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Summary — Decarbonising
Heat Synthesis Report

Heating our homes is important for our health and wellbeing, and while there
is recognition of the need to stop using fossil fuels, many are happy with the
current gas central heating systems. With only 5% of homes currently using
clean heating systems, few people are aware of the alternatives and the benefits
they could bring. Yet, over the next 25 years, most of the 29 million homes in
the UK will need to switch to a new heating system.

Huge investment is needed in national

and local energy infrastructure, along with
developing the new skills to design and fit
the new heating systems. Building new
manufacturing capacity for the equipment
presents an economic opportunity to replace
the UK’s world-leading boiler industry. But
these decisions are dependent on which
heating technologies are deployed and

how quickly, and, in particular, the cost and
constraints on retaining the gas network. The
efficiency of heat pumps and heat networks
means they have the potential to reduce
energy demand and lower energy bills to
consumers. This has wider impacts on the
energy system and national energy security.
In contrast, hydrogen is expected to increase
overall energy demand.

How the transition is funded could have
significant social and economic impacts. The
upfront cost of some clean heating options
raises concern, but public acceptance is likely
to depend on fairness and ensuring that those
who need it most are able to benefit. Many
people feel that the energy companies and
government should do more to support the
transition. Providing grants to cover installation
costs enables households to benefit from the
lower running costs which in turn could put
money back into the wider economy.

Different options require different approaches
— a top-down market led approach does not
work for all options. Capturing the benefits of
heat networks, and possibly even hydrogen,
will mean devolving powers to the local and
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regional authorities where significant decisions
and interactions will need to be made.

Over the last five years, UKERC's independent
analysis has delivered valuable insights into
the diverse factors that need to be addressed
in order to accelerate the decarbonisation of
heat. This synthesis report brings together
the findings.

Three clear and common conclusions emerge
from across the work. They are closely
interrelated and emphasise the need for a
long-term coordinated approach thatis in
line with the scale and time constraints of the
challenge and brings together the economic,
social, technical and governance aspects.

® A long-term plan is crucial: it must be
realistic about the timeframes and the scale
of investment and financial support that will
be needed.

- Mobilise the investment in the
energy infrastructure, technology
manufacturing and skills that will
be needed.

Lead the narrative — raise awareness of
the importance of decarbonising heat
and the options available.

Support mechanisms need to be realistic
about the future costs of heat pumps
and incorporate the public attitudes into
the design of interventions.



- Realistic about the future of the gas
network and the limitations and
uncertainties of using hydrogen for
domestic heating.

- Balance electricity and gas prices to
ensure energy bills reflect the energy
efficiency gains of using a heat pump.

® Provide a clear governance framework,
which enables local and regional authorities
to lead the transition.

— Decarbonisation of heat is widely
recognised as a local issue. Local
authorities need to be empowered
to engage with communities and
businesses to facilitate the planning
decisions and implementation.

- Local authorities will need support to
build the capability and capacity to
undertake technical assessments to
identify suitable options for the houses
and communities.

- Local energy infrastructure will require
investment and upgrading. Energy

companies will need to interact with
local and regional energy authorities to
facilitate planning and decision making.

Facilitate shared learning between the
local authorities through consistent rules.

Engage the public — the transition will
require a large majority of households to
make changes to their heating systems.
Developing the transition around an
understanding of what is important

is likely to be important in ensuring
public acceptance.

Raise awareness of the technologies
and provide clarity about their potential,
to ensure customers are adequately
involved in the decision making.

Engage the public in decision making.
This is important at a local level where
local energy plans are being developed,
particularly for heat networks.

Policy making and design of

interventions should be based on an
understanding of public attitudes.
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The Challenge of Heat

A major theme for UKERC’s Phase 4 programme was the transition to low
carbon heat. Taking a multi-disciplinary approach, it addressed the issue from
a number of research perspectives: the core technical and operational aspects;
the economic impacts of transforming the heating industry; the implications
for governance at a local and national level, including an international
comparison; and understanding the response from the public.

The range of perspectives suggests that
decarbonising heat presents unique and
significant challenges compared to other
transitions in the energy system. UKERC'’s
independent research provides a robust
evidence base to inform the bold policy
decisions that need to be made. Achieving
an efficient, low-cost heating future will
see a range of solutions being deployed.
As the findings illustrate, this will require a
coordinated set of interventions and cannot
be delivered solely through a top-down
market approach.

During Phase 4 UKERC produced a wide
variety of research regarding aspects of

the heat transition. Each provides valuable
evidence and insights that have been used
by policymakers, national and local, industry
and academia, to inform decisions and the
wider debate.

This synthesis report draws out the key
conclusions from the various perspectives: the
need for a clear long-term plan, a governance
framework that empowers local and regional
decision-making, and, critically, engages the
public and responds to their concerns. These
three highly interdependent conclusions were
common across all the strands of work and
were dependent on a clear understanding

of the technologies that will be needed.

The report draws on an extensive literature
review and supporting interviews. Each

area of research presents important insights
and findings about the transition to low
carbon heat.
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Heat in the UK

Decarbonising residential heat presents one
of the biggest challenges for tackling the UK’s
carbon emissions.

Residential heating accounts for 17% of the
UK’s carbon emissions?, with 85% of homes
connected to the gas grid?, accounting for 34%
of annual gas demand (DESNZ, 2024a). Every
year 1.6-1.7 million new gas boilers are sold3.
Low carbon heating systems currently account
for only 5% of total heating demand*. The UK
also has some of the least energy efficient
housing stock in northern Europe.

Most of the UK’s 29 million households will
be affected by the transition over the next 25
years. Yet, as UKERC’s work shows, people
generally regard tackling how they heat their
homes as a lower priority than transport

and recycling®. While support for addressing
environmental concerns appears to be strong,
making the switch to a clean heating system
in their home raises a range of concerns.
Understanding these concerns are important
for developing interventions.

