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The way we heat our homes and buildings is on
the brink of a change even more radical than the
original shift to central heating. It must be entirely
rethought and reworked for the UK to deliver

net zero by 2050. This will impact almost all

UK homes and businesses, yet somehow the

issue has a low public profile.

Aforeword by Ashleye Gunn,
independent Consumer Palicy
Consultant and former Policy
Programme Director at Which?

While the way forward is not yet entirely
clear, it is clear that the associated
costs and disruption will be significant,
not just at the system level but for
indwiduals. Cadent's new report,

Cur Greern Print — Future Heat for
Everyone is therefore a timely
contribution. It's refreshing to see an
energy company declare an interest -
Cadent distributes gas - but then make
a conscious effort to set that intere st
aside and consider the complexities

of solving this challenge in the round.

Particularly important is the attention
Cadent pays to consumers and their
role inthe transformation of heat.
Energy efficiency measures and
existing low carbon heating systems
neadtobe installed at scale inthe next
decade while research and innovation
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continues, including on carbon capture
and hydrogen. The evidence needed
to determineg the complete way
forwardwill emerge but meanwhile
delivery must accelerate. That means
censumers understanding the issues,
understanding their role, and stepping
up to play their part. Challenging at the
best of times, and even harder when
few hawve any idea this is coming.

A5 Cadent points out, much of the
work on decarbonising heat has
focused onthe economic or technical
aspects. There is an assumption

that consumers will get on board.

It's understandable that this thinking
creeps in; addressing the economic
and technical aspects of the transition
is complex, and of Course everyone
has aninterest in net zero being
achieved S0 a55UMiINg consUMears

will play their part seems reasonable.

Unfortunately, this ignores actual
consumer behaviour. When consumers
dar't feel confident they don't go
ahead aryway, they simply dom't
purchase. Decarbomsing heat will

only succeed if the market is designed
towaork for consumers. Significant
barriersinclude cost; disruption;
question marks about performance;
and lack of a clear process. Eachneeds
tobe overcome.

Costis a significant barrier. The

miost likely options of heat pumps

ar hydrogen look significantly more
expensive thana gas boiler, either
upfrant or in the running costs.
Agddressing both the level and the
clarity of costs is key to driving
purchases. Until costsare much closer
to parity with replacing and running a
gas boiler the guestion of subsidy will
rermdin a live issue.

Disruption is another significant
concern. New boilers are usually
distress purchases but installing low
carbor heating will rareby be a straight
replacemeant. Most homes will need
energy efficiency measures aswellas
a new heating systern, and that new
systermn may need a different location
andiar other adustments such as new
radiators. There needs to be serous
planning for minimising the hassle
factor and persuading consurmers to
prepare ahead of irreparable boiler
breakdown.

Thenthere is perfformance — both

of products and installers. 85% of
housenolds are used to guiet bailers
producing near instant warmth.
Cursory reading about heat purmnps
raises gquestions about noise, response
tirmes and warmth levels, while people
wander if Fydrogen is safe. Credible
regssurance is essential,

; ~ When consumers
ﬁ ¢ don'tfeel
A A confident they
don’t go ahead anyway,

they simply don't purchase.
Decarbonising heat will
only succeed if the market
is designed to work

for consumers.”

Expert, trustworthy installers of low
carbon heating systems already exist,
and their nurmbers will grow. Being
sure you have found such aninstaller
is more difficult; consumers need
certainty if they are to act.

Thefiral barrier is lack of a clear process.
For many the first guestion will be
‘Where do | start? Without readily
available, trustworthy information that
clarifies the process, many simply
won't get started.

These barriersare not easy to overcome.
Different governments have already
encountered difficulties in using policy
lewvers to drive demandfor energy
efficiency. But decarbonising heat can't
be achieved without mass consumer
engagement; there must be a focus on
creating the conditions for the market
towork.

Transparency and choice are not

the only prerequisites for successtul
consumer markets. Transparency is
useless without clarity, and without
comparability making & choice can
feelimpossible. Genuingly competitive
rmarkets have both clarity and
comparability. They also tendto hawve
innovation that benefits customers
aswell asthe innovating company. In
this report, as part of examining the
challenges and potential for solving the
future of heat, Cadent have combined
their new consurmer research with
existing findings to present an in-depth
picture of consumer views and set out
a helpful model of the ideal customer
journey. The dermands of the net zero
transition hawve stimulated innovation
inthe energy sector, and | hope this
report will provide the springboard for
successfully addressing the consumer
barriers toa decarbonised future of
heat far everyone.

Cadant Our Grean Print — Future Heat for Everyone | 1



It may feel as though 2050 is a long time away. But time is short.

To upgrade almost every home in the UK from both an insulation

and heating perspective and provide the infrastructure to deliver

the energy is a very significant task, the scale of which has never been
delivered before. This will require huge levels of investment - the
Climate Change Committee (CCC) estimate a total of £250bn by 2050.
It will also need to be done systematically and with consumers at the
forefront to have a good chance of being successful.

When choices around horne heating systems andinvestrments
are only made every 10 to 20 years, this means that decisions
rmade inthe next 10 years will be critical.

