is demanded and how 
much is being produced at any given time.  Typically, when 
higher-cost generators (such as gas-powered stations) are 
needed to meet demand, the price of electricity is higher than 
when lower-cost generators (such as wind) can supply all the 
electricity required. Consumers pay an electricity price that 
includes the wholesale price, supplier and distribution charges, 
policy costs, green levies, and VAT.

The current system was born from the privatisation and 
liberalisation of the electricity industry in the late 1980s and 
early 1990s, where public entities (the Central Electricity 
Generating Board [CEGB] and the twelve Regional Electricity 
Companies [RECs]) were broken down, devolved, and exposed 
to market competition. 

Following the Electricity Act of 1989, the next piece of 
transformative legislation was the introduction of the New 

Electricity Trading Arrangements (NETA) in 2001. NETA 
replaced what was known as the ‘Pool’ — a unified market 
with a central operator that coordinated pricing and 
generation (i.e., a ‘central dispatch’ market)—with bilateral 
trading, multiple interacting markets for electricity, and ‘self-
dispatch.’ In other words, NETA decentralised the bidding 
process, allowing individual generators to determine how 
much they produced and when. In 2005, the British Electricity 
Trading and Transmission Arrangements (BETTA) were 
introduced, extending NETA’s provisions to Scotland and 
formalising today’s GB electricity market.

The push towards an open and competitive market for 
electricity that was intended to encourage new entrants 
and investment has produced a complex system of 
interconnected and interdependent mechanisms, institutions, 
and processes. Although not exhaustive, Figure 1 presents 
the key elements constituting the contemporary GB market 
system are the National Grid, generators, suppliers, the 
Capacity Market (CM), a Balancing Mechanism (BM), Contracts-
for-Difference (CfDs), the National Grid Electricity System 
Operator (NGESO), and the Office of Gas and Electricity 
Markets (Ofgem). 

Figure 1. Simple Diagram of Key Elements in the GB Electricity Market System (author’s own).  
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Crudely, the system operates as follows: (1) the Grid (through 
transmission lines, cables, substations and the distribution 
network) physically connects the supply of electricity to 
consumers; (2) Electricity generators5  offer an amount of 
electricity at a certain price to the market on day-ahead, 
intra-day or long-term contract basis; (3) Suppliers6  purchase 
contracts or accept bids for electricity based on their 
expected demand; (4) The Capacity Market (CM) monitors the 
system and ensures sufficient supply to meet peak demand; 
(5) The Balancing Mechanism (BM) assesses the amount of 
electricity required in real time, requesting additional supply 
to meet demand or a reduction in generation to protect the 
network; (6) Contracts-for-Difference (CfDs) are a government 
support mechanism used to encourage investment in 
renewable electricity by guaranteeing generators a particular 

5 According to the latest government figures, there are 1,313 major power producer power stations in the United Kingdom operational at the end of May 2022 (DESNZ 2023d)

6  There are six dominant electricity suppliers in the UK: British Gas (with 20.4% market share), E.ON (17.3%), Ovo (13.3%), EDF Energy (11.4%), Octopus (11.2%), and ScottishPower (9.2%) (CTM 2024)”

price (i.e., a ‘strike price’) for their electricity over a fifteen 
year period; (7) The National Grid Electricity System Operator 
(NGESO) administers the BM and the CM; and (8) The Office of 
Gas and Electricity Markets (Ofgem) regulates the system on 
behalf of government. 

Despite the government’s best efforts to create an open, 
competitive, and investor-friendly electricity sector, it is 
evident that consumers have not benefitted from low prices 
over the long term. Figure 2. illustrates the trend in consumer 
prices for electricity over the last two decades. Initially 
(between 1990 and 2000), electricity prices fell by around 30% 
(Green 1999; Green 2005). However, between 2000 and 2015, 
the cost of electricity for households increased in real terms by 
around 50% (Zuluaga 2017). 

Figure 2. Fuel Price Indices in the Domestic Sector in Real Terms (2003–2023).

Source: DESNZ 2024a.  

In 2008 and again in 2013, Ofgem initiated a series of inquiries 
into retail price increases, finding that while pre-tax earnings 
in the domestic supply market had increased 74.7% from 
2011 to 2012, wholesale costs had risen only 2.3% over the 
same period (Ofgem 2013a; 2013b). The suppliers justified 
the retail price inflation based on “rising input (fuel) costs 
and investment requirements” (Amountzias et al. 2017, 467). 
Consumer prices increased sharply in 2021, and following 
events in Ukraine (2022 – present), the UK had the fourth 
highest price for electricity out of 25 International Energy 
Agency members, with “prices increas[ing] at a higher rate 
than in comparable European nations” (Dyson 2023). 

It is important to appreciate that although recent history 
has seen an unprecedented rise in electricity prices, the 

problem of high relative electricity prices reflects a long-term 
trend rather than a temporary crisis (see Figure 2). Given the 
structural and systemic realities of the GB market, even after 
the immediate fuel crisis emanating from the Ukraine war has 
abated, it is unlikely this trend toward higher-than-necessary 
consumer prices will be reversed.  

Given that every effort towards privatisation, restructuring, 
and liberalisation was undertaken in pursuit of competition 
and investment, it begs the question of why the last twenty-
five years of government-initiated market-based solutions 
have failed to deliver lower electricity prices for consumers in 
the United Kingdom. To address this research question, this 
report offers a systems thinking approach to the analysis of 
electricity price formation across the GB market.
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5. Understanding Electricity Price Formation
Our interest in bringing down the price of electricity must 
begin by identifying the factors that influence how prices are 
formed and how the final retail price of electricity offered to 
consumers in the UK is determined. Specifically, we seek to 
understand what factors have driven (and continue to drive) 
the consumer cost of electricity beyond reasonable limits as 
illustrated by Figure 2.  

An extensive review of the literature on the subject reveals 
little consensus. Responsibility for inflated electricity prices is 
attributed to a variety of factors, including: 

	■ (1) Environmental and policy costs:  Costs associated 
with administering the Contracts for Difference (CfD), 
Renewables Obligation (RO), and Warm Home Discount 
schemes, as well as Feed-in Tariffs, the Carbon Floor Price, 
and the Energy Company Obligation (ECO) are levied on 
electricity but not gas. This distorts their relative prices 	
(Wolf et al. 2021; Boorman et al. 2021; Keay-Bright and Day 
2021; Rosenow and Lowes 2021; Evans 2022; Ralston 2022; 
Citizens Advice 2023a; Orso and Gabriel 2023; Parker and 
Leveque 2024; Lowes et al. 2024; Orso et al. 2024; Shepheard 
et al. 2024);

	■ (2) Transmission and distribution costs & network charges:  
Since transmission and distribution networks operate as 
regulated monopolies, there is limited competition todrive 
down costs. These monopolies often pass substantial 
infrastructure and maintenance costs to consumers, 
regardless of the network’s operational efficiency (Salies 
and Price 2004; Green 2005; Haar 2022);  

	■ (3) Metering and billing costs: Inefficiencies, outdated 
systems, and complex payment 	 methods can inflate 
electricity bills. Households using pre-paid meters or those 
on standard credit typically face higher rates due to upfront 
payments or delayed billing, which incurs extra charges for 
maintenance and processing. Direct debit customers 	
often benefit from lower rates due to automated payments, 
suggesting that streamlining systems and adopting smart 
meters could reduce unnecessary costs (Salies and Price 
2004);

	■ (4) The VAT on electricity: VAT on electricity, even at the 
reduced rate of 5%, can be seen as an unnecessary tax 
burden that inflates prices. This tax disproportionately 	
affects vulnerable consumers and arguably undermines 
environmental goals by discouraging the use of electricity 
(Tetlow and Bartrum 2022);

	■ (5) Fuel prices and import costs: Overreliance on fossil fuels 
and external energy sources, exposes consumers to volatile 
global markets. When global fuel prices spike, 	 energy 
providers typically raise prices quickly, but when prices fall, 
reductions are often slower to be passed on to consumers. 
Furthermore, importing fuel adds logistical and transport 
costs, and fluctuations in exchange rates can further drive 
up prices (Price 2005; Zuluaga 2017; Tetlow and Bartrum 
2022; Grubb 2022; Zakeri and Staffell 2022; Evans 2022; 
Cornwall Insight 2023; Carbon Tracker 2023; Orso and 
Garbiel 2023; Orso et al. 2024; Shepheard et al. 2024); 

	■ (6) Demand volatility: Electricity prices rise significantly 
during periods of high demand (e.g., cold winters or 
evenings). To meet this surge in demand, more expensive 
and often less efficient power plants (such as gas) are 
brought online, inflating electricity prices. In addition, 
the system operator (National Grid ESO) must constantly 
balance supply and demand to maintain grid stability. 
When demand spikes unpredictably, more resources are 
required to manage the grid, including paying generators 
to increase or decrease output (i.e., balancing payments). 
These balancing costs are also passed on to consumers 
(Keay-Bright and Day 2021); 

	■ (7) Market dynamics and trading behaviour: Under the 
marginal pricing model of the GB ‘spot markets’ (i.e., 
system marginal pricing SMP), the price of electricity is 
set by the most expensive form of generation needed to 
meet demand. Gas plants are among the costliest and 
often provide the final units of supply required to meet 
total demand. This means cheaper renewable energy 
sources are sold at inflated prices, driving up the wholesale 
electricity price. Furthermore, energy suppliers hedge 
against potential price volatility in the wholesale market 
by securing contracts in advance. These hedging costs, 
however, are often passed down to consumers – even if 
actual market prices remain stable (Green 2005; Keay-Bright 
and Day 2021; Zakeri and Staffell 2022; Grubb 2022; Orso 
and Gabriel 2023; Carbon Tracker 2023); 

	■ (8) Market power and imperfect competition: The GB market 
is dominated by a few large suppliers, often referred to as 
the ‘Big Six.’ This concentration of market power educes 
competition and arguably gives these companies the 
ability to influence prices. Although consumers may benefit 
from shopping between energy suppliers (i.e., ‘supplier 
switching’), most do not do so due to complexity, inertia, 
or a lack of clear savings, allowing dominant firms to keep 
prices higher without losing significant market share (Green 
2005; Price 2005; Sweeting 2007; Lízal and Tashpulatov 2014; 
Amountzias et al. 2017; Regen 2022); 

	■ (9) Geopolitical factors: International conflicts, trade disputes, 
supply chain disruptions, or sanctions can lead to significant 
fluctuations in global fuel prices, particularly for oil and 
natural gas. Since the UK imports a substantial portion of 
its energy, any instability in fuel-producing regions such as 
Russia or the Middle East can affect gas supplies and drive 
up import costs (Simakov et al. 2022); and,

	■ (10) Weather conditions: Low wind speeds or cloudy days 
can reduce the output from wind turbines and solar panels. 
When renewable energy generation falls short, the UK 	
relies more heavily on more expensive fossil fuel generated 
or imported energy. Furthermore, periods of extreme 
weather can create a surge in demand for heating or 	
cooling which may strain the electricity grid and lead to 
higher prices (Orso and Gabriel 	 2023). 

Aside from environmental and policy costs (which were the 
most commonly cited reasons for the relative price disparity 
between gas and electricity), the dominant explanation across 
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the literature for the inflated price of electricity consists of the 
following factors: 

(1) The ability of large market participants to coordinate 
pricing structures and suppress competition;

(2) The input cost of natural gas; and 

(3) A marginal pricing environment where the most expensive 
unit of electricity	 required to meet demand sets the final 
price in the spot market.

From a systems perspective, however, it is critical to 
understand that these three factors – which can be 
summarised as (1) market power and imperfect competition, 
(2) fuel prices and import costs, and (3) market dynamics and 
trading behaviour – may be interconnected and mutually 
reinforcing, rather than discrete issues. 

Figure 3. Causal Loop Diagram Showing the Potential 
Relationship Between Market Power, Market Dynamics, 
and Gas Price in the Context of Electricity Price 
Formation.

As illustrated by Figure 3, the market power of certain 
participants may permit them to artificially reduce capacity, 
which in turn creates a situation where the marginal supply 
of electricity required to meet demand is met by the most 
expensive generators (often those powered by gas), resulting 
in an inflated wholesale price. According to Zakeri and Staffell 
(2022), in 2021, the (high) cost of natural gas set the wholesale 
electricity price 98% of the time, while low-cost renewables 
set the price a mere 2% of the time. Although this effect was 
less prominent in the years 2015 to 2019, during this period 
the authors nevertheless found that gas set the price 80-90% 
of the time. 

From a systems perspective, it is important to appreciate 
that not all factors of price formation are equal – i.e., not all 
factors carry the same casual weight. For example, some 
factors of price formation might be transient (i.e., they appear 

periodically or infrequently as opposed to being persistent 
features of the system). On the other hand, the impact of 
some factors might be relatively modest (i.e., they constitute 
a fraction of the overall price). Finally, further investigation 
might reveal that changes in the scale or volume of particular 
factors do not translate to equivalent or inverse changes in 
final price formation (i.e., quantitative changes to the factor 
do not appear linked to changes in the price). Of course, not 
all relationships between elements and the final wholesale 
price are linear. We must, therefore, remain mindful of non-
linear relationships – i.e., system dynamics where linkages and 
interactions between two or more elements condition the 
capacity of other elements to influence price formation. 

While systems thinking is not dogmatically invested in fixed 
‘rules,’ there are certain principles that can guide the analysis. 
This report suggests the following means of identifying the 
‘most important’ elements of the system when it comes to 
price formation:

	■ (A) Elements responsible for the largest proportion of 
the final retail price relative to others in the system – i.e., 
elements that contribute a considerable share of the final 
price; 

	■ (B) Elements where changes in their scale, volume or cost 
are directly reflected in the final price – i.e., the final price is 
highly elastic to the volatility of these elements;

	■ (C) Elements that act to maintain a high final price despite 
other elements in the system moving in the opposite 
direction – i.e., elements that ‘condition’ the system.