Decarbonising residential heating will lead to
a complete shift in the technology being used
and the infrastructure needed to supply the
energy. A mix of technologies is expected to be
deployed, the majority of which are expected
to be either electric heat pumps or local heat
networks®. Disconnecting these consumers
from the gas grid and switching them onto
either the electricity supply system or a local
heat network will require investment in the
energy infrastructure and management of the
declining demand for gas. Furthermore, the



shift in energy demand will change how the
energy networks operate, with potentially big
variations between summer and winter.

Very different approaches and policies are
needed to support the deployment of heat
pumps and heat networks. While heat

pumps can be incentivised through top-down
market interventions, heat networks require

a decentralised approach with decisions

and planning made locally, drawing on local
knowledge and engaging with communities to
raise awareness and develop solutions that are
suitable for the specific area’.

New skills and expertise will be needed across
the industry, to manufacture, design and install
the new technologies in nearly every home
and building.

Mixed progress

Progress is mixed across the nations of the UK,
but the pace of change overall lags behind the
scale and urgency of what is needed to meet
decarbonisation targets. National support
mechanisms are fragmented and too short
term, and investment risks being disrupted and
delayed due to ongoing uncertainty about the
use of hydrogen in the gas network®. In 2021,
the Heat and Building Strategy set a target

of installing 600,000 heat pumps per year by
2028; by 2022 only 54,000 heat pumps had
been installed®. To meet the climate targets,
the Climate Change Committee recommended
the rate will need to reach 1.9 million per

year by 2035%°. Heat networks, which are
more complex to deploy, might supply up to
19% of heat energy, but currently deliver 3%,
having risen from 2% in 20151, Furthermore,
the delay in banning new build houses

from connecting to the gas grid, from 2016

to 2025%?, means that these properties will
have to be retrofitted in the future.
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Imposing a ban presents a clear opportunity
to illustrate the direction of travel for the
future of heating, and energy use more widely,
whilst also creating a market for the new
technologies. Scotland introduced the ban in
April 202413,

More progress has been made in the devolved
nations, particularly Scotland, where the

Heat in Buildings Strategy 2021 sets out
approaches for public engagement, along with
a requirement for local authorities to develop
Local Heat and Energy Efficiency Strategies by
2023, However, their progress is constrained
by UK-wide policies that are decided by central
government, including balancing gas and
electricity prices, and making a decision about
the future of the gas network?®,

Efforts across England are more fragmented
and inconsistent as there is a lack of clarity
about delivery and the role of local and regional
authorities?®. Progress has been made more
recently including the Energy Act 2023, which

brought regulation of heat networks into
Ofgem and made provision to implement heat
network zoning in England'’. Regional whole
system planning across electricity, gas and
heat networks, including working with local
authorities, was given a boost with Ofgem
introducing the new Regional Energy Strategic
Planners (RESPs)*®.

The UK can learn from the progress being
made in the Netherlands. With 90% of
households connected to the gas grid it ranked
just above the UK as having the highest gas
dependency for heating across Europe and
the OECD. However, it has put in place targets
for decarbonising heating and implemented

a governance framework focussed on local
and regional authorities!®. Since banning new
build from connecting to the gas grid in 2018,
70% of new homes have heat pumps installed,
boosting the market and allowing the sector to
scale up and develop the necessary skills and
supply chains?°.

Box 1: Heating options

different incentives and interventions.

Two heating systems are expected to meet a majority of the demand, but they require very

Heat pumps are expected to make up a large proportion of the low carbon heating systems
installed, replacing gas boilers. Heat pumps provide individual heating solutions and can
replace a gas boiler, whereas heat networks deliver an area-based or whole building
solution. Heat pumps are highly energy efficient compared to a gas or hydrogen boiler,
using roughly one-third of the energy to deliver the same heating?’. In addition to reducing
the overall energy needed for heating, heat pumps have the potential to cut energy bills.
However, as discussed above, this is dependent on the relative price of gas to electricity.
The recent high energy prices have meant that electricity has been close to five times the
price of gas, making the running costs of heat pumps higher than gas boilers. Reforms to
gas and electricity prices will be critical in delivering lower energy bills to consumers.

Heat networks work best with higher density of heat demand. Heat zoning arrangements
in development in Scotland and England (and under consideration in Wales) will indicate
areas of greatest potential. Plans for these areas will need to engage with local residents
so they are aware of the benefits and to resolve any concerns.

Alongside changing the heating systems, improvements will be needed to the energy
efficiency of many homes to ensure they benefit from improved comfort and lower energy
bills?2. Upgrades to the building fabric could be delivered when the heating system is
installed, but this will depend on the advisors and the funding available.
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The Need for a Long-Term

Perspective

A common message from across the UKERC outputs is that addressing heat
requires setting out a long-term plan that fits with the scale and urgency of
the challenge and is based on what we know about the technical, economic,
financial and social aspects of the transformation. Investment is needed in
local and national energy infrastructure and to develop the supply chains to
build the technologies. A new skills base is needed that can deliver high quality
installations, which deliver the performance improvements, and are deployed at
a scale that will ensure installation targets are achieved.

Stimulating these needs clarity and assurance

of funding and the economics of energy supply.

UKERC's analysis highlights the economic
opportunities from building a domestic
manufacturing capacity, whilst providing a
realistic assessment of the technology costs?3.
It emphasises the need to press ahead with
ensuring rapid deployment of deploying
technologies that are known to work, such

as heat pumps and heat networks, and avoid
letting these be delayed by the uncertainties of
hydrogen and the future of the gas system?“.

An essential part of the long-term plan is to raise
awareness of the need to decarbonise heat.

While the public are supportive of moving
away from fossil fuels, the priority people
give to addressing heat does not match

its significance in terms of its importance
to decarbonisation?®. Knowledge of the
technology options is low among the public
and the heat installation sector alike.

Decarbonising heat is politically challenging,
made more complex by the current high
energy prices. Future heating options have

the potential to reduce energy bills, improve
energy security and decarbonise heating, but it
requires a long-term multi-disciplinary plan?®.
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Investment in
infrastructure and the
supply chain

Over the next 25 years, low carbon heating
will shift from being primarily gas-based to a
majority using electricity to power heat pumps.
Investment will be needed in local energy
infrastructure and consequently on the national
energy supply systems. Decarbonisation

of heat is highly dependent on public

policy decisions, which in turn has a strong
influence on investments in national energy
infrastructure. Uncertainty in the public policy
decisions for decarbonising heat will affect the
cost of investment in renewable generation
and the wider energy system?’.