The scale of the change neededis unprecedented, particularky
regarding the changes needed inside consumers hames.
Every single one of the 22 million homes using fossil gas today
for heat and hat water will reguire both energy efficiency and
heating retrofits —even before we consider off-grid LPG

and ail properties.

Toputthisin perspective, if we started today, we'd have to
retrafit 67,000 homes every month frorm now until 2050,
When compared to today's deployment rates of heat pumps
ataround 30,000 per year, it's clear that the scale of this
challenge is huge. While the CCC have rightly outlined the
importance of scaling supply chains and skills, scaling

up consurmer acceptability and demand will be equally
asimportant.

Thersis a lot of activity developing the policy framework
neededto meet this challenge, but mare is needed. Some

of that may be delivered by the planned Heat and Buildings
Strategy and Hydrogen Strategy — neitber of which had been
released at the time of writing this report. Giventhe scale

of what is needed, delivery needs to start now — on energy
efficiency, heat purmp deployment, heat network build-out
and on ensuring hydrogen plays a central role too.

> Scale

= Homes

> Maetworks
> Storage

> Resilience
> Transition
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Murnerous studies have been published exploring how we
canachieve all of this by 2050. They have largely focused the
economic and techrnical aspects of the transition, leaving most
consumers with little understanding of the impact of such
changes on consurmers andtheir current heating Systems,

or the options available to them.

Inthis new report we take a different approach. We go beyond
current thirking onthe economic and technical aspectsand
rmake the case for consumers to be central to the critical
decision onfuture heating solution and be at the heart of the
transiticn. This isthe essence of cur Green Print —that the right
answer' tothe transition of heating need to consider technical
IS5USS, 2conomics and Consumers.

We look at the technical challenges in decarbonising heat, the
options available andwhere tydragen might — and might not -
play a rode. We then examing consurmer wants and needs, and
whiat this tells us about howwe should go about the transttion,
before considering what the economics tells us - particularky
Fioww rmuch it all might cost. Finalty, and most importarithy, we set
out 12 specific actions that should be taken today — our Green
Print for Future Heat for Everyane — considering the techinical,
economic and consumer aspectstogether, in order to make
the transition to low carbon heat.

> Production
> Infrastructure

~F >Appliances

> Awareness
> Cost

> Reliability
> Disruption
> Choice
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Demonstrating that hydrogen is safe: Complete the necessary steps
to ensure that all the safety evidence for bydrogen inthe gas networkis
completed — bothinthe gas network andin the home.

Enabling the development of a hydrogen economy today: Set production
targets; develop production and carbon capture and storage business
models; support industrial cluster developrment; accelerate hydrogen
blending; mandate hydrogen-ready appliances; and successfully complete
the necessary upgrades tothe gas network.

Prioritising innovation: Facilitate innowvation by fostering and incentivising
innovation, in both the technology, and in the regulatory framework.

Injecting pace into the building of infrastructure we know we will need:
Start planning now whilst building supply chains and skills in parallel. |dentify
ways to accelerate the planning and development processes. Enable ‘learning
by doing’.

Ensuring consumers are central to decisions on the future of heat: Exploit
the experience of the private sector in designing policy targeting consumers.
Mandate the changes needed and then allow consumers to have a voice over
how that charige is delivered,

Ending the unnecessary 'format wars”: We needto move onfromarguing
about which technology will 'win®andinstead work together on establishing
where each technology will be deployed and how we will help consumers
make the transition.

Understanding consumer views on heating and beginning engagement
early: A range of parties will need to come together for this to be a success.

Work needs to start now on delivering this if the transition to low carbon heat
is to be successful.

Being upfront with consumers on how much the transition is going to cost
and how it will be paid for: The costs of decarbonising heat are going te be
significant regardless of the pathway we choose We needto startan upfront
and straightforward conversation with consumers about what that looks like
and how it will be paidfor.

Creating the right incentives to decarbonise heating and deliver net
zero: Industry stands ready to invest. In arder to unlock this, we needto create
a market design and regulatory framework that incentivises themto do so.

Stopping planning in silos: Co-ordinate local area plans for decarbonisation
across power and gas, potentially led by a new body that can ensure we do not
deliver a patchwork of easy solutions without considering the impact onthe
whole systern or of harder to decarbonise buildings.

11.

Planning for peak demand, not average demand: Heat dermand in winter
periads may be nine times as much as in the summer. Winter periods also
coincide with the highest incidence of dark and windless days. Our future
systerm needs to ensure heat demand is met evenin such extreme conditions.

12

Deepening the understanding of the critical factors in the economics
that will determine the energy mix: We needto refine our analysis on the
role of hydrogen as new information emerges, for example on energy
efficiency deployment rates and the pace at which the price of hydrogen falls.
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Regions
26m  Customers n which we grerale

34,538km Pipe length
Cadent is the largest gas distribution 75% Plastic

company in the UK. We deliver
fossil gas to 11 million homes and
businesses throughout the North ’

West, West Midlands, East Midlands,

South Yorkshire, East of England ?
and North London - helping keep
consumers on our network safe -
and warm.