Conversely, there are principles we might consider that help 
to identify ‘less important’ elements of the system when it 
comes to price formation:

	■ (i) Elements where changes in their scale, volume, or cost 
might affect the final price, but only once transformation 
has occurred with other elements – i.e., elements that 	
are themselves constrained by the system; and,

	■ (ii) Elements where changes in their scale, volume or cost 
might affect the final price, but only in the context of 
competitive market assumptions that are themselves 	
uncertain or not observed in the system – i.e., elements 
where influence is predicated on ideal market conditions.

This report will now examine the contemporary GB market 
from a systems perspective and identify the system elements 
most likely to influence inflated price formation. 
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6. Systems Analysis of Price Formation
Systems thinking begins with the development of a mental model of the system under investigation – in this case, the GB 
electricity market. Essential to any system, the boundaries are drawn and an identification of all relevant elements must be made. 

Figure 4. Preliminary System Model of Electricity Price Formation across the GB Market7 (author’s own).

7 * CfD and ROC shares of renewables projects: Brown, Donal., Hayes, Chris., Lawrence, Mathew and Adrienne Buller. 2023. “A Wholesale Transformation: Evaluating Proposals for Electricity Market Reform.” Common 

Wealth. https://www.common-wealth.org/publications/wholesale-transformation-evaluating-electricity-market-reform. 

** Electricity generation fuel shares. Source: Carbon Brief 2024.

Figure 4 represents a provisional systems model of electricity 
price formation across the GB market. While not exhaustive, 
this model nevertheless highlights important elements that 
contribute to price formation and indicates the linkages and 
direction of influence between these elements. 

As will be discussed throughout this report, Figure 4 reveals 
the relationship between electricity demand that cannot 
be met by renewable generation (i.e., unmet demand), the 
reliance on gas-generated electricity to supplement this 
shortfall (i.e., marginal supply), and the system marginal 
pricing (SMP) mechanism. SMP is the principle that all 
electricity bid by generators into a market auction are paid 
at the price of the last unit required to meet demand at any 
given time. The red arrows in the diagram emphasise how 
the SMP mechanism sets the wholesale price based on 
the cost of the most expensive unit of electricity required 
to meet demand at any given time, which is typically 
gas-generated electricity. Additionally, the green arrows 
highlight the critical role that storage and transmission play in 
integrating renewable electricity into the Grid. These system 

flexibility elements determine the extent to which renewable 
electricity can influence the wholesale price. With adequate 
system flexibility, total demand in certain parts of the UK 
could potentially be met by renewable generation. Without 
sufficient flexibility, gas sets the price most of the time (98% of 
the time in 2021; and 80-90% of the time between 2015 and 
2019) (Zakeri and Staffell 2022). 

6.1. Wholesale Electricity Price
The wholesale electricity price constitutes by far the largest 
share of the final price for electricity paid by consumers. 
According to the National Grid Electricity System Operator 
(NGESO), in April 2022 under the price cap, 50-60% of 
what consumers paid for their electricity was made up 
of the wholesale electricity price (NGESO 2024). In July 
of 2023, DESNZ noted that “unprecedented increases in 
wholesale energy prices from mid-2021 caused significant 
and prolonged volatility in the energy retail market” (DESNZ 
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2023e). A recent House of Commons research briefing reports:

“Wholesale energy prices are the biggest single 
element in energy bills and the most volatile. 
Together with other elements of the wholesale 
cost allowance they make up 51% of the Q1 2024 
cap and lower wholesale prices mean this will fall 
to 45% of the Q2 2024 cap. Changes in wholesale 
prices therefore largely dictate whether household 
bills go up or down. Increases in wholesale prices 
were by far the largest contributor to the increased 
prices paid by consumers.”

Bolton 2024, 25

Furthermore, (as indicated in Figure 5) analysis has shown 
that since 2018, there has been a causal link between the 
wholesale price of gas and that of electricity in the UK, with 

“gas set[ting] the electricity price 98% of the time” (Zakeri and 
Staffell 2022). 

Figure 5. Relationship Between Wholesale Gas Price (pence per therm [left axis]) and Wholesale Electricity Price (£ 
per MWh [right axis]) in the UK. 

Source: Evans 2022.

Given that the wholesale electricity price represents the 
largest share of the consumer price for electricity, while gas 
sets the wholesale electricity price 98% of the time, there is 
a temptation to identify ‘gas’ as one of the most important 
elements of inflated price formation. In particular, the 
volatility of wholesale gas prices in recent years driven by the 
uncertainty of international supply. This report suggests that 
such a view is somewhat mistaken.

It is not the price of gas per se that drives the wholesale 
electricity price in the GB market. Rather, it is how imported 
gas functions within the GB market and interacts with other 
system elements that drives the wholesale price. As will 
be shown, it is the dynamic relationship between SMP and 

system flexibility that warrants special attention. SMP is the 
auction pricing mechanism operating across the GB spot 
markets where all electricity purchased at any given time is 
priced according to the last unit (and, therefore, the most 
expensive unit) required to meet demand. System flexibility 
refers to the infrastructure (such as transmission lines) and 
mechanisms (e.g., storage technologies) that enable electricity 
(particularly lower-cost renewables generated electricity) to 
be transmitted, distributed, and stored across the GB system. 
These features will be discussed in greater detail below. 

Taken in isolation, the gas price would not determine the 
wholesale electricity price. Based, however, on the existing 
configuration and linkages of the system, gas has an outsized 
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and distorting influence on price formation. 

Reflecting upon the system model (i.e., Figure 4), we observe 
that there is a non-linear relationship between the price of gas 
and the wholesale price. That is to say, various other elements 
mediate the linkage between the price of natural gas and the 
wholesale electricity price that must be considered. Tracking 
the sequence in reverse order, we note the following elements 
between the price of gas and the wholesale electricity price: 
(1) system marginal pricing (SMP); (2) marginal supply; and (3) 
gas generation (gas-fired power stations). 

The logic of the system’s operation can be understood from 

Figure 6. Due to the intermittency of renewable energy and 
inadequate flexibility, renewable generation rarely meets 
100% of demand across the system. As a result, additional 
supply is needed from generators that can provide electricity 
on demand or are located in areas with less local renewable 
generation. In many cases, gas-powered stations supply this 
additional electricity and become the marginal generators. 
Under SMP, all electricity traded in a given period is priced 
according to the cost of the final unit required to meet 
demand. Consequently, gas-powered generators often set the 
system price for electricity.

Figure 6. System Flowchart Illustrating Non-linear Relationship Between Wholesale Gas and Electricity Prices in 
GB Market.  

Given the elements in operation and their particular linkages, 
the following insights concerning the GB market system can 
be gleaned:

	■ 1. The price of gas would not influence the wholesale 
electricity price if total demand was fully met by 
renewables generation.

	■ 2. The price of gas would not determine the wholesale 
electricity price if the GB market did not function according 
to SMP.

These insights suggest that uncoupling the determining 
influence that gas prices have on the wholesale electricity cost 
price requires consideration of electricity demand, renewables 
supply, and/or market pricing dynamics. 

6.2. Electricity Demand
Given that the UK’s domestic decarbonisation agenda and 
journey to Net Zero is synonymous with an electrification 
strategy – encompassing electric vehicles (EVs) and clean 
heating systems, such as heat pumps and district heating 

– peak electricity demand is expected to increase over the 
next decade. DESNZ forecasts an increase in peak demand 
of between 26% and 51% from 2022 to 2035, growing from 
61.1 GW in 2022 to approximately 80 GW in 2035 (DESNZ 
2023f). This growth in peak demand may strain existing grid 
infrastructure necessitating upgrades to transmission lines and 
substations to avoid potential bottlenecks and maintain grid 
stability. 

Although the forecasted increase in demand is expected 
to drive electricity costs higher, contrary to what would be 
needed to reduce them according to our systems analysis, 
this demand growth can be moderated through time-of-
use (TOU) tariffs and improved energy efficiency. TOU tariffs 

incentivise consumers to shift their electricity use away from 
peak periods, which can help reduce the need for more 
expensive marginal supply from gas-fired power stations 
(Ofgem 2024a). Additionally, increasing energy efficiency—
through upgrades to home insulation and systems—can 
lower both heat loss and electricity consumption while 
preserving or even enhancing thermal comfort.

Although reducing electricity demand through TOU tariffs and 
energy efficiency improvements would enhance the security 
of supply and lower overall consumer bills, these measures 
would have only a modest impact on aligning final demand 
with the total supply of renewable electricity. Therefore, from 
a systems perspective, these demand-side responses are not 
the primary leverage points for mitigating the influence of gas 
on wholesale electricity prices.

6.3. Renewables Supply
Presently, renewables generation contributes around 43% 
of total electricity supply in the UK, with a total output of 
135TWh in 2023 (82TWh from wind, 35TWh from bioenergy, 
14TWh from solar, and 5TWh from hydro) (Carbon Brief 2024). 
Although the amount of electricity generated from fossil fuels 
has been dropping steadily since 2008, gas still represents 31% 
of the total supply. 

Whenever the supply of electricity generated from 
renewables fails to meet demand, additional supply from 
non-renewable sources is called upon. If this marginal supply 
is more expensive than the renewables-generated electricity 
on the market, the price of the more expensive supply (often 
gas-generated electricity) sets the price for all electricity sold 
in the spot market at that time, regardless of the proportion 
of lower-cost renewable electricity being generated. In an 
SMP environment, for renewable generation to determine 
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the wholesale price, it would need to meet total demand 
at all times. In light of SMP, however, even if renewables 
represented 99% of the total supply at a given time, if the 
additional 1% marginal supply required to meet that demand 
was dispatched from a more expensive gas-fired power 
station, the price of gas would determine the wholesale price. 

There is, of course, nuance to this situation based on longer-
term contracts arranged through the Capacity Market (CM) 
and the terms of the Contracts for Difference (CfDs) prevailing 
at the time. CM contracts may be priced lower than spot 
market prices, which can moderate the overall wholesale 
price when averaged over time. Similarly, paybacks from 
CfDs—where the difference between the market price and 
the CfD strike price is paid back to the Low Carbon Contracts 
Company—can help stabilise wholesale electricity prices 
during periods of significant spot market volatility.

Nevertheless, the salient point here is that increasing the 
proportion of total supply generated through renewables has 
less influence over the wholesale electricity price than might 
be imagined (as illustrated by Figure 2, which shows ever 
higher prices in real terms over precisely the period that the 
share of renewables was increasing). 

There are two principal means to increase the supply of 
electricity generated through renewables on the Grid. The first 
and most obvious is to increase the number of renewables 
power stations. The second is to increase the ‘flexibility’ of 
the system. Increased system flexibility would overcome the 
intermittency of renewables generation and make better use 
of the excess supply that is generated through renewables 
(such as wind) at times when demand is lower. From a systems 
perspective, system flexibility is an important leverage point 
for decoupling the determining influence that gas has on the 
wholesale electricity price.

6.4. System Flexibility
Table 2. Geographical Distribution of Power Plants 
Across GB Market in 2023 (Gas, Wind, Hydro, Solar and 
Nuclear). 

Total England Scotland Wales

Gas 42 39 1 1

Wind 444 213 187 44

Solar 464 401 5 58

Hydro 124 2 109 13

Biomass 12 9 3 0

Nuclear 5 4 1 0

Source: DESNZ 2023d.

System flexibility across the GB market refers to factors such 
as energy storage (e.g., batteries and pumped hydro stores), 
distribution (e.g., long-distance transmission lines and cables), 
interconnectivity (e.g., interconnectors with neighbouring 
countries), flexible power plants, and smart grid technologies. 
Put simply, system flexibility describes mechanisms that 
enable more efficient and effective use of existing supply to 
better meet demand. 

These mechanisms are particularly important given that GB’s 
electricity supply is a mix of both intermittent (renewables 
generated) and on-demand (fossil fuel generated) power 
stations, as well as the fact that the distribution of these 
intermittent and on-demand electricity sources is unevenly 
distributed geographically. 

As evidenced by Table 2, of the 444 wind plants in the GB 
market, 187 are located in Scotland while just 11 are found 
in the South East of England, an area with around 3.5 million 
more people than Scotland. Similarly, while there are 109 
hydro plants in Scotland, there are only 2 in England. On 
the other hand, of the 41 gas-fired power stations, 39 are in 
England and only 1 is located in Scotland – while of the 5 
nuclear power stations, 1 is in Scotland and the other 4 are in 
England.
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Figure 7. 7-Day Generation Output (MWs) from Renewables Plants Across GB Market (24th – 31st May 2024).

Source: UK Electricity Production 2024.

The issues of GB market generation intermittency are well 
illustrated in Figure 7. The wind doesn’t always blow with 
the same intensity, and the sun doesn’t shine continuously. 
Consequently, electricity generated by solar plants can 
only meet demand during daylight hours, while electricity 
generated by wind plants is subject to variable weather 
conditions. 

Because the supply of electricity generated by renewables is 
inherently intermittent and subject to factors beyond human 
control (such as solar and weather patterns), renewables 
alone cannot consistently meet demand without flexibility 
mechanisms. At certain times renewables plants generate 
too much electricity, while at other times, they generate too 
little. Presently, this ‘system inefficiency’ is addressed through 
the Balancing Mechanism (BM), which monitors supply and 
demand in real-time and requests reductions or increases in 
supply from particular power plants depending on conditions.