In addition to changes in the energy networks
to each household, there will be a shift in the
equipment used. A huge opportunity exists
to build manufacturing capacity within the
UK for the technologies that will be needed
for the transition. Currently 75% of gas
boilers installed are manufactured in the
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UK?Z8, It is unclear whether manufacturing
companies will switch this capacity to the
new heat technologies. Heat pumps are a
globally mature technology and could easily
be imported to meet the growing demand.
Analysis by UKERC indicates that investing in
heat pump manufacturing capability, and their
ancillary components, will be a critical factor
in the cost of the transition, bringing benefits
to national and regional GDP?°. Furthermore,
building domestic capability enables heat
pumps to be better tailored to the market,
and is important in developing skills within
the sector.

Investment will also be needed in the
construction industry to build the capacity for
retrofitting buildings. UKERC research found
that the construction sector was not keeping
up with the energy sector in terms of being
prepared for the energy transition®°.

Transitioning to new heating technologies
will require building up the skills, capability
and capacity to meet demand, but in a way




that will ensure confidence and trust in the
new systems. Attention is also needed to

how to transition the existing work force and
industries to ensure that the economic benefits
are realised in an equitable manner.

An area of uncertainty that is affecting
investment is the possible role of hydrogen
for decarbonising heat. While the potential
of heat pumps and heat networks is largely
understood, trials are underway to determine
the safety and suitability of hydrogen. A
decision as to whether hydrogen will be
considered a viable option is not expected
until 2026. However, these trials have either
been scrapped or delayed due to public
mistrust of the process and the companies
involved and concerns about safety raised by
the participants3..

Even if hydrogen was permitted in 2026
uncertainties remain about the price of the
hydrogen supplied to customers, and the
capital cost of repurposing the gas network:
it may be some time before there is a clear

understanding of the potential scale of
hydrogen deployment (see Box 2: Hydrogen)32.

In the meantime, it creates uncertainty for the
deployment of other options, at a time when
the scale and urgency of the challenge requires
clear decisions. UKERC'’s work highlights the
need for efforts to focus on deploying known
and cost-effective technologies, such as heat
pumps and heat networks33.

UKERC has also identified concerns that
hydrogen is being promoted by the incumbent
gas providers, to support repurposing the gas
grid3*. Surveys indicate that this is undermining
the trust of the public, as it conflicts with the
narrative of reducing fossil fuel use3.

Box 2: Hydrogen

increasingly controversial.

residential energy bills.

alternatives were available3.

Hydrogen has risen up the agenda as an option for residential heating, but it has become

Analysis of the role of hydrogen in residential heating highlights that much of the supply

of hydrogen is likely to come from natural gas. Inherent inefficiencies of producing blue
hydrogen, extracted from natural gas along with the cost of disposing of the carbon
dioxide produced, means that household energy bills for heating will rise, as the unit cost of
hydrogen supplied to homes will have to increase relative to natural gas. While the capital
cost of boiler installation may be lower, the ongoing costs are, as yet, uncertain.

More broadly, hydrogen will also have wider impacts on where the primary energy comes
from, and the infrastructure investment required to support it. Furthermore, the continued
use of gas will affect the UK’s energy security. Producing green hydrogen, from renewable
electricity, offers some system benefits. However, the inefficiencies in the production
process mean that each unit of heat provided in a home using hydrogen will use several
times more electricity compared to using a heat pump; with consequential increase in

Trials proposed to demonstrate hydrogen heating technologies in small communities
have either been scrapped altogether or delayed due to disagreements about what safety
measures were needed. While some members of the communities reportedly welcomed
being part of the trial others felt like ‘lab rats’ for the new technology when known safe

The Need for a Long-Term Perspective ¢ 09



Invest in skills

Investing in skills is critical to ensure the
capability to design and install the new
technologies and the capacity to meet the
scale of demand that is needed. Investment in
skills for installation and improving the energy
efficiency of the housing stock will create jobs
across the UK for several decades. Analysis
indicates that the sector could create the most
jobs per unit of investment®”.

Training and apprenticeships will be needed
to develop the specialist skills and knowledge
associated with low-carbon heating
technologies. The current capacity building

is far behind the required scale to meet the
anticipated demand. Investment in skills
needs to anticipate demand, but investment in
retraining for heat pump installations is being
held back by the weak demand from customers
and uncertainty about the future of the gas
network and the potential role of hydrogen:
evidence shows that hydrogen heating has
been actively promoted to engineers in

the sector?®s,

A lack of awareness and detailed knowledge
amongst the current heating installation sector
means that they are unable to provide advice
and options to the public about the low carbon
alternatives. Switching is therefore restricted
to those customers who have the time and
resource to research alternatives and find the
opportunities for support funding®®. Customers
faced with changing their system are therefore
unlikely to be presented with alternative to a
replacement gas boiler. Where heat networks
might become an option, or even hydrogen
might be offered, a customer should be able

to expect a heating services company to be
able to provide insights into the full range

of options. Such local knowledge will be an
important part of local area planning (see
section below).

A skilled workforce is vital to ensure that
quality of the installation and its operation
meets the advice and expectations given to the
customer. Ensuring that the system delivers
factors such as improved thermal comfort and

10 e The Need for a Long-Term Perspective

lower energy bills will depend on the system
design and on the advice given to customers
on how to operate the system. Meeting
expectations is vital for building trust in the
low carbon heat transition. It is important to
note that the advice given should recognise
that delivering lower energy bills is highly
dependent on the relative prices of electricity
and gas (see below), to avoid negative stories
perpetuating in the media.

Standards for installations and certification of
expertise will be an important part of building
trust. Interviews with the public highlighted
that customers want reassurance that the
installation they have chosen will not become
outdated or expensive*°,

Pricing of gas and
electricity

A significant factor affecting the ability to
deliver cost savings when switching from a gas
heating system to an electric heat pump is the
relative prices of gas to electricity.