2.4m Customers
29,082km Pipe length
78% Plastic

Ir doing this we are responsible for maintaining our network,
ensuring that it cperates safety and reliably for those who
rehy on it We also help homes, businesses and renewable
gas suppliers connect to our network.

rt f . . P i lﬂ.,l.!:bld"ff'
scent 5 J
Cadent sUppOrts the commitment to net zers emissions e R

by 2050. We know that the fossil gas we deliver through L
our network today is part of the problem and not part of
the solution. Low carbon heating technologies needto be /7
deployed across our network —and beyond.

East

Anglia

1.6m  Customers
21,021km Pipe length
T0% Plastic

Evenasa gasnetwork we are clear that thereis a significant
rode for both heat purmps and low carbon haat netwarks in
the future mix. We also believe that green gases such as
hydrogen will be needed if we are to be successful. This
requires us to consider where there might be a role for our
gas distribution network and where there might not be,

1.8m Customers:
24, 45Bkm Pipe length
69% Plastic

S
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2.2m Customers
23.297km Fipe length
B8% Plastic

dires

Vod|Gas Netwark We provide the energy our customers need to stay

safe, warm and connected. Our responsibility is

o to look after the gas pipes so they can continue
M ]32 396% to dellver safe, reliable and low carbon energy for years to
] ! come. We are continually finding smarter and more sustainable

ways to develop our networks and work closely with local
communities to deliver a high quality service that our 11 million
customers expect. We are proud to keep the energy flowing.”

homes and businesses employees helping of pipe across our region
connected to our network consumers on our network
keep safe and warm
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The 2008 Climate Change Act committed the UK to reducing
greenhouse gas emissions by 80% from 1990 levels by 2050.
However ambitious this target was at the time, it allowed people
to assume that they were in the 20%, and that somehow action
to tackle climate change was the responsibility of others.

In 20198 the UK Government formally adopted the CCC's
adviceand amendedthe target to be net zero emissions
b 2050. This meant that everyone needed a plan for how
to decarbonise. Inthe context of heating, this signalled the
end of any fossil fugluse inthe future energy systemanda
consequent needfor all homes and businesses to be both
more energy efficient and fuelled differerithy.

Twoyears onand there is still no consensus about how

this will be achieved in the context of heat and hot water for
homes. There have been numerous studies asseassing how
we can get there, but they have generally focused on either
the technical or the economic aspects of the challenge.
The consumer lens of the challenge - their wants, needs and
preferences — have received comparatively little attention.

Building political mementum

Whilst the CCC recently ighlightedthe gap between
ambition and delivery, political momenturm has been
growing. The Government's Ten Point Plan' announced

ir Nowvernber 2020 set out targets for nuclear, power
generation, transport and home heating. On horme heating
it ernphasised a focus onthe production and trials of low
carbon hydrogen, deployment of energy efficiency and
instaliation of heat pumps.

The CCC themselves then published its Sixth Carbon
Budget? inDecember 2020, setting out proposed emission
allowances for 2033 t0 2037 that would enable the UK to
meet its net zero emissions target by the 2050 deadline.
These proposals have since been converted into a legally
Birding target by Government.

The Energy White Paper? also published in December 2020,
built on these documents by launching several consulttations
on the paolicies and standards that would be introducedto
bring much of this toife. This included proposals toimprove
the energy efficiency of homes and deploy maore low carbon
heating technadogies.

The Heat and Buildings strategy, which at the tirme of

writing was still awaiting publication, is expectedto set

out the pathway to decarbonise buildings by focusing

on the near-term solutions to improve building energy
efficiency, decarbonise off gas grid properties and boost the
installation of heat pump heating systems_ it is also expected
to set out plans that will encourage innovation and progress
around hydrogen and electric solutions so that further policy
decisions on heat can be made by the middle of the decade.

filisree

‘Hnurlj'ﬁpaﬁ Metwark

Technical Consumer

17% "

homes currently using
fossil gas

of all UK emissions
come from homes today
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Economtic

£2506n

estimated cost of heat
decarbonisation in homes

> Launcha world class enargy
related products policy
framework. We will push for
products to use less energy,
resources and materials, saving
carbonandhelping households
and businessesto reduce their
energy bills with ruinimurm effort &

The journey to net zero based

around policy decisions. o i ] B e
1
Key B TanPoint Plan i
A Enargy White Paper I
l\‘_ * SixthCarbonBudget /I I
¥ I

= Publication of the Hydrogen
Strategy, consultation on
Government's preferred business
models for hydrogen s

- = Set out our Heat and
Buildings Strategy &

» Finalise hydrogen
business models m

» Energy Compary Obligation
extended to 2026, supporting
fuel poor households &

= Start of a Green Jobs Taskforce
and Maticnal Skills Fund to support
the growth of the supply chains
neededto deliver all of this &

> Consultation on the role of
hydrogen-ready appliances A
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Key policy proposals are being developed

Collectively these documents reflect the high lewvel of
ambition the UK has about decarbonisation. Howewver with

the country set tomiss its upcoming fourth and fifth carbon
budgets, thers is a problem: The Government's own figures
show current plans stillfall a long way short of what is required.
Hew we heat homes and buildings inthe future isa huge part
of this preblem, and the policies we have seen to date have
made only smallimpacts. There is much mare to do.