The inefficiency of the GB market system can be superficially 
quantified in the following way:  

	■ Peak electricity demand in 2022 was 61.1 GW (DESNZ 2023f).

	■ Cumulative installed capacity from renewables generation 
plants in 2022 was 53.5 GW (DESNZ 2024c).

	■ This suggests renewables plants have the theoretical 
potential to meet 87.5% of peak demand.

	■ However, renewables represented 42% of all electricity 
generated in 2022 (DESNZ 2024c).

	■ Therefore, it could be argued there is a 45.5% shortfall 
in system efficiency – i.e., a significant gap between the 
theoretical potential of renewable capacity and its actual 
contribution to electricity generation across the system.

While this calculation is a gross oversimplification of the 
relationship between installed capacity and peak demand, 
it nevertheless reveals the significant opportunity that 
exists across the systems for flexibility mechanisms to bring 
the supply of renewables-generated electricity into closer 
alignment with total demand. With enhanced system 
flexibility – in particular, more extensive use of energy storage 
and more efficient distribution – it would be possible to 
make much better use of the existing installed capacity of 
renewables power plants. 

Figure 8. System Flow Chart: Impact of Inadequate System Flexibility Infrastructure on Wholesale Electricity Price.
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From a systems perspective, improved system flexibility 
is a significant way to decouple the price of gas from the 
wholesale electricity price. Greater integration of battery 
and pumped hydro storage would allow excess electricity 
generated by renewables to be stored and used when solar 
and wind resources are insufficient. Similarly, investment in 
long-distance transmission lines and cables would address 
the geographic constraints that currently limit the efficient 
distribution of renewable energy. Enhanced system flexibility 
could, therefore, reduce the reliance on gas-fired power 
stations as marginal supply to meet total demand. As a 
result, in an SMP environment, adequate flexibility might 
enable renewables to set the price on the spot market more 
consistently, rather than gas. Figure 8 illustrates the present 
systemic relationship between inadequate system flexibility 
and the wholesale electricity price.

6.5. Market Pricing Dynamics
The GB market price for electricity is established through 
various mechanisms: 

	■ Capacity Market: This mechanism ensures sufficient supply 
to meet peak demand through long-term contracts; 

	■ Contracts for Difference (CfD): This policy framework 
establishes a 15-year guaranteed price for renewables-
generated electricity, reducing investment risk by 
mitigating market volatility;

	■ Forward Market: This longer-term market (typically 1-3 years 
ahead) establishes bilateral contracts between generators 
and suppliers seeking to hedge against price volatility;

	■ Day-Ahead Market: Bilateral contracts are struck between 
generators and suppliers based on forecasts of the next 
day’s demand;

	■ Intraday Market: Bilateral contracts between generators and 
suppliers are struck in real-time (typically on a half-hourly 
basis) based on assessed demand;

	■ Balancing Mechanism: The National Grid Electricity 
System Operator (NGESO) monitors supply and demand 
in real-time and requests adjustments to dispatch for any 
discrepancies in exchange for balancing payments;

	■ International Markets: Electricity is imported from (or 
exported to) Ireland, Northern Ireland, France, and the 
Netherlands through existing interconnectors, depending 
on where the price is most favourable. 

Despite this complexity, the day-ahead and intra-day markets 
have the greatest influence over the wholesale electricity 
price, because: 

	■ 1. Forward contracts (i.e., bilateral agreements known 
as over-the-counter trades (OTCs) have historically 
represented between 70% and 90% of all traded electricity 
(Ofgem 2024b). In the first quarter of 2022, however, the 
share of OTCs fell well below 60%. Analysts now suggest 
the share of all electricity presently traded in forward 
markets is closer to 70–80% (Maximov et al. 2023).

	■ 2. The prices paid under forward contracts are determined 
by the price of electricity on the ‘spot market’ – i.e., the 
day-ahead and intra-day markets – which represents the 
balance of electricity presently traded (around 20–30%).

Consequently, even though the volume of electricity traded 
on the spot market is lower than that traded in forward 
markets, the spot market is the ‘price setter’ for the forward 
market and thereby the wholesale electricity price. From a 
systems perspective, therefore, the day-ahead and intra-day 
markets are the more important to understand. 

6.6. The Spot Market
The spot market is the term that covers the operation of 
both the day-ahead and intraday markets. Unlike the forward 
market where trading is undertaken according to OTC 
contracts, the spot market functions according to auction 
rules. A competitive process between generators (offers) and 
suppliers (bids) establishes electricity prices. Critically, however, 
the spot market is where the SMP environment is located 
within the GB market system. 

In the day-ahead market, the price paid for all the electricity 
traded for dispatch the following day is set by the price of 
the last (or marginal) unit of electricity required to clear the 
auction. Similarly, in the intraday market, the price paid for all 
the electricity traded in the half-hourly period is set by the 
price of the last (or marginal) unit of electricity required to 
clear the auction for that period. Given the competitive nature 
of an auction, the last (or marginal) unit accepted to clear the 
auction will always be the most expensive unit in that market 
clearing process. The auction mechanism where all accepted 
bids are paid (i.e., increased to) the price for the marginal unit 
is known as SMP. SMP ensures that all electricity traded on 
the spot market is sold at the highest competitive price paid 
during the clearing process for that period. 
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Figure 9. System Flowchart Illustrating Non-linear Relationship Between SMP and Wholesale Electricity Prices in 
GB Market.  

Applying systems thinking to the linkage between the spot 
and forward markets, we observe a nonlinear relationship 
between the SMP mechanism and the wholesale electricity 
price. As illustrated by Figure 9, the SMP determines the prices 
paid in the spot markets (which include the day-ahead and 
intraday markets). Expected spot market prices influence 
the value of OTC contracts traded in forward markets, while 
the prices paid for these forward contracts directly impact 
the wholesale electricity price. From a systems perspective, 
therefore, SMP can be considered the most important 
element of market pricing dynamics within the GB electricity 
market. 

6.7. System Marginal Pricing
When the UK’s electricity sector was privatised in the late 
1980s, SMP became the pricing mechanism for trading 
electricity between generators and suppliers in the 
competitive market known as ‘the Pool.’ Although the 
Pool (which was a centralised mandatory market where all 
electricity was traded) was abolished in 2001, following the 
introduction of the New Electricity Trading Arrangements 
(NETA), the SMP mechanism did not disappear entirely. While 
NETA allowed for bilateral trading across forward markets in 
the form of OTCs contracts, SMP became the primary auction 
mechanism for the day-ahead and intraday markets – i.e., the 
‘spot market.’

According to economic theory, two fundamental principles 
underwrite the logic of SMP: competition and market 
efficiency. In the first instance, it is intended to encourage 
competition and new market entrants. Without a market 
mechanism such as SMP, larger, more established firms (who 
may have already paid down a considerable proportion of 
their capital expenses) might be able to lower the price of 
electricity, and thereby drive competitors out of business or 
prevent new generators from entering the market based on 
unfavourable prospects for returns on investment. In this way, 
SMP can be seen as an antidote to ‘beggar thy neighbour’ 
market failure. 

The second advantage of SMP lies in its ability to provide 
clear and effective incentives for both production and 
consumption. By setting prices based on the marginal cost 
of supply, SMP encourages generators to produce efficiently 
and consumers to adjust their usage according to real-time 
market conditions. This leads to more efficient resource 
allocation, better alignment of supply and demand, and a 

more responsive and balanced electricity market.

Under SMP, all electricity traded is bought at the price paid for 
the last unit (i.e., the marginal unit) required to meet demand 
at the time. Theoretically, this means the entire market should 
be sending a clear signal to potential investors that whenever 
the price of electricity is high, there is an opportunity for new 
entrants. High electricity prices signal insufficient supply, as 
inefficient generators are being called upon for the marginal 
unit. This should be seen as an invitation for investment and 
new entrants that can add supply through more efficient 
operations. This logic ought to apply equally to flexibility 
investment. Theoretically, in markets where the price of 
electricity is high and renewables generated electricity is 
plentiful, SMP ought to send investment signals for storage 
and distribution investment.  

Turning to Figure 10, we observe what is known as the ‘merit 
order.’ At any given time, a certain volume of electricity 
is demanded. Under SMP, the bids of the lowest priced 
generators are accepted first (i.e., renewables according to the 
figure), followed by progressively more expensive generators 
(i.e., nuclear according to the figure) until the bid for the last 
unit required to meet demand is accepted (i.e., gas according 
to the figure). Once the auction has closed, all generators are 
paid the price of the last unit required to meet demand (i.e., 
the gas generator determines the ‘system price’ according to 
the figure). The fundamental concept underpinning SMP is 
that all bidders are paid the price of the final unit required to 
meet demand (i.e., the ‘price’ curve according to the figure). 
Under SMP, all units are paid according to the most expensive 
unit accepted in the auction. 
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Figure 10. Illustration of Marginal Pricing and the 'Merit Order' of Electricity Generators in the Wholesale Market.

Source: Stewart 2023.

Advocates argue that due to the ‘merit order effect,’ the SMP 
pricing mechanism ensures that inefficient and uncompetitive 
generators will not have their bids accepted at the auction, 
with only the most competitive marginal generator being 
called upon (Sensfuß et al. 2007). At any given time, this means 
there may be generators bidding at higher prices than the 
marginal unit required to meet demand. Note that according 
to Figure 10, we observe a gas generator bidding at a level 
above the price curve. Such generators will not have their bids 
accepted, and the auction closes without their generation 
being dispatched. Over time, as more and more renewables 
generators enter the market and displace more expensive 
generators in the merit order, the clearing (or marginal) price 
of the auction should come down. 

Importantly, however, a merit order effect prevails in any 
competitive auction situation (with or without SMP) as the 
lowest-priced bids are always accepted first. Consequently, 
the merit order effect should be understood as a virtue of 
auctions and not a product of SMP per se. 

Finally, SMP can also have a price-distorting effect if markets 
are not perfectly competitive. Firms with market power may 
be able to manipulate supply and artificially inflate prices. Put 
simply, if firms cooperate to withhold supply, marginal units 
from expensive generators are always called upon to meet 
demand, benefitting all firms in the system. Furthermore, SMP 
can make electricity markets susceptible to extreme volatility, 
particularly when the generators of marginal supply rely upon 
fuel sources that are affected by geopolitical upheaval or 
international conflict. This was evident from late 2021 through 
2023 when the wholesale gas price surged dramatically, 
influenced by factors such as the Russia-Ukraine conflict. 
Michael Grubb explains that:

“Despite many positive dimensions, in terms of the 
wider and longer-term economics of the system 
however, the textbook idea of marginal cost pricing 
poorly captures implications of the instability of 
fossil fuel markets, or many realities of investment 
and innovation required, particularly for emerging 
technologies and new players”

Grubb 2022, 13

From a systems perspective, the distorting effect of SMP 
on electricity prices is well illustrated by the fact that even 
though Russian gas only accounted for 4% of the UK’s total 
energy supply in 2021, disruption to Russian gas supplies led 
to a 523% increase in the price of forward delivery contracts 
for electricity in the United Kingdom (from £81/MWh in 
August 2021 to £511/MWh in August 2022) (Simakov et al. 
2022; Ofgem 2024b).  

From a systems perspective, therefore, SMP appears to be the 
fundamental reason the wholesale price of electricity does 
not reflect the increasing share of low-cost renewables in the 
system.
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7. Findings
Having pursued a systems-based approach to understanding 
electricity price formation across the GB market, it is helpful to 
now reconstruct the picture and provide some commentary. 

	■ 1. The UK government intends to decarbonise Great Britain’s 
electricity system by 2035. To achieve this, all electricity 
generated in the UK, or imported, must be generated 
from renewable sources. Unfortunately, renewable 
electricity supply is intermittent and unevenly distributed 
geographically. Therefore, adequate system flexibility is 
required to overcome the physical constraints imposed by 
nature and geography. Battery and hydro pump facilities 
are necessary to store renewables electricity for use at 
times when the sun doesn’t shine and the wind isn’t 
blowing. Additionally, transmission lines and cables are 
needed to transport renewables electricity to the parts of 
Great Britain where demand exceeds local supply.  

	■ 2. So long as the infrastructure required for comprehensive 
system flexibility remains underdeveloped, the GB 
market will rely on a supplemental supply from fossil-fuel 
generators. Given the role of SMP in the spot market and 
the relationship between spot market prices and forward 
contracts, these fossil-fuel generators will determine 
the wholesale electricity price and not the renewables 
generators. 

A study appearing in The Energy Journal investigating the 
impact an increasing share of renewables would have on 
wholesale prices found the “intermittency effect dominates 
the stochastic merit-order effect” (Johnson and Oliver 2019, 
164). In other words, when it comes to wholesale electricity 
prices, the fact that renewables cannot be dispatched 
wherever and whenever they are needed is more important 
than simply how many renewables generators there are in any 
given market.  

Therefore, until the GB market obtains 100% of its supply from 
renewables, fossil-fuel generators may still set the wholesale 
electricity price in the majority of cases. This suggestion is 
borne out by forecasts of Ofgem’s price cap. 

According to Cornwall Insight, the January 2025 (Q125) price 
cap is projected to rise by 3% from October’s cap. Bearing 
in mind that October’s price cap (Q424) was already a 10% 
increase on the July cap of £1,568, the Q125 price cap of £1,762 
would represent a 12.4% increase over six months. Discussing 
their forecast, Cornwall Insight stated:

“Wholesale price rises, particularly since the start 
of July, have been cited as the key reason for the 
increase in bills, with GB’s reliance on imports – 
particularly of gas – making it vulnerable to the 
volatile international energy market” 

Cornwall Insight 2024

These comments support the observation that despite the 
share of renewables electricity increasing to over 40% in 
2023, the wholesale gas price nevertheless determined the 
wholesale electricity price 98% of the time.