Heat pumps could reduce the energy
consumed to heat a home by up to 40%, as
the technology is about three times more
energy efficient than a gas boiler*!. However,
the price of electricity is considerably higher
than gas, and the variability between the two
means that switching to a heat pump may

not lead to substantially lower energy bills.
Electricity prices are largely determined by the
cost of generation from gas. Recent high gas
prices have pushed up electricity prices to 5
times more expensive than gas, making heat
pumps more expensive to run, and therefore
less attractive*?. Analysis by UKERC indicates
that heat pumps are cheaper to run if the price
differential for gas to electricity is below 1:3.59
(see Figure 1)*3.

Reviewing the market mechanisms and policy
interventions that determine the price of
electricity will be an important determinant of
the attractiveness of heat pumps. Furthermore,
modelling showed that as electricity prices



are lowered the financial savings from running
a heat pump could be spent on other goods
and services, bringing wider benefits to

the economy*4.

Future heating options offer the potential to
reduce overall energy demand of the home.
Not only could this mean lower energy bills
for consumers, but switching to electricity
will reduce dependency on gas imports and
improve national energy security. Reductions
in energy in overall energy demand can be
enhanced by upgrading the building fabric,
to reduce heat loss. This will also have direct
benefits to the household, through reduced
bills and comfort.

It is worth noting that if hydrogen is approved
for heating in homes there is uncertainty
about its unit price as it will be produced from
neither electricity or natural gas. Efficiency
losses in these processes will make the unit
of hydrogen energy more expensive than the
initial fuel. If natural gas is used the hydrogen
could be a third more expensive. Although, if
a sufficiently high carbon price is applied to
the natural gas, and abatement technologies
are used to lower the carbon emissions, then
the hydrogen produced could be cheaper than
the initial fuel*®. Defining the cost of hydrogen
produced from electricity is more complex as

the costs and unit price electricity vary greatly.

By contrast, heat pumps use the electricity
directly and their high efficiency makes this
much cheaper than converting the electricity
to hydrogen.

Financing

Heat pumps are expected to be the primary
means for decarbonising residential heating
systems*6. However, installing heat pumps
can be four times more expensive than a gas
boiler, because of the cost of the equipment
and additional labour”’. Cost may come down,
as more heat pumps are fitted, but a review
undertaken by UKERC, indicates that this

is unlikely to be as low as the ambitions set
by policymakers (see Text Box)*®. In some

properties additional work may be required to
improve the performance of the heat pump.
While this may reduce the running cost, it will
raise the capital cost of the conversion.

How the higher installation costs are funded
has a significant bearing on the economic
impact of the transition. Modelling by UKERC
suggests that providing grants is the most
effective funding option (see Figure 2). If
households are expected to pay the full cost,
it will reduce household budgets, which will
suppress national GDP up to 2050, as they
have less money available to spend on other
activities. Offering interest-free 10-year loans
has a similar impact as the household paying,
but takes longer to recover®®.
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Figure 1. Impact of different GB energy market conditions on the electricity to gas
retail price difference ratio (source Corbett et al., 2023)

HP cheaper to run
than gas boilers

HP more expensive to
run than gas boilers

Price difference ratio 1:1 2:1
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3.59:1
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Break-even price cap price cap
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Price difference ratio electricity:gas

Figure 2. Impact on UK GDP and household consumption of non-heat pump goods and
services due to manufacturing and installation of heat pumps. ‘HH pay’ = Household
pays full upfront cost. ‘Grants’ = costs covered by grant. ‘Loans’ paid for by zero-
interest 10-year loan. (source Katris, 2023)
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Switching to other clean options, such as a
heat network, biogas or hydrogen, are likely
to have higher initial capital cost than fitting a

replacement gas boiler. Hydrogen, for example,

may require a new hob and oven and possibly
replacement of the internal gas pipes.

Historical experience suggests that a
transformation of this scale is unlikely to
succeed without concerted action and
significant government involvement. The
current approach relies heavily on consumer
choice, which contrasts with the switch to
natural gas from coal-gas in the 1960-70s,
which was government-led. The higher
capital cost means many people will be
unable to afford the new technologies or
energy efficiency measures, without financial
support. Long-term funding schemes, led by
government, will be critical.

The need for increased government
involvement was echoed by research into
public perceptions. Greater responsibility
was assigned to the government and
energy companies to pay for the transition

as it was felt they were not contributing to
costs sufficiently®°.

How the costs of decarbonising heat are
distributed is likely to be a key aspect of
public acceptance. Policies to support
deployment of future heating options should
ensure that different groups or communities
are not disproportionally disadvantaged

by the transition. Interventions also need

to be tailored so that most people can take
advantage of the potential improved thermal
comfort and reduced bills5.

Box 3: Heat pump installation costs

skills for the fitting.

mature technology.

specific tariff>.

While heat pumps are expected to deliver lower running costs, installation can be four
times more expensive than a gas boiler. Initial installations are complex requiring additional
skills to assess the property and design the system, along with electrical and plumbing

In 2012, the Heat and Buildings Strategy set an ambition to reduce the cost of heat pumps
by 25-30% by 2025, and to be no more expensive to buy and run than gas boilers by
2030%2. This was based on experience in other sectors of the energy transition, such as
solar, where a growing market has led to cost reductions.

Analysis by UKERC of the growing international heat pump market, over recent decades,
concluded that it is unclear whether large cost reductions could be achieved®3. Experience
in other countries suggests that savings of 20-25% could be achieved by 2030,

mainly from learning and competition in the installation market, as heat pumps are a

Cost parity with gas installations could be achieved but is likely to require a combination
of targeted funding schemes, grants and emerging business models, which incorporate
the reduced running costs. Octopus Energy are already marketing low-cost installations
that incorporate the Government’s Boiler Upgrade Scheme subsidy with their heat pump

The Need for a Long-Term Perspective ¢ 13



Lead the narrative

Research into the public attitudes towards
heat decarbonisation indicate that the public
are supportive and understand the need to
remove fossil fuels, but it is not regarded as
very high on people’s priorities®®. Not only
are the new technologies unfamiliar, but the
benefits of changing are not perceived as
immediately obvious®®. This is in part due to
the high satisfaction levels with the current
gas boilers®”.