= Work with industry to complete
testing necessary to allow up to
20% blending of hydrogen into
the gas distribution gridforall
homes onthe gas gridm

= By 2023 we will support industry

to begin hydrogen heating trials
ina local neighbourhoodm

f 202

1GW

202

We are targeting 1GW of Hydrogen

production capacity B

= Paotential ban on new fossil gas
connections for new homes &

> All new gas boilers to be hydrogen

ready
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The CCC has provided a range of proposals on how to move

fraom ambition to delivery, acknowledging in the process

that buildings in the UK are diverse and relatively inefficient.

The proposals included:

= Phasing out of fossil gas boilers ahead of 2035, and oiland
coal heating by 2028;

» Mass adoption of heat pumps, with 5.5min homes by
2030, including 22m in new homes;

= Conversion of some places to hydrogen and hybrid
heating systems;

= Hydragen trials from 2023;

= All new boilers to be hydrogen-ready from 2025;

= Net zero new buildings from 2025;

= Expansion of district heating schemes;

= |nvestment in driving consurmer behaviour change; and

= Energy efficiency improvement s across the spectrum
of buildings.

> 600,000 heat pumps
installations peryearby 2028 m

> Al heating system sales off the
gas grid are low carbon forms
of production 4

= Al rented and homes for sale
toreach EPC C 44

| = = e = e

2029 203

= Will suppart industry to begin
3 large village hydrogen heating
trial, and set out plans fora
possiple pilot ydrogen town
before the end of the decadem

= Lacal Authority zoning for heat
networks implemented &

= All new heat networks using low
carbon sources of production %

> All new homes to be zero carbon & =

These are clear and effective targets that will setthe UK on
the path to achieving its ambitions. There is however limited
detail withinthe reports on how these proposals could

be achigvedand how consumers will be encouraged and
supported in their take-up.

Whilst there has been a lot of activity developing the policy
framework needed to meet this challenge, more will be
neededin future. The forthoeoming Heat and Builldings
Strategy and Hydrogen Strateqy, neither of which had
been published at time of writing are expectedto be key.
Given the scale of the challenge ahead, it is important

that delivery starts now — particularly on energy efficiency,
heat pump deployment, heat netwaork build-out and on
hrydragen developrment.

premisesto be
EPCBwhere
cost-effective &

Improved energy efficiency
in 2.8 million homes from
Green Finance Initiative,
bringing around 1.5 million
homes to EPC C standardm

o07%

Public sector has
reduced its direct
emissions by 50% = All heating salesare
compared to a 2017 fow carbon across the
baseline & entire Systerm

= All mortgaged
properties reach
EPCC*

= 5GW hydrogen production
”z', capacity B
2 * > Allrented non-domestic

= All existing heat
networks convert to
forms of low carbon
heat production %

2040

78%

As many existing homes as
possible hitting EPC C where
practical, UK reaches 78%
emissions reductions
compared to 1990 &
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Ouwr Green Prink

Future heat for everyone

Reaching net zero will require
making some difficult decisions about
what solutions we choose. Whilst
important, it is insufficient to simply
consider these questions through
technical and economic lenses - we
must also ensure we fully consider
the impact on customers and society.

Our Greern Print — Future Heat for Everyone therefore goes
beyond current thinking on the economic and technical
aspects, and additicnally explore how consumers can lig
at the heart of the net zero transition inthis sector.

Multiple technologies will be needed

In thinking about the challenges frem these three
perspectives, ouraimis to demonstrate how they are linked.
This report does not set out all the answers, andthe issues
we explore are multi-faceted. We do however set out clear

steps that would accelerate progress and add thoughitful
girection. Our objective is to provide anaccurate overview
of the role that Fydrogen can play and to create an informed
reference document for those who are new to the topic and
are interested in understanding more about it

Our aspiration is that the development of 2nergy policy will
deliver future low carbon heat for everyone, l2aving no
home behind regardless of which technology is right for that
home. We believe that multiple technologies will be needed
toachieve this, and therefore welcome collaborationand
discussion around this point.

Throughout this report, given the importance of
distinguishing between natural gas —whichis part of
the problermn —and 'green’ gases such as hydrogenand
momethane —which are part of the solution —we will use
the term ‘fossil gas' instead of natural gas. We will also
use the term 'green gases to describe both bydrogen
and biomethane,

Fimally, although microbusinesses, small and medium sized
enterprises andindustrial and commercial crganisations are
also consumers, the focus of this report is on households.

Our Greenw Prink
Fulure Feal for Cveryone

> Scale

> Homes

= Networks ﬁ-
> Storage

> Resilience
> Transition
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> Production
7 > Infrastructure
> Appliances

> Awareness
; > Cost
> Reliability
> Disruption
> Choice

Contents

1. Technical

Section 1 explores the technical 12 Technical section

aspects of decarbomsing home 14 How miuch of a challenge is this?
heating, firstly Setting out the scale of 22 What are the future options for
the challenge, thenthe options that are consumers?

available for us to get there, andthen 30 What role can hydrogen play?
finally looking specifically at the rola

hydrogen can play.

Section 2 brings to life consumer 44 Consumer section

wants, needs and expectations —and 46 What about consurmer wants
the implications they ereate for how we and needs?

deliver future heat for everyone.

Section 3 discussas the economics 58 Economic section

behind decarbonising home heating, 60 How much is this going to cost?
the areas where investment will be
nesdedand how we might deliver all
this at best value.