From a systems perspective, there are two fundamental ways 
to bring down the price of electricity within the context of the 
existing GB market:

	■ 1. Invest in adequate system flexibility; and,

	■ 2. Replace system marginal pricing (SMP).

7.1. System Flexibility
Without adequate system flexibility, there is no way for 
renewables generation to meet demand given the physical 
constraints imposed by nature and geography. As discussed, 
the present installed capacity of renewables generators 
is already 108% greater than the volume of renewables 
electricity supplied to the Grid. The present dilemma, 
therefore, is less an issue of generation and more an issue of 
transmission, distribution, and storage.  

Critically, however, the presence of SMP in the system acts 
as something of a structural disincentive for generators (or 
suppliers for that matter) to make investments in flexibility 
arrangements. Figure 11 illustrates this negative feedback 
loop. So long as system flexibility remains inadequate, SMP 
ensures wholesale prices remain high – a situation from which 
generators necessarily benefit. Sarah Keay-Bright describes the 
present situation:

“In a power system based on high shares of variable 
renewable energy, we also need flexibility providers 
to respond to highly dynamic price signals that 
much more accurately reflect the physics of the 
power system in real-time and by location. But 
current prices and incentives are distorted, relatively 
static and blunt. Unlike many other countries, we 
still have only one national electricity price that 
changes every half hour”

Keay-Bright 2021
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Figure 11. Causal Loop Diagram Illustrating 
Disincentive for Private Investment in System 
Flexibility (Negative Feedback). 

According to Energy Systems Catapult, the issue is not with 
the SMP mechanism itself but rather that the price signals 
sent by the market are not sufficiently ‘granular.’ In their 
report, Rethinking Electricity Markets – EMR2.0, they argue 
for locational marginal pricing (LMP), where the GB market 
is divided into zones (or nodes) that more accurately reflect 
demand and supply dynamics in particular places at specific 
times (Keay-Bright and Day 2021). Energy Systems Catapult 
asserts that SMP operating in more defined zones would 
encourage investment in system flexibility infrastructure as 
certain areas would see higher electricity prices than others 
and therefore signal locations where this investment would be 
highly rational. 

The argument that LMP is superior to SMP in identifying 
locations where investment in system flexibility infrastructure 
would be most profitable is sound. The question remains, 
however, whether private firms are likely to participate in such 
investment given the feedback loops and knock-on effects 
inherent to the system. Consider that, if successful, investors 
in system flexibility would necessarily bring down the price 
of electricity and with it their profit margins, thus diminishing 
their investment returns. In other words, successful 
investment in system flexibility is consistent with a trajectory 
of diminishing returns. Consequently, we must ask whether 
system flexibility is best thought of as a private or public good. 

This report argues that given the prevailing system dynamics 
of the GB market, system flexibility infrastructure is better 
categorised as a ‘public good’ (similar to transportation 
infrastructure) and, therefore, ought to be coordinated and 
managed as public investment. Systems analysis identifies 
system flexibility as a fundamental priority for the GB market 
and identifies public bodies as those who should be charged 
with its execution and investment (in whole or in part).   

7.2. System Marginal Pricing (SMP)
SMP is the GB market system element that has the greatest 
distorting influence on electricity price formation. SMP is the 
reason that the market power of generators can artificially 
inflate prices through supply and dispatch manipulation. SMP 
is the reason that the increased investment by renewables 
generators and the ubiquity of CfDs have not translated into 
lower electricity prices for consumers. SMP is the reason that 
the gas price sets the wholesale price for electricity in virtually 
all cases. Finally, SMP is the reason that the Russia-Ukraine 
conflict has such a dramatic and oversized influence on 
electricity prices in the United Kingdom. 

The systemic issues with SMP are by no means a recent 
phenomenon, however. Although electricity prices for 
consumers fell in the first decade following privatisation, since 
2001, they have been steadily increasing. In 1999, Richard 
Green argued that:

“The government believes that the Pool has been 
biased against coal-fired generators, and that its 
price-setting rule (all generators are paid the bid 
of the marginal unit) has inflated the level of prices. 
In practice, many of the perceived problems in the 
Pool are the result of market power, not the basic 
design of the Pool, which is capable of sending the 
right price signals to generators” 

Green 1999, 515

What Green failed to recognise was that ‘market power’ is 
expressed via the SMP. In other words, identifying the problem 
was never a binary choice between ‘market power’ and the 
‘basic design of the Pool’ (i.e., SMP).  Instead, the problem was 
that SMP encouraged and entrenched the worst excesses of 
market power. Twenty-five years of SMP and the persistent 
issue of “inflated” prices ought to impress upon people that 
SMP does indeed send the “right price signals to generators.” 
The great irony is that what generators and consumers think 
of as ‘right’ are fundamentally at odds. On the one hand, 
generators seek to maximise profits and market share while, 
on the other hand, consumers are looking for on-demand 
electricity at affordable prices. 

Before this report presents its conclusions and offers suitable 
policy recommendations to bring down the price of electricity, 
it is worthwhile discussing the UK government’s ongoing 
consultation into reform of the electricity sector: The Review 
of Electricity Market Arrangements (REMA). 

http://housingevidence.ac.uk


27 housingevidence.ac.ukContents Page

8. Review of Electricity Market Arrangements 
(REMA)

8  REMA does not cover Northern Ireland.

This report’s interest in addressing the high price of electricity 
in the UK parallels the government’s ongoing Review of 
Electricity Market Arrangements (REMA). In April 2022, the 
Johnson government announced its intention to address the 
long-standing inefficiencies of Great Britain’s (GB)8  energy 
market design through consultation with sector experts and 
stakeholders (BEIS 2022). Examining the current status of REMA, 
therefore, represents a fertile testing ground for our systems 
framework and the analysis of electricity price formation. 

It is important to understand, however, that REMA’s objective 
extends beyond the issue of affordability and consumer prices. 
Fundamentally, REMA was initiated to ensure that the GB’s 
electricity market is configured to maximise investment in 
renewables, guarantee the security of supply, and accelerate 
the decarbonisation of the grid in the context of a Net Zero 
target of 2035 (DESNZ 2023a). According to the Department 
of Energy Security and Net Zero (DESNZ), the “main role of 
electricity markets should be achieving efficient investment 
decisions and efficient dispatch decisions” (DESNZ 2024b, 
19). REMA is, therefore, a reform consultation framed by the 
‘energy trilemma’ – attempting to balance sustainability, 
security, and affordability (Mawood and Sutherland 2023). In 
March 2024, DESNZ completed its second-round consultation 
and published a shortlist of preferred reforms. 

Turning attention to Figure 12, we can observe that the five 
areas initially under review, most closely linked to wholesale 
pricing were: (1) locational pricing – i.e., whether to create 
separate areas where the price is determined locally rather 
than nationally; (2) market unity – i.e., whether to split 
the market by generation and create a separate market 
for renewables; (3) balancing coordination – i.e., whether 
decisions about matching supply and demand in real-time are 
done at the national or local level; (4) auction payment rules 

– i.e., whether to pay individual generators the price at which 
they offer their electricity to the market or the price of the last 
unit required to meet demand; and, (5) dispatch authority – 
i.e., whether decisions about output and generation are made 
by individual generators or by a central authority.
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Figure 12. DESNZ Preferred REMA proposals following 2nd Consultation (March 2024). 

Source: DESNZ 2024b. 

As shown in Figure 12, one key outcome of the first REMA 
consultation was the rejection of the option to replace ‘pay-as-
clear’ auction pricing with a ‘pay-as-bid’ model. In the context 
of the GB market, ‘pay-as-clear’ is the SMP mechanism this 
report repeatedly refers to. Unlike SMP, where all electricity in 
a spot market auction is paid at the price of the last (and most 
expensive) unit needed to meet demand, under a pay-as-bid 
model, each generator whose electricity is required to meet 
demand is paid exactly the price at which they offer their 
electricity, rather than a uniform price. The rejection of the 
pay-as-bid model raises questions about the decision-making 
process, particularly when evaluating feedback from industry 
experts.

Rejection of Pay-as-Bid (First Consultation)

The recommendation to move away from SMP and towards 
a ‘pay-as-bid’ mechanism was raised during the first REMA 
consultation (i.e., changes to auction payment rules). 
Advocates suggest that an alternative to SMP could “lead to 
lower consumer prices” (DESNZ 2023h, 29). DESNZ undertook 

a survey to understand where the body of experts and 
stakeholders stood on the various reform options offered in 
the first consultation. DESNZ asked:

“Do you agree that we should continue to consider 
reforms that move away from marginal pricing?”

DESNZ 2023h, 23

Of the 124 respondents, 60 (i.e., 48%) answered ‘Yes.’ That is to 
say, a plurality of experts recommended that DESNZ consider 
alternatives to marginal pricing. 49 answered ‘No’ (i.e., 40%) 
and 15 answered ‘Don’t know’ (i.e., 12%). However, when 
discussing their survey, DESNZ stated that: 
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“Respondents were divided on continuing to 
consider pay-as-bid across the entire market and 
recommended discounting this option (48% 
agreed, 40% disagreed, and 12% didn’t know)” 

DESNZ 2023h, 29

This statement gives the impression that a plurality of 
respondents recommended abandoning alternatives to 
marginal pricing – which is the opposite of the finding of the 
DESNZ survey. DESNZ’s interpretation appears to contradict 
the survey data, which showed that a plurality supported 
considering alternatives to marginal pricing. 

The argument of the minority position (i.e., 40%) against the 
‘pay-as-bid’ mechanism (one alternative to SMP) was that it 
might encourage “tactical bidding” where “generators are 
likely to bid at the price of the expected marginal plant” 
(DESNZ 2023h, 29). This objection seems odd because tactical 
bidding would result in prices that are similar to those already 
produced under the SMP model. In other words, the objection 
to moving away from SMP is that it might create a pricing 
environment similar to SMP. 

In addition to cautions about ‘tactical bidding,’ the argument 
against the ‘pay-as-bid’ model was buttressed by the spectre 
of the need for ‘price caps.’ Objectors claimed that because 
pay-as-bid would encourage ‘tactical bidding,’ some kind of 
preventative system (such as price caps) would need to be 
introduced. They argued there would be no “reduction in 
consumer prices unless caps on bids are introduced” (DESNZ 
2023h, 29). Consequently, those who stood against replacing 
SMP asserted pay-as-bid “would need to be introduced 
alongside caps on bids” (DESNZ 2023h, 29). DESNZ then 
presented the four (4) objections to price caps that were 
attached to the argument against pay-as-bid. 

In the end, DESNZ concluded:

“Taking into account the feedback received, the 
Government has decided not to take forward pay-
as-bid pricing as an option into the next phase of 
assessment on the basis that it does not meet the 
criteria of least cost and investor confidence” 

DESNZ 2023h, 30

A close reading of DESNZ’s 2023 “Summary of Responses 
to Consultation” document reveals what appear to be 
inconsistencies between their survey data and the way this 
data was interpreted, as well as the acceptance of a relatively 
unpersuasive argument against pay-as-bid. This report argues 
that pay-as-bid warrants further scrutiny and should not have 
been set aside based on the arguments presented. A more 
detailed discussion of pay-as-bid as an alternative to SMP is 
offered later in this report. 

Outcome of Second Consultation

Following the second consultation, as illustrated in ‘green’ 
in Figure 12, DESNZ decided to retain a unified market 
with a national balancing mechanism (BM) where the 
wholesale price reflects the system marginal price set by 
pay-as-clear auction rules. In terms of three out of the five 
possible areas for wholesale market reform (issues 2, 3, and 
4), DESNZ determined that maintaining the status quo best 
addressed the energy trilemma (balancing cost, security, and 
sustainability) and was most conducive to investor certainty 
and security of supply.

The two remaining aspects of wholesale market reform still 
under review are ‘locational pricing’ and ‘dispatch authority’ 
(issues 1 and 5). Locational pricing refers to the idea of 
subdividing the greater GB market into smaller geographic 
regions (the zonal model) or distribution nodes (the nodal 
model). Dispatch authority relates to whether decisions on 
how much electricity to generate and when should be made 
by the generators themselves (self-dispatch) or by a central 
authority such as NGESO (central dispatch). 

It is worth noting that a switch to locational (i.e., zonal) pricing 
might have considerable fiscal relevance for the government. 
If the market moved to zonal pricing, the ‘strike price’ for 
the government’s CfD subsidy regime (i.e., the guaranteed 
minimum the generator is paid) may become more reflective 
of the costs of renewables generation in specific locations 
(i.e., local market signals), rather than the aggregate wholesale 
price (often determined by the price of gas) under national 
pricing. Zonal pricing may also have an affordability impact 
as certain areas where renewables (and, therefore CfDs) 
are abundant ought to result in lower consumer prices. 
Conversely, areas where gas powered generators dominate 
would represent locational markets with considerably 
higher average prices. Zonal pricing may, therefore, save 
the government money in the near term under current CfD 
arrangements, while, simultaneously sending better market 
signals for future renewables investment by highlighting areas 
where the ‘strike price’ ought to represent sound investment 
rationale.

The question of dispatch authority (i.e., issue area 5) may 
have an influence on consumer prices as well as security 
of supply. Under the current model of ‘self-dispatch,’ the 
government argues that generators, by not having to disclose 
the terms of their numerous bilateral agreements, can 
artificially manipulate output to receive inducement payments 
through the Balancing Mechanism (BM). DESNZ asserts this 
behaviour inflates prices by undermining supply security. The 
department notes that the “current self-dispatch design opens 
up an opportunity for gaming the BM that is available even 
to generators that are not large enough to determine prices 
on their own” (DESNZ 2024b, 81). It is believed that moving 
to a central dispatch authority would increase transparency 
and efficiency, and reduce wholesale price inflation through 
market power. 