Given the receptiveness of the public to the
potential environmental benefits, raising
awareness should include highlighting the
other potential benefits associated with low
carbon heating options, such as improved
thermal comfort and possible improved health
through the reduction of damp and mould

in homes®8. However, Lowes and Woodman
found that policymakers themselves perceive
little benefit in heat decarbonisation and often
view it as disruptive and uncertain®®. This lack
of awareness of cross-policy opportunities

is, by itself, likely to be a barrier to effective
communication about potential benefits of
the transition.

14 ¢ The Need for a Long-Term Perspective

Up until now, policymakers have relied heavily
on consumer choice to deliver the transition,
but this is precarious as it is dependent on
awareness and knowledge of the options

and the ability of the customer to be able to
undertake the necessary works®°. Current
demand for heat pumps is mainly from

those who have the resources to access the
information and advice and can afford the
disruption and additional costs. However, they
are unlikely to be those who would benefit
the most from the lower running costs and
wider benefits.

New build housing presents a clear
opportunity to illustrate the direction of travel
for the future of heating and energy use more
widely. Currently new build properties in the
UK are not expected to be required to be off
the gas grid until 2025, which does not send a
confident signal about the urgency to address
the low carbon heat transition®?.

Raising awareness is therefore a vital part of

a long-term plan, but it needs to be integrated
with a clear vision of the future costs and
disruption. Communications and policies must
therefore seek to address the attitudes and
concerns highlighted by the public engagement
work including that undertaken by UKERC.




The Need for

Multi-Level Governance

While setting out a long-term perspective will be valuable to stimulate
investment in the sector and skills, the decisions that affect delivery are
recognised as being fundamentally local, and will be made across a range

of levels of government. The overarching UK approach has remained

largely centralised, focussed on supporting the market approach. Greater
decentralisation of governance is likely to be needed particularly to support the
proposed growth in heat networks®.

In 2012 the Government recognised in

its Strategic Framework for the Future of
Heating that the transition was not just a
national transformation to be led by central
government, but “also a local one”®. Local and
regional governments are widely recognised as
playing a central role in delivery of energy
efficiency in buildings and supporting planning
and delivery of heat networks and the wider
concept of local energy systems. The latter
offers the potential to integrate the various
energy systems in the area or region to realise
opportunities to improve their efficiency and
manage their operation. Local governments are
also able to integrate and prioritise other policy
agendas including fuel poverty, housing, health
and jobs®4. Some of these agendas might
promote an energy efficiency approach over
converting the heating system.

It is clear from the studies undertaken that
within this multi-level governance approach
there needs to be a clear mandated role

for local governments and other local
actors, to enable the planning needed for
investment in the necessary networks and
wider infrastructure®®.

Coordinate local and
national delivery
Heat pump systems are projected to deliver

about 75% of the heating conversions in the
UK. A further 19% of properties could be

connected to an area-based heat network

(see Box 4)%°. A key question is how the policy
frameworks to support these will fit together,
as the approaches to promote the deployment
are distinctly different. The market-based
approach for heat pumps risks undermining
the efficiency of a planned area-based
network. Identifying heat zones where the
energy will be supplied through networks risks
undermining the concept of consumer choice.

Decarbonising heat is happening at the same
time as the electrification of transport and
increasing decentralisation of generation. The
impact on local energy networks has led to the
concept of Local Energy Systems where heat,
power and storage are integrated to balance
supply and demand®’.

Effective, viable solutions for clean heat
systems vary across localities, and there is an
acknowledged need for local government to
have a planning and enabling role.

Strengthen governance
structures

While there is a lot of activity and
experimentation in heat and energy planning
in the UK, there is no overall formal framework
for the role of local actors, especially in
England and Wales®®. Both the Climate
Change Committee and the National Audit
Office, amongst others, have called for a
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direct mandate for English local authorities in
planning and delivering net zero®. UKERC's
work has explored the institutional structures
and capability that such a framework would
need to provide.

Powers over local government are devolved
to the Scottish and Welsh parliaments, with
UK government responsible for only English
local authorities. In Scotland, statutory Local
Heat and Energy Efficiency Strategies are

in progress for all 32 local authorities, with
delivery plans for the first five years under
consultation’. In principle, these set out a
solution for every building, including zoning
for heat networks’®. In Wales, the Welsh
Government has supported the development
of Local Area Energy Plans (LAEPs) for all 22
local authorities, which will be integrated into
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regional plans and inform a national Energy
Plan for Wales’2,

However, there is no consistent policy
framework or regulatory strategy to support
its development across Great Britain, with the
devolved governments appearing to adopt
differing policy approaches’3, and Scotland
and Wales placing more emphasis on demand-
side changes’*. Wales and Scotland place
stronger emphasis on heat, community energy
and social objectives in their approaches to
Local Energy Systems, partly as these are
areas where they have formal powers to
influence activity.

In England, numerous local and combined
authorities have prepared Local Area Energy
Plans (LAEP) and are increasingly involved



through their likely role as Heat Network
Zoning Coordinators and as key stakeholders in
RESP developments’®.

Considerable learning is being generated from
projects such as the public-private partnership
approach of the Bristol City Leap. However,
there is as yet no common framework for local
energy planning, with the Energy Systems
Catapult warning this could lead to “a lack

of consistency, coordination, and risk of
duplicative cost”7e.

Strategic planning is needed to develop local
energy systems, but it is being thwarted

by regulatory uncertainty and fragmented
funding landscape””.

Opportunities to improve cross-sector
coordination are emerging through the
development of the Regional Energy Strategic
Planner (RESP) and the evolution of the
approach to heat network zoning, bringing
together the interests of both national and local
government, and market-based incentives for
renewable heat’®.

In addition to developing local energy
systems, regional and local administrations
have an interest in the opportunity for new
manufacturing capacity to deliver the new
technologies. These will deliver jobs and will
require training programmes, for the industry
and for the deployment skills to design and
install the equipment’®.

Box 4: Heat networks

heat suppliers®®.