Section 4 brings together all three 72 Green Print section
elermnents to form Our Green Print - 74 Our Green Print— Future Heat
Future Heat for Everyone. setting out for Everyone

the actions we believe can be taken
rcw in order to accelerate progress.

We have considered the main heat decarbonisation options through
the lenses of technical, consumer and economics. Our conclusions
and recommendations — collectively forming Our Green Print -
Future Heat for Everyone —take into account bath the perspectives
of key stakeholders and the market context, presenting practical
steps based on a considered exploration of the issues.
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The challenge of delivering solutions that work

When creating Our Green Print -
Future Heat for Everyone the first
lens we need to assess the challenge
through is the technical, ensuring
what we deliver is robust, resilient
and safe. And the technical challenges
in decarbonising the heating systems
of 22 million homes across the fossil
gas network within the next 29 years
is monumental. Indeed, a change of
this magnitude in peoples’ way of
living is almost without precedent

in the last 85 years.

The scale, cost and complexity of the issue means we will
rneeda range of technical soluticns. Mast reports to date
agree and propose that future horme heating will be provided
through a mixture of heat pumps, hybrid systems, hydrogen
and heat networks. The guestion is therefore about the right
mix of these technologies.

Planning for all eventualities is problematic. it would be
costly and hawve high levels of redundancy if we hedged

our bets and deployed each of these technologies in egual
measure. Picking a winner for 2050 whilst stood in 2021 is
both difficult and risky because there is so much uncertainty
over whiat key variables such as fuel costs will look like in
future. Moreover, the diverse and unigue characteristics of
individual homes across the country mean there can be no
‘one size fits all’ solution.

So, thie real guestion here is: how long will it take before we
really know the answer and how much uncertainty - and
therefore cost— canwe live with in the meantime? What value
dowe place on keeping options open 35 we decarbonise,
andat what paint dowe need to decide what the mix of
these technologies is?

14 | Cadent Qur Grean Print — Future Heat for Everyonea

or approximately 22 million
homes use fossil gas for
heat and hot water today

Transitioning all of thermn to low carbon

heating systems inthe next 28 years
will be a challenge the scale which

i almost without precedent in this
country since WiW2

Maost homes today rermain

poorly insulated, losing heat rapidly
in cald conditions. This needs

to be addressed alongside the
decarbonisation of heat.

Policy interventions are rarely

straightforward, and marny have failed.

We needto learn from these failures.

We're talking about homes, not
buildings. Being aware of the personal
impact this has on consumers and
building that in to how we frame
BNgagemernt 1S mportant.

Different solutions will be available

at differert times. This will complicate
atternpts ta find the aptimal solution
I.'H:'Ir!i.-'E.’EE.

Incentives are different depending
onwhether you own or rent your
home. This needs to be reflectad
in policy development.

Resilience neads to be built into the
future systermas standard—andthis
means planning for peak and not
average heat demand.

[tistoo soomalso to pick wirners.
Opticnality is not only desirable
but necessany.
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Fow-much of a challenge is this? conlinued

What is the scale of the problem?

The UK usesa large amount of fossil gas today — around

877 TWh in 2019, with approximate by 309 TWh of that used
for generating heat and hot water in domestic premises. By
comparison, the entirety of the electricity used inthe UK 135t
wear— by homes, industry and transportation —totalled 287 TWh!

When commercial and industrial use of fossil gas is included,
the UK building sector emits 87 MtCO, today® The newly
adopted Sixth Carbon Budget will change that, requiring a
78% reduction in those emissions against 1820 levels by
2035, This compares to a 46% reduction in the 17 years
between 20719 and 2035, For comparison, the UK has only
seen d 19% reduction in emissions from buildings inthe
29years between 1990 and 2019, In other words: we need
to achieve more thantwice as much inthe next 15 years

as we have done inthe last 30.

EPC ratings of UK homes

C 100

Bngish Howsing Survey, 2018-149.

We need to talk about homes

Approximately 80% of all homes that will exist in 2050 have
already been built. And although there has been significant
focus onimproving energy efficiency levels in recent years,
generally the energy performance of buildings remains
relatively poor with 61% of the housing stock ratedas EPC
Band D or below. For households infuel poverty, this figure
i5as high as 90%:
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The importance of low carbon
heat technologies

Around 6 0% of all emissions requclions
heal lechnologies

160

¢ JRh =
2010 2080

The Committes on Climate Change, Sixth Carbon Budget {2020)

In other words: we
/\_’ need to achieve more
than twice as much in the next

15 years as we have done in
the last 30.”

We need to improve the energy efficiency of homes

We suppart anapproach that ensures that the fabric of
buildings is made as energy efficient as possible. Inthe belief
that the investment needed to bring this about will happen,
we expect a significant reduction inthe volurmes of either
electricity or green gases that will be neededto heat homes
inthe future.

This will require significant effort, eguivalent to 1.3 million
homes retrofitted each year. By way of comparison, the
current Energy Company Obligation (ECO) scheme is
currently focused on Fuel Poor households and targets
approximately 0.75mhomes in the period between
December 2018 and March 2022, Governmerit has already
recognisedthe needto scale up the level of ambition and
has proposedincreasing the annual ECO budget from
E£640m to £10bn. This will be insufficient anits own.