Before moving on, it is worth evaluating locational (i.e., zonal) 
pricing and a central dispatch authority from a systems 
perspective. 
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9. Assessing the Remaining REMA Options

9.1. Zonal Pricing
Based on their initial consultation, DESNZ is satisfied that zonal 
pricing (i.e., the preferred locational form after nodal pricing 
was set aside) will deliver consumer savings of £25–60 billion 
across the period 2030 to 2050 (DESNZ 2023b). However, 
DESNZ is concerned that zonal pricing may generate 
additional constraint costs and be susceptible to market 
manipulation due to the power of large generators. Constraint 
costs arise when the electricity grid cannot handle the power 
being generated due to transmission limits or imbalances 
between supply and demand, in which case balancing 
payments are made to reduce generation or increase supply 
in certain areas. Market manipulation refers to the potential for 
large electricity generators with significant market power to 
influence or distort pricing in certain zones to increase profits. 

Figure 13. Hypothetical GB Market Zonal Pricing 
Configuration.

Source: NGESO 2022. 

Modelling by FTI Consulting, suggests that moving from 
a national to a zonal pricing structure would reduce the 
wholesale cost of electricity by 5%–12%, depending on the 
configuration of zones and whether the cost of CfD payments 
is included in the price (FTI 2023). Energy System Catapult 
takes a similar view, maintaining that zonal pricing will “enable 

consumer savings” (Shafran and Luff 2023). Importantly, 
however, establishing separate pricing zones would create an 
uneven pattern of wholesale pricing across the system. FTI 
Consulting argues that “under a zonal or nodal market design, 
wholesale prices in the north of GB are expected to be lower 
than under a national market design, while the south of GB 
sees an increase in wholesale prices” (FTI 2023, 16). 

Applying our systems framework to the issue of zonal pricing 
invites us to consider the relationship between supply and 
demand in each zone and, therefore, the impact of SMP in 
that context. Indeed, sector experts refer to zonal pricing as a 
form of ‘locational marginal pricing’ (LMP) (Regen 2023).

For example, consider suppliers located in the northernmost 
zone of the GB market (i.e., Zone A in Figure 13). If Zone A 
suppliers are unable to meet 100% of their demand with 
supply generated within Zone A, they must draw on supply 
generated elsewhere – potentially at higher prices – and 
therefore pay a final wholesale price based on generation 
prices determined outside their zone. In other words, due 
to SMP, the consumer benefits of zonal pricing are not 
determined by the average cost of generation within a 
particular zone but, rather, by the cost of the final unit of 
electricity required to meet demand in that zone – which may 
have to be obtained from outside. 

Figure 14. Causal Loop Diagram Highlighting Price 
Formation Elements Under Zonal Marginal Pricing. 

Under SMP, flexibility arrangements (i.e., transmission, battery 
storage, demand response, generator ramping, time-of-use 
tariffs, etc.) are critical to price formation. This non-linear 
relationship between zonal pricing and the final consumer 
price is illustrated in Figure 14. The fundamental question 
for each zone is whether or not they are ‘self-sufficient’ in 
terms of reaching an ongoing supply-demand equilibrium for 
electricity. If Zone A’s electricity supply consistently meets or 
exceeds demand, based on flexibility arrangements, generator 
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capacity, and weather conditions, the wholesale price will 
be determined by the local market. If, on the other hand 
(as shown by the causal loop diagram, Figure 14), Zone A is 
unable to meet demand at any time, the spot price within 
Zone A may be determined by potentially higher electricity 
prices imported from other zones in the GB market.

As demonstrated by Figure 14, from a systems perspective, 
the consumer benefits of zonal pricing (i.e., LMP) across 
the GB market are driven by the interaction between 
flexibility arrangements and SMP, rather than solely by the 
concentration of low-cost generators in specific zones. 

9.2. Central Dispatch
‘Central dispatch’ refers to a system where a central authority 
(i.e., the system operator, National Grid ESO) directly controls 
the dispatch of electricity generation units across the UK. 
Under this model, NGESO determines which power plants 
should generate electricity, at what time, and in what quantity, 
based on real-time grid needs and market conditions. In 
contrast, under the current system of ‘self-dispatch,’ individual 
generators decide when to produce electricity based on 
market signals. Each generator submits bids or offers to the 
market, and decides whether to generate electricity based on 
profitability and market demand.

The potential consumer savings of central dispatch are less 
well-known to DESNZ. In 2023, the department published 
a table comparing various REMA options across different 
metrics. According to DESNZ, the ‘implementation cost and 
complexity’ of moving to a central dispatch model was noted 
as having a “high negative impact” while the ‘wholesale 
price impact’ was rated “mid to low negative impact” (DESNZ 
2023c, 138). Although vague, DESNZ does believe, therefore, 
that moving to central dispatch has some downside risk for 
affordability.

One motivation to adopt central dispatch is to empower 
the NGESO to make decisions about when and how much 
electricity generators produce based on open capacity 
disclosures and a system-wide assessment of demand. 
This contrasts with the current model (i.e., ‘self-dispatch’), 
where individual generators and suppliers establish private 
bilateral agreements, and it is argued generators have the 
opportunity to ‘game the system’ by artificially constraining or 
overwhelming supply. 

Under ‘self-dispatch,’ the role of the balancing mechanism 
(BM) is critical as it monitors the relationship between supply 
and demand in real-time and sends dispatch requests to 
generators. The BM makes ‘balancing payments’ to generators 
to induce them to dispatch to the system as required. 

Theoretically, under ‘central dispatch’ the operation of the BM 
becomes more efficient as they make more accurate forecasts 
concerning supply and demand based on more accurate 
generator information. This should lead to lower overall prices 
as balancing payments become a less prominent feature of 
the system. 

According to Cambridge’s Energy Policy Research 
Group, however, central dispatch won’t eliminate market 
manipulation by generators, it simply changes the form it 
takes. Their research found that under central dispatch, there 
was an “increased possibility to coordinate” which “increases 
the risk of collusive outcomes” (Ahlqvist et al., 2019, 1). 

Furthermore, a review of the balancing market by Frontier 
Economics found that under the present arrangement, there 
was “no evidence that movements in dynamic parameters 
in this period were a driver of high costs” (FE 2022, 33). In 
fact, their analysis reported “no clear evidence of behaviour 
inconsistent with the market rules” (FE 2022, 8). In other 
words, Frontier Economics was unable to confirm that market 
manipulation through the BM was a driver of higher costs. 

Examining central dispatch through our systems framework 
reveals a structural issue similar to that faced by zonal pricing. 
In this instance, the challenge is the relationship between 
imperfect information and the SMP mechanism, which 
may prevent a central dispatch authority from meaningfully 
influencing the final wholesale price.

Under central dispatch, NGESO (the presumed central dispatch 
authority) would make decisions based on information 
provided by generators. However, generators may have a 
perverse incentive to provide information that benefits their 
commercial interests rather than the broader consumer 
interest. As a result, NGESO might find itself balancing supply 
and demand based on generators’ preferred price structures.

Figure 15. Causal Loop Diagram Highlighting Price 
Formation Elements Under Central Dispatch. 

In the GB market, which operates under an SMP system 
where the wholesale price is primarily determined by the cost 
of the last unit of electricity needed to meet demand, the 
impact of central dispatch on affordability is constrained by 
the extent to which the market reflects perfect information 
and competition. As shown in Figure 15, the market power 
of certain generators could allow them to manipulate 
information, creating artificial supply scarcity. This could 
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necessitate obtaining marginal supply from higher-cost 
generators, thereby establishing a higher overall wholesale 
price and potentially reinforcing the market power of larger 
players.

As demonstrated by Figure 15, from a systems perspective, the 
consumer benefits of central dispatch are determined by the 
dynamic relationship between reliable information and SMP, 
and not simply the ability of a central authority to coordinate 
and instruct when and how much supply enters the Grid. 
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10. Conclusion
CaCHE research identified the high price of electricity as the 
root cause frustrating the widespread adoption of heat pumps 
in the United Kingdom. Because electricity is expensive while 
gas is relatively cheap, making the switch from an efficient 
gas boiler to a heat pump has considerable running cost 
implications that consumers must consider. Importantly, 
running costs can be reduced through heat system upgrades 
or improvements to the thermal or energy efficiency of 
the home. These system or fabric upgrades, however, are 
an expense over and above the heat pump unit and its 
installation. Therefore, whether it is the additional capital 
expense at the time of installation or the prospect of higher 
space and water heating bills in the future, the business case 
for the adoption of heat pumps is greatly undermined by the 
high price of electricity. 

This report has followed this line of argument and pursued 
a systems thinking approach to understand the causes of 
inflated price formation for electricity in the GB market (i.e., the 
electricity system that serves England, Scotland, and Wales). If 
the price of electricity can be reduced, the decarbonisation 
of domestic heating can be greatly assisted. Not only because 
consumers will find the business case for replacing their gas 
boiler with a heat pump more attractive but, also because 
the depth of retrofit required across the built environment (a 
considerable financial interest for social housing providers) is 
reduced in proportion to reductions to the cost of electricity. 

From a systems perspective, the system marginal pricing 
mechanism (SMP) under which the spot market operates and 
inadequate system flexibility infrastructure were found to be 
the two most important elements of inflated electricity price 
formation. 

Even though it is only around 30% of wholesale electricity that 
is sold according to SMP auction rules, because the balance 
of electricity (i.e., 70–80%) is traded across forward markets as 
OTC contracts that hedge against volatility on the spot market, 
the influence of the SMP is overwhelming. The effect of SMP 
is felt all across the GB market and constitutes a powerful 
leverage point for policy makers seeking to bring down the 
price of electricity. 

	■ The SMP is the system element most responsible for 
the observation that the increased share of renewables 
generated electricity has not brought with it a reduction 
in the consumer cost for electricity (although conventional 
wisdom suggests it should). 

	■ The SMP is the reason the price of electricity has been 
determined by gas 98% of the time. 

	■ The SMP is the reason that even though the UK relied on 
Russian gas for a mere 4% of its energy needs in 2022, the 
Russia-Ukraine crisis, nevertheless, led to a 523% increase 
in the price of forward delivery contracts for electricity 
between 2021 and 2022.  

Furthermore, SMP enables other market-distorting effects 
and is at the heart of various negative feedback loops in the 
system.

	■ SMP incentivises generators with market power to 
strategically withhold supply, leading to a reliance on 
more expensive marginal supply to meet demand, thereby 
inflating the spot market price paid to all generators;

	■ SMP reduces incentives for private investment in system 
flexibility infrastructure, as the resulting reliance on 
expensive marginal supply to meet demand can drive up 
electricity prices, making the investment less attractive;

	■ SMP encourages generators to manipulate dispatch 
information provided to the Balancing Mechanism (BM), 
leading to excessive balancing payments that distort price 
formation;

	■ SMP undermines the effectiveness of zonal pricing 
by allowing the cost and frequency of marginal units 
required to meet demand to set the spot market price in 
a given zone, rather than the concentration of renewable 
generators. 

Alongside SMP, inadequate system flexibility infrastructure was 
found to be the aspect of the GB electricity system that most 
greatly promoted and perpetuated inflated electricity price 
formation. Because electricity generated through renewables 
cannot presently be adequately stored or transmitted across 
Great Britain, the supply of renewables electricity remains 
subject to nature and geography. 

In any location where the supply of renewables electricity 
cannot satisfy demand at a given time, the wholesale 
electricity price will be determined by the marginal generator 
called upon to supplement supply. In most cases, this supply 
will come from fossil fuel or nuclear power stations where 
generation costs are typically higher. If, on the other hand, 
there was suitable storage and transmission capacity for 
renewables generated electricity, the renewables supply 
could represent a much greater proportion of electricity 
consumed (and therefore traded) at a given time, ceteris 
paribus. Figure 16 illustrates the impact of improved system 
flexibility on the wholesale electricity price. 
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Figure 16. System Flow Chart: Illustration of Improved System Flexibility Infrastructure on Wholesale Electricity 
Price.

Presently, however, inadequate system flexibility means 
the installed capacity of renewables plants is considerably 
underutilised. The fact that the existing installed capacity 
of renewables plants is 87.5% of peak demand and yet 
renewables contribute only 42% of total annual supply, 
suggests the issue may not be so readily overcome with the 
installation of more renewables generation alone. Systems 
thinking suggests that without parallel investment in system 
flexibility infrastructure, increasing the number of renewables 
plants through the CfD scheme may close the gap between 
installed capacity and peak demand (or even overshoot it), 
without appreciably affecting wholesale electricity prices. 

Furthermore, Figure 16 highlights the critical relationship 
between SMP and system flexibility infrastructure, illustrating 
how the interaction between these two system elements can 
inflate or moderate electricity price formation. Due to SMP, 
the impact of inadequate system flexibility infrastructure on 
wholesale prices is amplified. Gaps in flexibility necessitate 
supplemental non-renewable supply, which sets the price for 
all electricity sold at that time due to SMP. 

If, hypothetically, the SMP was replaced, wholesale prices 
might be more closely linked to the volume of supply from 
renewable plants. This would allow prices to more accurately 
reflect system flexibility. Conversely, if the GB market 
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possessed adequate system flexibility infrastructure, the 
marginal unit required to meet demand could be sourced 
from renewables. In such a situation, renewables would 
set the wholesale electricity price instead of on-demand 
generators like gas, which currently set the price 98% of the 
time.