Heat networks provide a collective solution, linking local heat sources to consumers. Most
of the proposed 19% of homes connected to a network are expected to be in towns and
cities where there is a higher density of demand®°.

Innovation is improving efficiency and enabling a wider range of heat sources that can be
used®. The latest fourth-generation heat network greatly lowers the temperature in the
pipes. With lower energy losses it is more efficient and needs less insulation on pipes,
which lowers costs and simplifies installation®?. A simple heat pump raises the temperature
and transfers it into the property: the higher input temperature from the network makes it
more efficient than a stand-alone air-source heat pump.

Providing demand-side flexibility to the local and national electricity system is a potentially
important benefit of heat pumps. Modelling by UKERC indicates that heat pumps on
fourth generation heat networks have the potential to provide far greater services to the
electricity grid network than stand-alone heat pumps, and with very little loss of heating
service to the consumer®3. Collectively managing electricity demand could be a valuable
consideration in the design of Local Energy Systems.

Integrating large-scale thermal storage into a heat network could improve the system
performance and increase the options for capturing heat. UKERC analysis indicates that
boreholes offer potentially much larger heat and cooling storage capacity and lower costs
than other options®4. The UK lags behind other countries in using borehole storage, but it
should be considered an integral part of most heat networks.

Being able to use a wider range of heat sources will be important. Increasing regulatory
scrutiny of conventional high temperature sources such as power generation or waste
incinerators, raises doubts about whether they can be classified as zero carbon. Local
authority heat network projects looking to use heat from a waste incineration plant, such
as Bristol City Leap, will have to look at contingency plans for any long-term contracts with
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Local Energy Systems

Analysis of what is needed to deliver Local
Energy Systems (LES) noted that the potential
benefits are widely acknowledged and could
deliver better outcomes than top-down
planning, understand local challenges and
benefits, and have the potential to coordinate
actors, and plan across vectors®®. Local powers
would allow authorities to integrate the heat
transition with other local priorities such as fuel
poverty, jobs and housing quality®”.

However, UKERC'’s analysis goes on to
highlight that the institutional frameworks to
support development of Local Energy Systems
are fragmented and underdeveloped®:.

Scotland and Wales have made more progress
towards developing Local Energy Systems, but
they are constrained as it will require changes
to the electricity regulation and markets.
These are centrally managed through the UK
Parliament, which has been slow to implement
the relevant changes.

This highlights the need to establish a working
consensus between the UK Government and
the devolved administrations on heat policy.
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With decisions yet to be made about changes
to the energy market licensing, taxation

and regulation relating to heat in buildings,
including the future of the natural gas grid,

the administrations risk making decisions

that could be rendered redundant. In the
meantime, Ofgem’s proposed Regional Energy
Strategic Planners (RESP) will be an important
intermediary for Scottish Government to
ensure the effectiveness of a Heat in Buildings
Bill and legislation®°.

Clarity is also needed about the roles of
electricity network operators (DNOs) and the
heat network companies and the powers of the
local authorities that will have to interact with
them on planning issues. This will also include
the future of local gas networks. Planning in
the local areas is further complicated as the
local and regional governance boundaries often
do not coincide with those of the network
operators®. Network companies may end up
interacting with more than one local authority.
Any governance framework for devolving
powers should therefore seek a consistent
approach to planning whilst allowing flexibility
to address local needs. This will also facilitate
shared learning,




Local capability and
capacity

Whilst decentralising governance and
putting greater emphasis on local and
regional governance will be important the
new framework needs to include support
for local authorities to ensure they have

the capacity and capability to deliver on
national net-zero targets®!. This needs to go
beyond competitively allocated funding as
it is essential to build the new capabilities
that will be required. These roles need to be
underpinned by technical support, and systems
that encourage knowledge-sharing and
mutual learning.

Underlying the capacity building is the need
for shared learning and openly available data
and insights into the demand heating and
how and where energy is used. UKERC's
Energy Data Centre' provides a central access
point for publicly funded energy research in
the UK. The resource covers a wide range of

aspects that are of importance to planning

local energy systems and the interventions that
are needed. Data sets include spatio-temporal
heat demand profiles across England and
Wales, and Scotland®?. Additional data includes
surveys of energy efficiency performance of
buildings, postcode level detail of homes on the
gas grid®3, detailed analysis of how energy is
used in homes®* and modelling of the potential
for new heating technologies to help balance
the electricity system®s.

Along with building the technical capacity
needed to plan and design local energy
systems and interventions, there is a need to
build capability in the implementation, with

an emphasis on engaging the public (see next
Section). The Dutch government established a
central body to share knowledge and learning,
both on the technical aspects and citizen
engagement (see Box 5). Similar to the Energy
Data Centre, UKERC's Public Engagement
Observatory' seeks to map and share learning
about engagement strategies.

i To explore the Energy Data Centre, access here.

ii To find out more about UKERC’s Public Engagement Observatory, access here.
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Box 5: Shared learning - International comparison with the Netherlands

The Netherlands has the highest dependence on gas for residential heating of any
European and OECD country, which had 90% of homes connected to the gas network®®.
The UK is second with 85%°”. UKERC undertook a comparative study to explore the
potential for shared learning.

Many of the issues raised in the UK have already been explored by the Dutch government,
and progress towards decarbonisation is moving faster. In Scotland, progress has some
comparisons to the Dutch approach, while lessons could be learnt elsewhere, particularly
in England®®.

Emphasis on local authorities

The Dutch government approved the Climate Agreement in 2019, setting out a clear plan
for decarbonising heat®®. In addition to clear targets for the rate of decarbonisation, a
crucial element has been the multi-level governance framework, which gave a clear role
for local government!®®, Local authorities — municipalities — were given the lead role in
defining local heat decarbonisation plans, along with key responsibility for planning and
implementing the heat transitions!?. Each municipality developed detailed action plans,
which set out how many homes could be switched to sustainable heating by 2030, along
with a timetable and an indication of which technologies would be most cost-effective in
each area of the authority.

Capability support

In addition to devolving powers to local government, the governance framework included
a programme of support. Technical support for assessing the options is provided by a
designated central body, the Heat Expertise Centre (HEC), which gives guidance on

how to: include local data in the assessment model; develop heat transition visions;
interface with network operators; and assess the technical and commercial feasibility of
heat networks.