This will involve overcoming several challenges
Thereare also practical challenges to delivering the ensrgy
efficiency upgrades needed that go beyond money. The
recent Green Homes Grant (GHG) highlighted both the
complexities in designing energy efficiency incentivesand
the barriers to generating the scale of demand we will need
to see. There were just 28,000 successful applications inthe
six months since the scheme GHG opened in September
2020, and the scheme has already been cancelled?

Whilst the need toimprove the energy efficiency of homes is
not a challenge unigue to the UK, the scale of itis a problem.
Research by Tado in 2020 highlighted that UK homes may
loge heat upto three times as quickly as homes inthe EL,

in part due to the average age of homes and the levels of
energy efficiency within them?

Home temperature loss after 5 hours
With a temperature of 20°C inside and 0°C outside

Pun
z2.z2c 2.9°C

Graphic onginally created, and reproduced courtesy of Tado

History teaches us that policy interventions
are not always straightforward

Aswe have seenin the previous section, policy interventions
will be necessary to eithéer provide the penalties or incentives
neadedto encourage consumers ta move to low carbon
forms of heating. However experience tells us that thisis

not straightforward and that outcomes do not always match
ambiticn.

= The corversion from Town Gas to fossil gas framthe
MWarth Sea between the late 19605 and the mid-19705 was
remarkably successful, driven by central coordination
across the value chair.

= The adoption of higher EU appliance energy efficiency
standards has been very successful, contributing to a
significant part of the reduction in electricity demand in
recent years.

= The Energy Company Obligation has led to material
irvestrment in energy efficiency measures since ks
intraduction in 2013, Motwithstanding this, demand for
energy efficiency rermnains below the levels stipulatedin
successive COC reports and energy suppliers subject to
this are now reporting a shortfall in delivery for elements
of the scheme?

= The now-abandoned Green Deal and the recent Green
Homes Grant (GHG) schemes hawve both failed to delver
on their ambitions for driving energy efficiency. Delays
in processing vouchers, a neglect of supply chains
and an overly complex customer journey have limited
beth demand and supply, highlighting the challenges
of designing successful policy mechanisms.

= The Domestic Renewable Heat Incentive (DRHI) has
had limited success inpromoting heat pump instaliation.
Approximately 60,000 heat pumps have beeninstalled
under this scheme and previous legacy arrangements,
with a total annual instaliation rate of approsimately
30,000, The stated ambition of installing up ta 800,000
heat pumps perannurm by 2028 will require changesto
future support schemes such as the Clean Heat Grant
if it is to be realised.

= The Smart Meter roll-out has also been beset by problems.
Cnly 34% of all household energy meters were operating
in‘smart’ mode in October 2020, Several barriers prevent
wider adoption of smart metears, including some customer
resistance, the fragmentation of roles and responsibilities
and the lack of common technical standards. Whilst
customer acceptance has not beenthe only barrier, the
scheme has highlightedthe challenges of generating
customer dermand.
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We need start engaging consumers

The challenge of decarbonising heat will require consurmer
engagement and consent on a scale we have not yet
achieved inenergy —and perhaps ary sector. it may entail
short-term disruption and potentially affect the fabric of
their homes. It may also cost moere. Designing policy inthis
context will be more challenging than if changes could
simply be made at a system level—far away from customers’
hames—as is the case with the decarbonisation

of the electricity sector.

We can learn from experience
We needto learn from the past. In our view, this means that
policy interventions aimed at households need to:

> include both regulatory and economic measuras;

= keepthings simple and avoid undue complexity,

> have regard to supply chains and delivery, as wellas
customer choice itself;

= consider the specific needs of the fuel poor and
villnerable, to ensure a just transition inwhich
disadvantaged groups are not 'left behind’,

= make it easy for ordinary households to adopt low carbon
heating, without needing 2 detailed understanding of
energy technologies before they can be confidernt to make
a start;

= have longevity to enable certainty in the supply chain; and

= have single accountability for delivery wherever possible.

These reguirermeants needto build ona conversation with
consumers onwhy change is needed, what it means for
themn, the options available, the pros and cons of each and
how they can access the help and support needed to guide
thern through the transition. Given the need for action now
on the decarbanisation of heat, the urgency with which-this
conversation is now needed is extreme.
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A question of timing

Whilst we know that future low carbon heating is likeby to
irnvolvie a mix of heat pumps, low carbon heat networks and
tydrogen, each of these options is at a different stage of
development andwill be available for deployment at
different times.

Heat pumps are available today — albeit at a costwhich
rmany people may consider unaffordable. Itis reasonable
toask how long it will take the installed real-world cost to
corme down to levels that will encourage the demand
rmary anticipate.

Building supply chains matters

ltis also reasonable to ask how long it will take to build the
supply chains, installation and energy efficiency retrofit
capacity necessary to deliver on these ambitions. There are
approximately 1,000 heat purnp installers in the UK today
installingaround 30,000 heat pumps each year today. In
arder to achieve the Government’s target of 600,000 heat
pump installations per year by 2028 we will need ta increase
the number of trained installers by around thirty times!!
Thereis no clarity yet howewver on how this will be achieved.