From a systems perspective, the GB market is in something of 
a double bind. In principle, reasonable consumer electricity 
prices can be maintained with SMP, but only if there is 
adequate system flexibility. Alternatively, reasonable prices 
can be achieved without adequate system flexibility, but this 
requires the GB market to operate without a spot market 
based on SMP. Unfortunately, Great Britain finds itself in 
the unenviable position of having both a spot market with 
system marginal pricing and inadequate system flexibility 
infrastructure. 
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11. Policy Recommendations
Based on a systems analysis, CaCHE offers the following policy 
recommendations to structurally lower electricity prices for 
the long term:

11.1. Invest in adequate system 
flexibility infrastructure
The government should assume responsibility for investment 
in system flexibility infrastructure in such a way that 
renewable-generated electricity consistently represents the 
marginal unit required to meet demand. 

In late 2023, National Grid, a publicly listed company 
announced a £59 billion procurement framework to meet 
its high voltage direct current (HVDC) cable requirements 
(Hakimian 2023). This includes £12.77bn for civils and major 
works, £24.6bn for converter systems, and £21.3bn for cables. 
The total figure reflects the estimate provided by the National 
Grid Energy System Operator (NGESO) in their Beyond 2023 
report that anticipated connecting an additional 21GW of 
offshore wind and other renewable generated electricity 
across the GB market (ESO 2024). In August 2024, Ofgem 
approved the £4.3bn investment estimated for the UK’s largest 
subsea transmission project Eastern Green Link 2 (EGL2) 
(National Grid 2024). Due for completion in 2029, EGL2 will 
connect Peterhead in the north-east of Scotland and Drax on 
the east coast of England (SSEN 2024). 

Despite these encouraging signs and a well-considered 
strategic pathway, private direct investment in system 
flexibility is not necessarily the best solution. First of all, we 
have the overarching issue of ‘profit motive vs. public interest.’ 
Motivated by profit, investors tend to focus on returns 
rather than long-term public benefits. Consequently, private 
investment is likely to prioritise projects that satisfy return 
on investment (ROI) calculations rather than projects that 
overcome system vulnerabilities but offer a weaker business 
case. This is not to deny there can be overlap between the 
two, simply to point out there is a distinction. 

In practice, private investment will secure the most 
profitable infrastructure opportunities first, and leave 
the most challenging projects until last or avoid them 
entirely. Furthermore, there is the ROI paradox of increased 
system flexibility, highlighted by systems analysis: a gradual 
diminution of ROI. Where adequate system flexibility prevails, 
renewables generators may supply the marginal unit required 
to meet demand, thereby reducing the wholesale price of 
electricity. In other words, there is a line of causation between 
greater system flexibility and the lowering of wholesale 
electricity prices. Investment in system flexibility will reach 
a point where estimations of ROI for future projects are 
unfavourable. 

In the end, public investment may still be needed to fill the 
least financially attractive gaps in the system. In other words, 
it is highly likely that, ultimately, the public will bear the cost 

of projects with the weakest business case after the private 
sector has consumed those that are most profitable. Public 
investment, free from the constraints of profit motives, would 
ensure that essential but less profitable projects are pursued, 
securing system-wide benefits for the long term. 

System flexibility infrastructure is a domain where the 
privatisation of profits and socialisation of losses ought to be 
unacceptable. Moreover, the extremely high capital costs of 
these large-scale capital projects are a considerable barrier to 
private investment, only overcome with the assurance that 
their investment can be recouped via the consumer. In other 
words, there is a direct linkage under a private investment 
programme between enhanced flexibility and the prospect of 
higher energy bills – which is precisely the opposite of what 
this report hopes to achieve. 

Although examples from entirely different sectors, the 
UK’s contemporary experience with some of its privatised 
water, sewage, and railway providers illustrate the potential 
downside of privatised public infrastructure (RMT 2023; Jack 
and Jones 2024). These sectors, much like energy, involve 
critical public services where mismanagement or profit-
seeking can result in severe social consequences. 

Given the common need and social benefit that system 
flexibility infrastructure offers, this strategic programme is 
best understood as a ‘public good’ (Abbott 2001). A ‘public 
good’ refers to an essential service or infrastructure that 
benefits society as a whole, where individual use does not 
diminish its availability to others, and where public ownership 
ensures equitable access (Oakland 1987). The transmission 
and distribution aspects of system flexibility (i.e., high-
voltage transmission cables and overhead lines, converters, 
transformers, and substations) could be treated in the same 
way as highways under the Department for Transport (DfT). 
This suggestion is supported in a recent report by Common 
Wealth. They argue:

“If the government is to achieve its target of 
decarbonised electricity system by 2035, it cannot 
leave the transformation of the grid to private 
investment and coordination... Public ownership of 
the grid would instead allow for direct investment 
divorced from the profit imperative, while also 
maximising the power of the state’s risk-bearing 
capacity, planning functionality and structurally 
lower cost of capital to coherently plan and rapidly 
deliver a renewable-ready grid at lower cost to the 
public”

Common Wealth 2023

Once adequate transmission infrastructure has been 
established, there may be an improved business case for 
private investment in large-scale energy storage (e.g., pumped 
hydro, compressed air energy storage (CAES), or grid-scale 
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batteries) due to better integration between generation and 
demand centres. In the meantime, however, expanding the 
scope of the CfD scheme to include support for independent 
storage providers or standalone storage projects could 
provide the investment security needed to accelerate storage 
deployment and enhance system flexibility.

Currently, the CfD scheme supports co-located storage 
facilities, provided they are integrated with a CfD-supported 
generation project and the generator complies with certain 
metering conditions (LCCC 2021). In other words, independent 
storage providers or investments in standalone storage are 
excluded from CfD support. Expanding the CfD scheme to 
directly support a broader range of storage projects, including 
standalone storage, could significantly increase the number 
of storage facilities across the GB market and improve their 
geographic distribution. This would enhance grid flexibility 
and facilitate the integration of more renewable energy.

In January of 2024, the Department for Energy Security and 
Net Zero (DESNZ) initiated a consultation process to assess 
the best options for kickstarting much-needed investment in 
long-duration electricity storage (LDES). DESNZ outlines:

“Following assessment of the shortlisted options, 
our recommendation is that developing a cap and 
floor mechanism similar to that for interconnectors 
is the most appropriate policy to meet our public 
commitment to enable investment by the end of 
2024”

DESNZ 2024d, 17

A cap and floor mechanism would reduce investment 
uncertainty as it guarantees projects a minimum price level 
(floor) for their stored electricity based upon an agreed 
maximum (cap). One of the options under review is whether 
this cap and floor mechanism might be administered through 
the Low Carbon Contracts Company (LCCC) and function via 

“CfD-style contracts” (DESNZ 2024d). 

This report agrees with the consultation response provided by 
Regen that a “cap and floor scheme is the most appropriate 
route for delivering LDES projects” and that there is a role for 
the LCCC in administering such a scheme. (Regen 2024, 5). 
Critically, however, Regen notes that the “LDES cap and floor 
needs to be linked to wider market reform” (ibid). Of this, there 
can be no doubt. 

11.2. Replace System Marginal 
Pricing (SMP).
While enhancing system flexibility, explore alternative spot 
market mechanisms to replace SMP. 

So long as SMP remains the primary pricing mechanism 
for the spot market, the wholesale price for electricity in 
the UK will continue to be driven by the most expensive 

unit of electricity required to satisfy total demand. Given 
the fundamental intermittency of renewables generated 
electricity and the inadequacy of the existing system flexibility 
infrastructure, the marginal unit will likely come from gas-
powered generators for the foreseeable future. Under SMP, 
consumers have not seen the economic benefits implied by 
an increasing share of renewables, which now represent more 
than 40% of the electricity dispatched annually.  

From a consumer perspective, how the CfD ‘payback’ 
currently operates is complex and indirect. Although the 
Low Carbon Contracts Company (LCCC) receives payments 
from renewables generators on CfDs when the market price 
exceeds the ‘strike price,’ the linkage between these CfD 
paybacks and a lowering of consumer electricity bills is often 
opaque. Moreover, there is a degree of economic inefficiency 
in the notion that while wholesale prices are kept high under 
SMP, renewables generators on CfDs return a payment to 
the LCCC who in turn makes payments to suppliers, with 
the expectation that suppliers (under no legal obligation) 
will use those proceeds to lower costs for consumers. Given 
that the cost of wholesale electricity is by far and away the 
largest component of the final retail cost of electricity for 
consumers, identifying structural ways of bringing down the 
wholesale price of electricity is paramount. Relying on an 
expectation that suppliers might pass their payback savings 
onto consumers is insufficient.  

In consideration of three alternatives to SMP – i.e., locational 
marginal pricing (LMP), split market, and pay-as-bid – this 
report suggests pay-as-bid is the most rational and easiest to 
implement. 

11.3. Locational Marginal Pricing 
(LMP)
Locational marginal pricing (LMP), whether zonal or nodal, 
does not fundamentally overcome the systemic issues that 
arise from SMP. Advocates argue it will provide price signals 
at a more granular level, thus directing investment in a more 
precise way. 

According to DESNZ:

“The REMA consultation highlighted that there is 
a need to provide efficient locational signals to 
minimise system costs. More efficient locational 
signals could incentivise generation and flexible 
assets to build in suitable parts of the network, i.e., 
closer to demand and to operate in ways which 
can lower system costs” 

DESNZ 2023c, 6
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Analysis of the GB market by FTI Consulting finds:

“Were nodal pricing to be adopted, the overall 
expected wholesale cost paid by consumers 
would fall by between 9% and 20% depending 
on the scenario and the inclusion of CfDs in the 
cost of electricity… [On the other hand,] the 
benefits to consumers from transitioning to zonal 
pricing reduces the wholesale cost of electricity by 
between 5% and 12% depending on the scenario 
and whether or not we include CfD payments in 
the cost of electricity” 

FTI 2023, 20

Although correct, these arguments may underestimate 
the effect of SMP and/or set aside the ROI implications of 
satisfying system flexibility in any particular zone or node. A 
recent study published in Energy Policy asserts:

“The cost of electricity varies across regions due 
to differences in transmission and distribution 
infrastructure, in addition to location of low/
zero marginal cost electricity production from 
renewable energy sources. As a result, areas 
with weaker infrastructure or low renewable 
deployment may experience higher electricity 
prices”

Lyden et al. 2024, 3

Consider Zone A and Zone B, in a hypothetical LMP setting: 

Zone A satisfies 90% of its total demand from renewables 
generated electricity and relies on gas-powered plants for the 
remaining 10%. In Zone B, renewables-generated electricity 
supplies 50% of demand while gas-powered plants satisfy the 
remaining 50%. Under LMP, the spot market price will be the 
same in Zones A and B at any time renewables cannot satisfy 
total demand. In practice, the wholesale electricity price will 
likely be lower in Zone A, since, during the day and when 
the wind is up, renewables generated electricity may well be 
sufficient to meet total demand. This explains from a systems 
perspective why there is geographic price variation under all 
location pricing schemes. 

Since, in Zone B, the wholesale price of electricity is 
considerably higher than in Zone A, there is a stronger 
incentive to invest in system flexibility in Zone B than in A. 
From a systems perspective, two things bear noting: 

Firstly, from an investment allocation point of view, Zone A 
is now relatively undesirable due to lower wholesale prices. 
This reduces the likelihood that private investors will find 
it worthwhile to invest in further flexibility infrastructure. 
Thus, the level of investment in system flexibility is unlikely 
to change in the short term and, in parallel, wholesale 
electricity prices are likely to remain where they were upon 

the creation of the ‘zone.’ Therefore, the greatest reduction 
in wholesale electricity prices under LMP is determined by 
the boundaries drawn under the model selected rather than 
future investment. 

Secondly, the motivation to invest in system flexibility in Zone 
B is driven by the high wholesale price of electricity in that 
zone. Once additional investment in system flexibility has 
been made in Zone B, the wholesale price of electricity will 
decrease. Therefore, we once again encounter the paradox of 
diminishing returns. The more investment that is made, the 
less attractive future investment becomes. 

Under LMP, there is an incentive from generators and suppliers 
alike to ensure that gas-powered plants continue to be called 
upon to satisfy the marginal unit required to meet total 
demand since this means all generators are paid the higher 
price. Because the highest cost resource sets the price for all 
generators in that zone, gas-powered plants are incentivised 
to remain active even when renewables could meet demand, 
as this ensures higher revenue for all generators. In other 
words, under LMP, the system creates a perverse disincentive 
to forestall or restrict investment in system flexibility 
infrastructure.

A study based on evidence from Texas reports:

“Overall, our analysis presents limited evidence 
that Local Marginal Prices drive location-based 
investment decisions in Texas during our sample 
period. Investments in power plants are complex 
long-run decisions that entail many factors… 
Plant location decisions are also driven by other 
factors such as site availability, transmission access, 
interconnection costs, access to fuel or renewable 
resources, and local regulation and approvals” 

Brown et al. 2020, 128

Will LMP bring down the wholesale electricity price? Yes.

Will LMP encourage investment in system flexibility 
infrastructure? Also, yes. 

Will LMP uncouple the wholesale price of electricity from gas? 
In some Zones, maybe. In most Zones, no.   

Will LMP encourage sufficient investment to establish 
adequate system flexibility infrastructure? No. 

This report suggests locational marginal pricing (LMP) can 
be understood as systems marginal pricing (SMP) operating 
within smaller bounded spot markets. In short, LMP fragments 
the GB market (operating according to SMP) into smaller 
markets, but it does not fundamentally resolve the underlying 
issues of reliance on gas and insufficient investment in system 
flexibility, which are crucial for reducing electricity prices in 
the long term. Although LMP has many merits and is superior 
to the present single market pricing model, this report finds 
that, from a systems perspective, LMP is not the most effective 
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long-term solution for lowering the wholesale price of 
electricity. 