A pilot programme was also created for establishing gas-free districts, called Programma
Aardgasvrije Wijken (PAW). PAW facilitates a learning-by-doing approach, with a strong
emphasis on sharing the knowledge gained through a national Knowledge and Learning
Programme. The pilots are aimed at trialling citizen engagement strategies, identifying
opportunities for cost reduction, and analysing the role of existing laws and regulations.

Initial funding of €2.6 billion was committed by the Dutch government to support local
and provincial planning and implementation between 2022 and 2026. In 2023 this was
extended to 2030 with an additional €5.38 billion°2,

The outcome of the Climate Agreement has been that the heat pump market for individual
dwellings has grown rapidly. The expansion of heat networks has been held back by a wait
for new legislation.

Shared challenges

Like the UK, energy planning boundaries do not align with administrative and political ones
creating tensions, particularly between municipalities and the regional level. Both countries
could learn from each other.
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Engage the Public

A core finding from across the UKERC work on heat is the importance of
understanding the human perspective and the value it could bring to the
development of policy and interventions, at all levels of government. The
research shows that current policy decisions are not always aligned with
nuanced perspectives that emerge from engagement with households® .

Public engagement studies indicate that the
public’s perceptions and acceptance of the low
carbon heating transition cannot be assumed.
While the research showed that there is
general approval for decarbonising heat and
moving away from fossil fuels, acceptance of
new heating systems will depend on how well
solutions are tailored to local and household
circumstances. Furthermore, when presented
with the possibility of converting their heating,
they are looking for assurance that installing

a particular heating option will bring benefits
and was the right thing to do!®. Concerns
were also raised about the disruption and
costs. This indicates that any awareness
raising needs to be set within a comprehensive
approach to policy and governance. At the
local and household level engagement can
bring valuable insights to inform planning and
improve outcomes, if done well.

The approach to public engagement varies
across the UK nations. In 2021, the Scottish
Heat in Buildings Strategy established an
engagement programme, which will be led

by a new agency, Heat and Energy Efficiency
Scotland. A strategic framework followed in
late 2023, aimed at coordinating engagement
for energy efficiency and clean heat and raising
awareness of the benefits',

By contrast, England and Wales have no formal
mechanisms for developing public engagement
on the heat transition. This reflects on the
more technocratic and centralised approach of
the UK government, despite recognising the
importance of a more local approach in the
2012 heat strategy. This contrasts with the
consensus-building approach adopted by the
Netherlands (see Box 5)06.
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Communicate

While there may be general support to

move away from fossil fuels, UKERC'’s
research shows that awareness of the need

to decarbonise heat, and the benefits it can
bring, is generally low!?’. This is a driver behind
the Scottish strategic framework and points

to a clear need to communicate the value

of decarbonising heat and the benefits the
technology options can bring.

In recent years the UK Government has relied
heavily on consumer choice to deliver the
transition, particularly in England. However,
this approach may prove risky as awareness
of decarbonised heating options, and the
benefits they can bring, is low, combined

with widespread satisfaction with the current
gas central heating. Furthermore, the rate of
decarbonisation that is needed means that if
uptake is slow, or an option proves difficult

to deploy, then the consumer will be left with
fewer options and less time will be available to
deploy the necessary infrastructure®s,
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Concern about the attitudes behind the
government’s approach was raised by a
survey of policymakers that indicated that few
saw the potential benefits of decarbonising
heat, instead it was often regarded solely as
disruptive and uncertain!®®. Whereas research
indicates that public attitudes towards heat
decarbonisation are likely to be shaped by
the benefits that could come with it, such

as improved thermal comfort, possible
improved health and addressing wider social
equity concernstio,

Developing the skills base will support

the wider communication and awareness
objectives. A lack of information about the
options and uncertainty about which options
are effective undermines decision making. This
is exacerbated by a lack of knowledge of the
technologies in the installation sector!!?.




Build trust

In addition to raising awareness of the
transition, the public need confidence that the
technologies they are installing will deliver

the levels of comfort they were expecting

and potentially reduce bills''2. They are also
seeking reassurance that the option will not be
superseded, and that any support mechanism
will remain in place!!3.

UKERC's research also explored the role of
consumer choice. While choice was important,
the study indicates that it is equally important
that the public believe that they are installing
the right option for them, and they are

given confidence about the effectiveness.
Participation in the decision-making process
is an important component and providing
guidance as to the most suitable and effective
option from the range of technologies and
installation requirementst!4,

Trust will also be built by ensuring that the
installation sector has the knowledge and
skills to address householders’ concerns about
the quality of installations and the advice
given about the effectiveness of the work

that needs to be undertaken. Installation and
running costs of new heating systems were
consistently raised as primary concerns by
research participants.

Obtaining trusted advice about the technology
options is important. Unlike a gas boiler
replacement, installing a heat pump system,

or connecting to a heat network, requires a
detailed assessment of the building. Additional
work may be recommended to upgrade the
energy efficiency and amount of insulation, and
radiators may need to be replaced.

While building trust in the choice of
technologies is important, homeowners also
need to be part of the installation design. In
Bolton, a heat pump project was delayed by a
failure of the housing managers to engage the
residents in the design of the installation, with
concerns about noise and vibrations?!®,

The Renewable Heat Incentive scheme
provides a list of registered companies,

but the sector lacks the regulation and
certification to give assurance to the customer.
For heat networks, the introduction of
regulation for how the energy is priced and
the system managed will build confidence in
the technologies.

Building confidence in the available
technologies, such as heat pumps, has been
mired by controversy about the effectiveness
of the options (with the media playing a role
in fuelling controversy in the UK!), This is
compounded by the lack of trust in energy
companies, and the impression that parts of
the fossil fuel sector are using their incumbency
and vested interests to promote options

that protect their interests, whilst spreading
misinformation about the effectiveness of
specific options!'’. Uncertainty about the role
of hydrogen in domestic heating is particularly
relevant with the public questioning the
motivations behind its promotion*!8.