OX/W

In order to achieve the Government's target
of 600,000 heat pump installations per year
by 2028 we will need to increase the number
of trained installers by around 30 times

Heat networks will play a specific role

Heat networks have existed in the UK for decades, although
the market rermains small scale and relatively immature.
Most heat networks continue to be powered by fossil gas,
andin future —if we're to see them deliver 20% of overall heat
gemand as sorme anticipate — we will need to transition them
totechnotogy such as large heat pumps or hydrogen. The
development of the business models necessany ta bring
about this change will take time. Given their nature, it will also
take time to complete the build out of the infrastructure, It is
reasonable for customersin eligible areasto askif and when

Furthermore, whilst no-one knows what hydrogen will cost
when it is deploved, it is reasonable to believe that it will be
more expensive than fossil gas today. ltistherefore also
reasonable for consumers to not only ask when fand even
whether] it will be 2 realistic option in their area, but also how
much it will cost and how it will be paid far.

The answers to these questions are not yet known. This
paints & picture of options becoming ready to be deployed
at scale at different times in different locations, complicating
attempts to find the optimal heating technelogy mixin each
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they might be connectedto a nearby network.

Hydrogen is not going to be available for several years

or Manchester®

Hydrogen is not available for home heating at all today, save
for srmall-scale trials, and given the lead times to complete
trials, build infrastructure and develop production it is not
likehy to be available for approximately 10 years.

When we think about how

to address the challenge of
decarbonising heat we need to
bear in mind that these are not
buildings, they are homes. Homes
have people living inthem who

by and large want to exercise
choice over how they live their
lives and the home improvements

they make.

Lifestyles vary from home to

home, from those who have

rmultiple homes, those invulnerable
situations, those whoare carers,
those with large families, those
working fromhome and thosein fuel
peverty. The transition to low carbon
heat may involve asking consumers
tovoluntarily make changes to the
way in which they use their heating
systermand even configure their
homes.

Homes are also personal spaces, and
consumers will rightly expect some
say over the decisions that affect
them. From how future Systems work
and the level of comfort they provide,
to how they impact the aesthetics

Buildings are homes and people live in them

of their property. ltis reasonable to
expect consumers will want the
ability to input on low carbon heating
technologies available to them, to
ensure they suit their own wants, needs
and preferences —rather than passively
hawving & centrally determined option
imposed on them.

The familiarity of fossil boilers
creates an issue

The challengesthis presents are
underlined by the benefits current
fossil gas systems provide customers
with. Boilers can ramp up and down to
suit desired comfort levels. Theyare
easy to source and replace, relatively
cheap to maintain and run on a fuel
that provides the cheapest source of
heating and hot water available today.

@

area. This isa challenge for cities and regions aspiring
to reach net zero well ahead of 2050, such as London™

Additionally, having been present in
22 millian homes for over 40 years,
they are farmiliar.

Boilers are also relatively smalland
guiet to run. In the case of modern
combination boillers, they negate
the needfor additional equipment
such as a hot water cylinder. In some
homes they have been integrated
into spaces designed to store them
unobtrusively. Changing them for
some low carbon eguiprmert may
necessitate changes to a customer's
home that they may be reluctant or
unable toaccept.

Being aware of the personal
%~ impact this has on consumers
before presenting them with notice of

the need for change is important for
how we frame engagement.”
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oplions for- consumenrs

The low carbon heating technologies

that can help us meet this challenge

Approximately 85% of homes in

the UK will need to transition to new
low carbon heating systems in the
next 29 years. Given the average
heating system has an asset life

of 15 years we have at most two
replacement cycles within which

to complete this change.
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Technologies available today

Informulating a Green Print for Heating we can make use of
those technologies already available, specifically resistive
electrical heating, heat pumps (both can be combined

with a renewable electricity supply contract) and biomass.
The speed and scale of take up of these technologies has
not yet reached mass adoption and has largely relied on
Government incentives — only around 240,000 heat pumps
were in operation in the Uk atthe end of 2019, for example!*

Technologies available tomorrow

Additional technologies will also be available to us infuture,
Hydrogen is not currently used for heating or hot water inany
homes, beyondthose involved in current demonstrations.
There are also no commercially available appliances
capable of using hwdrogen to produce heat or hot water. The
development of hydrogen and hydrogen-ready’ boilers has
however progressed under the BEIS Hyd4Heat programme!®
established totest the feasibility of hydrogen as a fuel for
the home. Manufacturers such as Worcester Bosch and Baxi
have alzo announced plans to scale production of these —
and ‘fydrogen-ready’ —appliances inthe coming years. Gas
rnetworks, including Cadent, are leading a range of projects
to establish the technical feasibility of delivering hydrogen
to homes using the current gas network.

The need for a range of options

Sowhile cptions exist today. they will change over tirme.
This is not an excuse for inaction today — indeed, we
cannot afford such luxuries — however it does create the
opportunity for an approach that encompassesa range of
technologies, each suited to different circumstances. The
Government's Ten Point Plan reflects this, emphasising the
future role of both heat pumps and ydrogen. Cther low
carborn heating technologies such as heat networks will also
play a role where they can be economically deployed.