11.4. Split Market Model
A split market model achieves several desirable outcomes – 
principally uncoupling the price of electricity from the price of 
gas and permitting consumers to pay a price for renewables 
generated electricity more reflective of generation costs. 
The UCL Institute for Sustainable Resources has put forward 
a version of a split market they call the Green Power Pool 
(GPP). Essentially, the GPP would aggregate all the electricity 
generated by renewables generators on CfDs and offer this 
supply directly to priority consumers (i.e., threatened industry 
and ‘fuel poor’ households), outside the wholesale market. 
The UCL researchers explain:

“the price to these consumers (either with direct 
contracts or indirect contracts, through suppliers) 
would necessarily be regulated to reflect the cost of 
generation, independent from price developments 
in the wholesale market (with network and other 
applicable costs to be added to produce the final 
retail price of the CfD-derived electricity)” 

Grubb et al. 2022, 6

Straightforward to execute since it relies on the existing CfD 
framework, the GPP is seen as a starting point and ‘proof of 
concept’ for the creation of a separate market for renewables 
generated electricity.

Despite the obvious benefits enjoyed by those consumers 
with access to the GPP, there are certain challenges 
highlighted by systems analysis to such a scheme, or any other 
split market formulation. 

In the first instance, moving to a GPP (or similar) does not 
by itself overcome the inherent intermittency limitations 
of renewables-generated electricity based on nature and 
geography. Although consumers with access to the GPP 
will pay less for the renewables electricity they consume, 
any additional electricity required to meet demand must 
be purchased from suppliers who themselves purchase 
wholesale electricity from the ‘general’ market. Therefore, 
the savings accrued are very much dependent on the time 
of use and where consumers are located relative to areas of 
high renewables generation. Priority consumers in areas with 
higher renewable generation, such as Scotland, or those who 
can shift their usage to times when renewables are more 
abundant, will see greater savings. Others may still face higher 
costs when gas or other non-renewable sources are required. 

Secondly, given the merit order effect, shifting all renewables 
generators on CfDs from the general market into the GPP 
would mean that generators with a higher cost basis may be 
called upon as the marginal unit to satisfy total demand in 
spot markets. The merit order effect refers to how electricity 
generated from lower-cost sources, such as renewables, is 

dispatched first, pushing higher-cost sources like gas to 
the margins. Removing renewables from the spot market 
may result in higher-cost gas plants setting the price more 
frequently. Given the effect of SMP, a spot market with 
fewer renewables generators dispatching supply may 
drive wholesale prices higher. In such a way, the wholesale 
electricity price could very well increase for non-priority 
consumers without access to the GPP, potentially impacting 
affordability. This argument is supported by Citizens Advice 
who note that “stark price differences between the pools 
could be harmful to certain consumers” (Citizens Advice 2023b, 
9). 

Curiously, given the relationship between the merit order 
effect and removing renewables generators on CfDs from 
the spot market, in the short term, a GPP (or similar) may 
increase the business case for gas-powered plants in certain 
locations. This short-term increase in the business case for 
gas could delay the transition to a fully renewable system, as 
investment flows toward gas-powered infrastructure instead 
of renewables or storage solutions. 

These issues aside, a GPP (or similar) might create some 
interesting and potentially advantageous system flexibility 
effects. Since renewables generated electricity under CfDs 
is excluded from the spot market, the price signals from the 
wholesale market for investment in system flexibility become 
more acute. The anticipated ROI and business case from 
transmission and distribution projects increase, as does the 
business case for large-scale storage investment – although 
the focus of this investment would be to connect the grid 
more efficiently to the more expensive wholesale electricity. 

In summary, while a GPP or similar split-market model will 
likely offer short- to medium-term benefits for priority 
consumers and stimulate investment in system flexibility, it 
may introduce trade-offs, including potentially higher prices 
for the majority of consumers, a short-term boost for gas-
powered generation, and irregular or regionally-skewed 
investment in system flexibility infrastructure.

11.5. Pay as Bid Model
A pay-as-bid model offers a straightforward and rational 
alternative to system marginal pricing (SMP). In this model, 
generators are paid based on the prices they bid during spot 
market auctions (which account for approximately 30% of the 
electricity traded in the GB market). If their bids are accepted, 
generators receive the price they offered to sell at. This should, 
in theory, make the spot market price more responsive to the 
volume of renewable electricity dispatched at any given time.

Because the spot market price significantly influences the 
price of over-the-counter (OTC) forward contracts (which 
represent the remaining ~70% of traded electricity), a pay-
as-bid model may establish a clearer relationship between 
an increase in renewable generation and a reduction in 
wholesale electricity prices. Pay-as-bid could cause spot 
market prices to better reflect the cost structure of renewable 
generation, which may in turn impact forward contract 
pricing due to the anticipated lower spot prices. For example, 
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under pay-as-bid, an increase in the volume of renewable 
generation (from 40% to 70%) and a corresponding reduction 
in gas generation (from 30% to 10%) could lead to a significant 
decrease in wholesale electricity prices because each 
generator is paid according to their own bid, which reflects 
their lower operating costs.

Under the current SMP model, however, such shifts in the 
generation mix would have little or no impact on wholesale 
prices, as the price is set by the highest-cost generator 
required to fulfil total demand at a given time, most often gas.

Critics of the pay-as-bid auction model often cite ‘tactical 
bidding’ as their primary objection.

11.6. Tactical Bidding
Tactical bidding refers to the practice where generators 
attempt to anticipate the price of the marginal unit required 
to meet demand and raise their bids accordingly. In this 
scenario, lower-cost renewable generators might increase the 
price at which they offer their electricity closer to the prices 
set by gas-powered plants. Critics argue that this behaviour 
would make the pay-as-bid model ineffectual, as it would lead 
to pricing dynamics where generators are paid excessively – 
i.e., in line with the price of the marginal unit. 

For example, the Institute for Government argues:

“there would be no incentive for low-cost 
generators to bid at their true marginal cost. 
Instead, they would bid at the price at which 
they expected the market to clear. If renewable 
electricity generators were aware that demand 
was high enough for gas-fired power stations to 
be required, then they would know they would 
be able to sell their energy at (or just below) the 
marginal cost of gas-fired power stations” 

Bartum 2022

Research from the Tilburg University and Toulouse School of 
Economics echoes this sentiment:

“Our results show that pay-as-bid auctions are 
inefficient. In the short run, producers’ willingness 
to pay exceeds their marginal costs, indicating that 
allocative inefficiency arises” 

Willems and Yu 2022, 20

Decades ago, a study published in the Journal of Economic 
Dynamics and Control reported: 

“The discriminatory [i.e., pay-as-bid] auction results 
in higher market prices than the uniform-price 
auction. This is because market prices are not 
publicly available and agents with a large market 
share gain a significant informational advantage 
in a discriminatory auction, thereby facing less 
competitive pressure” 

(Bower and Bunn 2001, 561

More recently, a study published in Energy Policy confirmed 
this view:

“pay-as-bid auctions may not necessarily reduce 
incentives for strategic capacity withholding and 
collusive behavior, but can even increase them 
when market power is high and demand inelastic, 
which is the case in virtually all energy markets” 

Heim and Götz 2022, 1

Interestingly, although the majority of economic research into 
the relative merits of pay-as-bid has found against this form of 
auction mechanism, there is little empirical research into the 
question. A report undertaken for the New York ISO noted:

“While differences between uniform-price and 
pay-as-bid auctions have been the focus of much 
experimental and theoretical research, actual 
experience has been limited because uniform-price 
auctions are relied upon in nearly all wholesale 
electricity markets” 

Tierney et al. 2008, 18

Part of the difficulty in resolving the issue is that no OECD 
country uses pay-as-bid for their spot markets. Where pay-as-
bid is used, it is the mechanism for settling Capacity Market 
(CM) procurements – i.e., in the United Kingdom, Chile, Italy, 
and France. 

Despite the considerable body of research arguing against 
the pay-as-bid option, this report suggests that the tactical 
bidding/market inefficiency argument is not as persuasive as 
its advocates would have us believe. 

For one thing, critics of pay-as-bid, rarely discuss the role 
that generators on CfDs might have in ameliorating the ill 
effects of tactical bidding. Under the CfD scheme, renewable 
generators have no incentive to bid above the strike price 
since they would have to repay any excess profits. This 
means the CfD strike price effectively sets a ceiling for these 
bids, providing a transparent mechanism that limits tactical 
bidding. Given CfDs are the chief means by which investment 
in renewables generation is stimulated in the UK, as time goes 
on, the prospect of tactical bidding becomes less and less 
likely. 
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Secondly, critics tend to ignore that the GB market is 
competitive and constituted by an enormous number of 
individual generators. In economic theory, tactical bidding 
requires a certain degree of market power available to a 
limited number of participants that can, thereby, supress 
natural competitive tendencies by acting in a ‘price setting’ 
capacity. The tactical bidding argument against pay-as-bid 
assumes a level of coordination and market concentration 
inconsistent with the increasing diversity and competition 
among generators in the GB market. According to the latest 
government figures, 1,313 power stations are operating in 
the UK, owned by 55 separate companies (DESNZ 2023d). 

This considerable diversity is illustrated by Figure 18, which 
presents all 55 GB market participants and their installed 
capacity in MW. 

Although it is correct that the installed capacities of these 
55 companies are not equal, even when considering only 
those participants controlling installed capacity greater than 
1,000MW, the numbers suggest healthy competition (i.e., 17 
participants at this level). Moreover, Figure 17 reveals that 
renewables generators (green) feature prominently among 
this cohort. 

Figure 17. Electricity Generation Companies in the UK with Greater than 1,000 MW installed Capacity (red = fossil 
fuel; green = predominately or wholly renewables).  

 Data source: DESNZ 2023d.

This report argues that while pay-as-bid may well be 
disadvantageous for an electricity market under conditions 
of oligopoly (i.e., a market with a small number of dominant 
players), the same arguments do not pertain to the GB 
electricity market which consists of a large number of 
competing market participants and an ever-increasing 
number of new generators entering under the government’s 
CfD programme. 

At best, the tactical bidding objection seems to imply that the 
pay-as-bid model mirrors what happens under SMP, where 
most generators are paid close to the gas price. This criticism, 
therefore, inadvertently highlights the most pernicious aspect 
of SMP, making it a weak argument against pay-as-bid.

At worst, the tactical bidding argument is simply misapplied 
to the GB market setting. 

In summary, the tactical bidding argument neglects the role 
of the CfD strike price in stabilising bids and underestimates 
the competition for market share between the growing 
number of renewables generators in the GB market.
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Figure 18. Electricity Generation Companies Operating in the United Kingdom by MW, in 2022. 

 Data source: DESNZ 2023d.  
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12. Further Research
Based on the systems analysis of inflated price formation 
undertaken in this report, is it evident that further research is 
required across two critical areas:

	■ 1. Alternatives to system marginal pricing as the price-
setting mechanism in the spot market;

	■ 2. Effective means of enhancing system flexibility 
infrastructure.

SMP is a profound systemic barrier to affordable electricity in 
the United Kingdom. What is less clear is what investment and 
market efficiency impacts may result from replacing SMP with 
a price-setting mechanism such as pay-as-bid. Research is 
required to evaluate pay-as-bid as an alternative to SMP in the 
context of the GB market, and assess possible investment and 
market effects. 

It is critical, however, that this research be undertaken from a 
whole system perspective and based on prevailing GB market 
dynamics. For example, the interaction between the contracts 
for difference (CfD) scheme, generators on strike prices, and 
a pay-as-bid auction regime must be considered. Moreover, 
any modelling of pay-as-bid effects must pay due attention 
to the number and diversity of market participants in the 
United Kingdom. In 2022, 1,313 power stations were operating 
in the UK, owned by 55 separate companies. 6 of the 17 
largest electricity-producing enterprises are predominantly or 
exclusively renewables-generating. It is insufficient to rely on 
economic axioms and orthodox market theory alone. Future 
evaluation must be based on real-world conditions and 
system dynamics.  

The following research questions are suggested:

	■ 1. What are the wholesale electricity price impacts of a pay-
as-bid model in a market with 55 competing participants?

	■ 2. What are the wholesale electricity price impacts of a pay-
as-bid model in a market with participants on CfD strike 
prices?

	■ 3. What are the wholesale electricity price impacts of a pay-
as-bid model in a market with 55 competing participants, 
many of whom are on CfD strike prices?

	■ 4. How is the propensity for tactical bidding under a pay-as-
bid model affected by generators on strike prices?

	■ 5. How is the propensity for tactical bidding under a pay-
as-bid model affected by an ever-increasing number of 
generators entering under the CfD scheme?

	■ 6. What is the likelihood or opportunity for tactical bidding 
under a pay-as-bid model in a market with 55 competing 
participants?

	■ 7. What investment impact might be attributed to a pay-as-
bid model in a market with 55 competing participants and 
an ongoing CfD scheme?

	■ 8. How much of the investment in renewables generation 
over the past 5 years can be attributed to the presence of 
SMP?

	■ 9. How would investment in renewables generation over 
the past 5 years have been affected in the absence of SMP 
(and, assuming a pay-as-bid model)?