First-mover experience can build trust.
Analysis of heat pump deployment indicates
that they often occur in clusters!!®. Where
one first-mover household has a heat pump
installed, other households nearby are more
likely to convert, having seen what the work
that is required and the benefits it can bring.
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Inform and shape
interventions

UKERC'’s public engagement work revealed
some striking findings about what aspects

of the transition were of most concern to

the public. While awareness of the different
technologies was low, when presented with
the options and what they entailed, concerns
were mainly about how will it be managed,
how the cost of installation will be paid for,
and whether the costs be distributed fairly*?°,
This contrasts with attitudes of politicians who
regarded heat decarbonisation as disruptive.

Similarly, research into the attitudes towards
the relative disruption of installing a heat pump
versus a replacement gas boiler or digging up
the road to lay a heat network, revealed various
aspects that affected the level of tolerance!?..
Several social factors were revealed that
meant residents were less prepared to tolerate
changes to the heating system than other
types of disruption to the home or street,
including local identity, which, in some places,
was closely tied to historic features and
aesthetics in the street or homes, and could

be vulnerable to disruption or be incompatible
with the new technologies.

Attitudes towards the transition, revealed
through engagement with the public, provide
valuable insights that can help shape and
target interventions.
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Learn from the public

Being able to draw on local knowledge

and expertise is an important element of
empowering local authorities to deliver the
heat transition. This is important for developing
heat maps and identifying zones where
particular options are more viable. Engaging
the public in the decision-making process

is important.

UKERC's work has shown that while people
have been shown to be generally supportive
of the need for the transition, and are prepared
to cope with some disruption, responses to
proposals raised issues about local identity
and precarity!?2. These aspects could create
barriers or reluctance to change and need to
be addressed. This type of understanding

and learning will be important to embed as
projects progress.

Public engagement needs to be prioritised with
an emphasis on learning from communities
about what works in heat decarbonisation
delivery. Sharing these findings will be valuable
to improve outcomes in other areas. UKERC'’s
Public Engagement Observatory maps
examples of different types of engagement
methods and includes examples of what

can happen if it is poorly implemented.

In the Netherlands a central resource has

been provided to pilot projects and a focus

on sharing learning?3. However, even with

its more consensual political culture, some
municipalities are facing pushback, making it
clear that a one-size-fits-all approach is not
always appropriate.



Conclusions

Decarbonising residential heating is a complex challenge requiring a multi-
disciplinary response, that encompasses the technical, societal, economic and
governance aspects. It will affect a large proportion of households over the next
25 years, yet progress has been mixed across Great Britain, with England, in

particular, lagging behind.

Deployment rates are far below the required
targets, with investment mired in uncertainty
about the future of the gas grid. New homes
are being built that will need to be retrofitted
in the future due to delays in implementing
zero carbon standards for construction.
Policies should focus on maximising
deployment of currently viable technologies,
such as heat pumps and heat networks, as the
risks of delay will make the task harder.

The current centralised, market-led approach
is out of step with the scale of the challenge
offering fragmented and short-term support
mechanisms, based on an overly optimistic
assessment of the potential to reduce the cost
of heat pumps. Implementing the necessary
funding mechanisms needs to consider

the impact on the wider economy; namely
burdening householders with the higher
upfront costs of installation risks reducing
national GDP over the course of the transition.
Furthermore, ensuring that those in most
need and that costs are distributed fairly could
be an important factor determining public
acceptability of the transition.

Public attitudes and awareness of the
transition should shape and inform policies
development and interventions. The current
top-down approach relies heavily on consumer
choice, but this is risky as the public do not
place a high priority on changing their heating
system. Furthermore, the lack of skills means
there are a limited number of engineers able to
advise and install clean heating systems.

Local and regional governance have an
important role in delivering the heat transition.
Heat networks are depending on local
mapping and planning of opportunities, with
the potential to deliver heat to up to 19% of

households. Enabling this requires a clear
governance framework that empowers local
decision making.

Investment will be needed to develop the

new skills needed for installing the new
technologies. These will be needed in advance
of deployment to ensure capacity can meet
demand and importantly to help inform
customers about the options. Investment will
also be needed in manufacturing the new
equipment to replace the UK’s leading gas
boiler capacity.
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As UKERC's independent analysis
shows, realising the potential benefits of
decarbonising heat and ensuring it can
deliver within the timeframe requires a
multi-disciplinary approach.

Clear conclusions emerge from across the
work. Multiple interrelated issues need to be
addressed as part of a comprehensive plan and
restructuring of the governance.

® A long-term plan is crucial. It must be
realistic about the timeframes and the scale
of investment and financial support that will
be needed.

Local authorities will need support to
build the capability and capacity to
undertake technical assessments to
identify suitable options for the houses
and communities.

Local energy infrastructure will require
investment and upgrading. Energy
companies will need to interact with
local and regional energy authorities to
facilitate planning and decision making.

Facilitate shared learning between
the local authorities through
consistent rules.

Mobilise the investment in the
energy infrastructure, technology
manufacturing and skills that will
be needed.

Lead the narrative — raise awareness of
the importance of decarbonising heat

Engage the public — the transition will
require a large majority of households to
make changes to their heating systems.
Developing the transition around an
understanding of what is important

is likely to be important in ensuring
public acceptance.

and the options available.

- Support mechanisms need to be realistic
about the future costs of heat pumps
and incorporate the public attitudes into
the design of interventions.

- Realistic about the future of the gas
network and the limitations and
uncertainties of using hydrogen for
domestic heating.

- Balance electricity and gas prices to
ensure energy bills reflect the energy
efficiency gains of using a heat pump.

® Provide a clear governance framework,
which enables local and regional authorities
to lead the transition.

- Decarbonisation of heat is widely
recognised as a local issue. Local
authorities need to be empowered
to engage with communities and
businesses to facilitate the planning
decisions and implementation.

Raise awareness of the technologies
and provide clarity about their potential,
to ensure customers are adequately
involved in the decision making.

Engage the public in decision making.
This is important at a local level where
local energy plans are being developed,
particularly for heat networks.

Policy making and design of
interventions should be based on an
understanding of public attitudes.
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