Without adequate system flexibility infrastructure, the UK’s 
supply of renewables electricity will remain intermittent 
and insufficient – i.e., at the mercy of nature and geography. 
Consequently, more expensive (often gas-powered) 
generators will continue to be called upon to fulfil total 
demand, resulting in unnecessarily high wholesale prices. 
The issue of flexibility investment responsibility, however, is 
an outstanding question. From a systems perspective, this 
report has argued that under SMP there appears to be little 
motivation for generators to make these investments or to 
engage meaningfully with private enterprises considering 
independent investment. Under conditions of inadequate 
system flexibility, generators receive higher prices. Therefore, 
SMP is argued to act as something of a perverse disincentive 
for flexibility investment from market players benefiting from 
higher prices. 

Furthermore, private direct investment is likely to prioritise 
the most profitable flexibility projects at any given time and 
avoid those undertakings that, although demonstrating a 
lesser business case, are, nevertheless, critical infrastructure 
requirements (e.g., high CapEx transmission infrastructure, 
energy storage, grid enhancements, or smart technologies). 
Moreover, the paradox of diminishing returns suggests there 
comes a point within every system where further investment 
in flexibility would reduce the ROI on future and existing 
projects. This could lead to ongoing costs for consumers 
as private investors seek to ensure their ROI — essentially, 
shifting the burden from system operators to end users. Such 
a dynamic generates the opposite outcome than desired from 
flexibility. System flexibility ought to bring down electricity 
bills, not create new and ongoing consumer costs. 

An entirely different approach would be for society to consider 
flexibility infrastructure a ‘public good,’ and for government 
to assume responsibility for its investment and management. 
Under such a paradigm, investment could be allocated 
according to social need rather than private profit, and the 
government might secure a means of generating ongoing 
revenue to offset its expenditures.   

Research is, therefore, required to determine whether system 
flexibility is better understood as a ‘public good,’ and whether 
the investment in system flexibility ought to be a public 
responsibility. The following research questions are suggested:

	■ 1. What infrastructure investment (i.e., transmission, 
distribution, and storage) is required for the GB market to 
achieve adequate system flexibility? (‘adequate’ defined as 
renewables generated supply meeting total demand)

	■ 2. What impact would adequate system flexibility have on 
wholesale electricity prices? 

	■ 3. What impact would adequate system flexibility have on 
consumer electricity bills? 
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	■ 4. What is the business case and expected ROI of all the 
various system flexibility projects required to achieve 
adequacy?

	■ 5. How is the business case and expected ROI of system 
flexibility projects affected once adequate system flexibility 
infrastructure has been achieved?

	■ 6. What level of consumer revenue is required for each of 
these system flexibility projects to maintain their necessary 
ROI under a private investment framework? 

	■ 7. How much additional consumer cost is added to the GB 
market if the required investment in system flexibility to 
achieve adequacy is undertaken by private investment?

	■ 8. What is the net impact investment in adequate system 
flexibility might have on consumer electricity bills, 
considering the additional consumer cost added to the GB 
market under private investment?

	■ 9. If investment in adequate system flexibility was 
undertaken at public expense, what future government 
revenues might be expected to offset this cost?
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13. Objections & Replies
What follows are replies to certain objections received during 
this report’s peer-review process (September 2024). Readers 
may find these objections resonate with some of their 
reservations, or that the replies clarify certain aspects of the 
report.

Objection 1:

You’ve written that the marginal price is the 
highest price to meet system demand. It is in 
fact the lowest price needed to meet demand, 
since meeting demand consists of a “stack” of 
generators of different costs. All generators that are 
more expensive than the marginal price don’t get 
dispatched.

Reply 1:

This appears to be an issue of semantics. Are we talking about 
the ‘price of the marginal unit’ or the ‘marginal price’ set by 
the cost of the last unit required to meet demand under SMP? 

The marginal price is the highest price required to meet 
demand, not the lowest. It represents the cost of the last unit 
of electricity needed to satisfy total demand at that time. 
The lowest prices at any given time come from the cheapest 
generators (like renewables). However, these low-cost 
generators do not set the market price unless they are the 
marginal unit. 

On the other hand, the price paid for the marginal unit 
might be considered the ‘lowest price,’ but only if it is being 
compared to bids outside of the cleared auction. In other 
words, the idea that the marginal unit is the ‘lowest price 
needed to meet demand’ relies on one thinking not only of 
the ‘stack of generators’ required to meet demand but also 
of those generators that were not required and therefore sit 
beyond the demand curve. 

While the following analogy simplifies how electricity markets 
operate, it nevertheless helps illustrate pricing dynamics under 
SMP and how it distorts the market by overcompensating 
cheaper generators:

Imagine you go to the fruit market on a Sunday morning 
looking for ten (10) apples. You find one vendor with nine (9) 
apples who’s happy to sell them to you at £1 each. Needing a 
tenth apple, you look around and see another seller who has 
apples for £4. Thinking this a little steep, you continue your 
search and come upon an apple seller with fruit at £8 a piece. 
Begrudgingly, you return to the £4 vendor and agree to buy 
your final apple from them. Having made this decision, you 
are surprised to find that you must now pay £4 for each and 
every apple you buy, not merely the 10th that was the last 
one you needed. You end up paying the £1 apple seller a total 
of £36, which is £27 more than they were originally asking. In 

such a situation, do you feel that the price you paid was the 
‘highest’ required to meet demand? Or, are you comforted by 
the presence of the £8 apple merchant you didn’t deal with 
that you paid the ‘lowest’ price required to meet demand? 

Objection 2:

You’ve written that renewable generators get 
paid a price set by gas. Increasingly, renewable 
generators are paid under a Contract for Difference 
with the government. That sets a fixed price (‘strike 
price’) that the generator gets every time it’s 
dispatched, for the first 15 years of its operation. 
So, when the system marginal price is higher than 
the strike price, renewable generators pay back 
(reducing consumer bills); and when the marginal 
price is lower than the strike price, they get a top 
up (paid out of consumer bills).

Reply 2:

In theory, the payback mechanism under the CfD program 
is intended to reduce consumer bills. Indeed, Regen reports 
that in 2022, renewables projects with CfDs “paid back over 
£357 million to reduce consumer bills” (Gowdy 2023). The 
frustration, of course, is that in 2022, consumers paid far more 
for their electricity, not less. Although one might argue that 
were it not for the CfD scheme consumers may have paid 
even more over this period, this report seeks structural ways 
to bring the consumer price of electricity down, not simply to 
moderate its inflation. 

This fundamental issue is that the linkage between the 
payback funds that generators pay to the Low Carbon 
Contracts Company (LCCC) and a reduction in consumer 
electricity bills is indirect and opaque. Although the LCCC will 
make a quarterly reconciliation of excess payments made 
under the CfD scheme and remit these funds to suppliers, 
suppliers are themselves under no legal obligation to pass 
these savings onto consumers. Moreover, CfD payback 
funds do not lower the wholesale electricity price (the most 
significant component in the final consumer cost of electricity) 
directly. Although CfD charges (which support CfD the 
scheme) are included in the wholesale electricity price – and 
these charges can be adjusted when Ofgem determines 
its energy price cap – the CfD payback made to suppliers 
does not impact the wholesale market price itself (which is 
predominately determined by spot markets driven by SMP). 

From a systems perspective, so long as the wholesale 
electricity price is determined by the SMP mechanism it will 
remain artificially high. Because the wholesale electricity 
price is the largest component of consumer bills, keeping 
it high will continue to result in inflated prices, regardless of 
CfD paybacks. And, provided the CfD payback is made to 
suppliers on the expectation that they pass these savings 
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onto consumers, the linkage between the CfD payback and 
consumer savings remains unconvincing. 

Objection 3: 

Since wind and solar generators’ dispatch is 
influenced by the weather and not by market 
prices (with some extreme exceptions), changing 
the marginal generator from gas to some other 
form of flexibility (e.g. batteries) won’t change the 
amount of renewables that’s dispatched. What 
would change it is having flexibility that maps 
across to renewables’ availability and their location, 
to maximise the capacity of the system to “absorb” 
renewables.

Reply 3:

This report doesn’t advise a binary choice between the 
transmission and distribution and the storage aspects of 
system flexibility. Both are required due to the limits imposed 
upon renewables generation of nature and geography. 
Even with perfect transmission and distribution, the natural 
(weather, sunshine, etc.) factors would continue to limit 
renewables capacity to fully satisfy total demand. No amount 
of transmission and distribution flexibility can help the system 
‘absorb’ electricity that isn’t being generated (consider evening 
periods when wind velocity is low). 

Flexibility infrastructure like storage, on the other hand, 
helps maximise dispatch and overcome the intermittency 
of renewables generation by storing excess energy during 
peak generation and releasing it during low-generation 
periods. Therefore, the architecture of a system of adequate 
of flexibility requires storage (e.g., batteries or hydro) to 
complement its transmission and distribution infrastructure. 

Furthermore, if storage investment is made in an area with 
intermittent renewables generation, it ought to be clear 
that a greater volume of renewables generated electricity 
will be dispatched. Any time a storage facility is called upon 
to supply electricity during periods of low generation, that 
storage facility will immediately demand further renewables 
electricity to replenish its stores in anticipation of the next 
period of intermittency. The only way a storage facility would 
not increase the total amount of renewables electricity 
dispatched in an area is if it is never called upon for supply. 
The quantity of additional renewables electricity dispatched 
to any location will be directly proportionate to the storage 
capacity created through the investment and the prevailing 
level of intermittency. 

Therefore, the optimal solution for adequate system 
flexibility is a holistic approach that includes investment in 
both transmission and distribution infrastructure, as well 
as strategically deployed storage – enabling the system to 
absorb and dispatch as much renewable electricity as possible. 

Objection 4:

SMP is not perverse: it may be counter-intuitive but 
it is the only economic measure that gives effective 
marginal incentives to produce or consume. SMP 
gives swings of price including negative prices at 
times of abundance (and these are increasing in 
frequency)

Reply 4:

While SMP is not itself perverse, it does generate certain 
perverse incentives and disincentives in the system.  

First and foremost, SMP incentivises the system to retain more 
expensive forms of generation as the marginal unit required 
to meet demand. This is because the higher the price of the 
last unit of electricity required to meet demand at any given 
time, the more all generators dispatching into the system are 
paid. This dynamic raises questions about the pace at which 
the system will transition away from fossil fuel generators, as 
their presence drives up profits for all generators, particularly 
those not on CfDs.

Second, SMP may discourage investment in system flexibility. 
Increased flexibility tends to lower wholesale electricity prices. 
Given that many market participants currently benefit from 
higher wholesale prices, they may be reluctant to invest in 
measures that would reduce these prices and potentially 
lower their profit margins.

According to economic theory, it is not clear that SMP is 
the ‘only economic measure that gives effective marginal 
incentives to produce or consume.’ 

Under alternative models (such as pay-as-bid, for example), 
the marginal producer is paid the same price as they 
would be under SMP.  Alternative models (such as pay-as-
bid), therefore, still provide marginal producers with similar 
incentives to produce. Moreover, the volume of electricity 
demanded by the grid is driven by system needs, not by the 
pricing mechanism per se. This appetite is not determined by 
whether all generators are paid a uniform (as under SMP) or 
discriminatory price (as under pay-as-bid). Consider that lower 
wholesale electricity prices under models like pay-as-bid 
may increase demand, as consumers would face lower costs. 
The incentive to consume might, therefore, be higher under 
alternative pricing models.

Objection 5: 

The volatility of SMP is a driver for investment in 
storage as well as demand side flexibility: SMP isn’t 
bad for these, it is good. (your indirect feedback 
loop ignores the more direct impact).
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Reply 5:

There is a paradox associated with high wholesale electricity 
prices as a signal for flexibility investment. Increased flexibility, 
particularly storage, introduces more low-cost generation 
into the supply, which, according to the merit order effect, 
leads to a reduction in wholesale electricity prices. This, in 
turn, diminishes the return on investment (ROI) for both future 
and existing flexibility projects. To offset this diminishing ROI, 
flexibility providers may be forced to raise consumer costs, 
undermining the economic benefits this infrastructure is 
supposed to deliver.

Furthermore, when discussing flexibility infrastructure under 
SMP, the key issue is the need for adequate flexibility, not 
just nominal investment. While high wholesale prices may 
attract some investment, it will always fall short of adequacy. 
Achieving adequate flexibility would reduce the ROI on 
flexibility projects to near zero unless consumer costs are 
increased to maintain profitability.

In summary, given the market price for electricity will continue 
to be driven by fossil fuel generators until adequate system 
flexibility has been achieved, while, simultaneously, adequate 
flexibility erodes the investment rationale for said investment, 
although SMP volatility may directly initial investment, the 
negative feedback loop within the system prevents this 
investment from reaching the level required for system 
flexibility adequacy. 

Objection 6:

You omit the point that heating is inherently 
flexible and if heat pumps could be deployed and 
operated in a way which maximises consumption 
in cheap hours and minimises consumption in 
expensive hours (and also offering short term 
frequency response) then heat pumps could 
become part of the flexibility solution

Reply 6:

Heat pumps should be part of the flexibility solution, but 
given their present rate of adoption that scenario is a near-
term challenge. This creates something of a catch-22: while 
heat pumps could enhance system flexibility, the existing 
electricity pricing structure limits their immediate contribution.

Although heating is flexible insofar as demand fluctuates 
throughout the year, and varies depending on when 
people are indoors and what they are doing— heat pump 
performance also varies depending on if it operates in a 
‘constant’ or ‘intermittent’ mode. Heat pumps tend to operate 
more efficiently when maintaining a constant level of heating 
rather than cycling on and off. Additionally, electricity tends 
to be most expensive during times of peak heating demand, 
creating a challenge for aligning heat pump operation with 
cheaper electricity periods.

Ultimately, as this report suggests, the most effective way to 
accelerate heat pump adoption and integrate them as part 
of a flexibility solution is to reduce the wholesale price of 
electricity.
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