In this section we will explore how each of the key technologies
work and their suitability for different types of homes.

of homes in the UK will
need to transition to new
low carbon heating systems
in the next 29 years

Giventhe average heating system
has anasset life of 15 yearswe have
at mast two replacement cycles within
which to complete this change.
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There are several low carbon
heat technologies available to us.
The key ones are heat pumps and
hydrogen boilers.

=

Heat pumps are highly efficient,
capable of turning ane unit of energy
into several units of heat.

Hydrogen boilers are not commercially
available yet but will be scon. They are
expectedto work in much the same
way as fossil gas boilers do today.

Combination

g
iy _—

- i

Hybrid systems combine these two
technologies, using a heat pump for
the majority of heating needsand a
hydrogen boiler for peaks in demarnd.

Other heating systems will play a
role. In particular, heat networks are
well suited to areas of dense energy
demand suchas city centres.

o

The right’ solution is highly
dependent on the characteristics

of the individual home. & one size
fits all approach will not succeed. We
will need each of these technologies
if we are to succeed.
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Heat pumps

Heat pumps are commercially available to install in UK
homes today. There are three main types of heat pump, each
drawing heat frorm a different source: Air Source Heat Pumps
[A5SHFP), Ground Source Heat Pumps (GSHP) andWater
Source Heat Pumps (WSHF).

The characteristics of these technologies lend themselves
to different situations. ASHPs reguire less space than GSHPs
or WSHPs and so are more suitable for individual and smaller
hames. GSHPs require anarea of land to draw heat from

and 5o are more suited to larger properties ar commurnal
developments. WEHPs needto be sited next toa body of
water such as a river and are therefore more suited to city
developments. Inthis sectionwe largely focus on ASHPs
giventhey are expected to form most domestic heat pump
installations in future.

Highly efficient, but may involve additional costs

A key advantage of heat pumps is that they are highly
efficient. For every single unit of energy they use they can
produce aroundthree to four units of heat. Whereas a fossil
gas boiler would produce heat inthe form of hot water that
5 then distributed around a system of pipes to radiators,

a heat pump produces heat iri the form of warm water that
is then distributed around a systerm at lower temperatures.
This means that in some cases, to reach similar levels of
comfort as a fossil gas baoiler, a home may either neadto
instaltunderfloor heating or, in some cases, larger radiators
alengside the heat pump.

The heat pump systern also requires the use —andtherefore
sometimes the installation — of an internal hot water tank,
These differences can complicate the installation process,
potentially creating additional cost and disruption.

The need for energy efficiency

Heat pumps alsowork best in energy efficient homes and
as such may needto be accompanied by simultaneous
investment in other upgrades such as insulation. Without
supplementary upgrades less energy efficient properties
may even need a supplementary heat source for times of
peak demand as heat losses can prevent them maintaining
target room temperature on their own.
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Of course, these energy efficiency installations have wider
beneafits to the homeowner and the wider energy system.
Importantly they will be needed at some point for all
inefficient homes —regardiess of heating technology. The
installation of a heat pump may result inthese investments
being brought forwardtothe point when the heating system
is changed, however.

Heat pump efficiency will vary through the year...

The efficiency of a heat pumpis expressedin terms of &
‘coefficient of performance’ [CoP) rating, indicating how
many units of energy are produced for every unit of energy

it uses.In practice, although a single CoP figure is givenfor
each heat pump model, the real-life perfarmance will be
withira range depending on how hard the Systemis made
towork—orin other words, depending on the ambient
ternperature and the target temperature the systemis set at.
It general, the lower the ambient termperature and the higher
the target systemtemperature, the lower the efficiency of
the heat pump.

For example, Viessman suggest their systems can achieve
a CoP of 45 (that is 450% efficiency, or 4.5 units of energy
output for every 1.0 unit of energy input) when the ambient
temperature is 7°C. Thisfalls toa CoP of around 2.3 at an
ambient temperature of -7°C"

. / ¢ The installation of a

> heat pump may result
in these investments being
brought forward to the point
when the heating system is
changed, however.”

...with lower end of the range correlating with periods
of higher heat demand

While such low temperatures are relatively rare in the UK,
heat dermand will typically inversely correlate with the
ternperature outside. In other words, as the temperature
outside falls, heat demand will rise. This means that, given
most heat dermand occurs when heat pump conditions are
less favourable resl-world CoP performance may therefore
be somewhere below stated maximums. Importantly this
dlzomeans that electricty demand from heat pumps will
increase per unit of output at times when heating is most
needed, for exarmnpie when it is cold.

Installing a heat pump in existing homes

The efficiency of various heat pump systems can therefore
be better interpreted using a Seasonal Performance Factor
{SPF). This represents the average efficiency of the system
over the course of an entire year. Under Uk conditions this
may typically be around 2.5-3.0;"7 levels of efficiency still far
ahead of alternative technologies.
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Wheninstalled correctly heat pumps can provide specific
roeom by room termnperature control. Some units also have
theadvantage of being able to provide air conditioning.
Capital costs are dependent on the size of the system, and
the extent of any conseguential upgrades to the systerm or
building fabric.

Healpump home

Mesar hﬂiiﬂ.:.pl.ﬂ'ﬂp cost E?.zéﬂ to £10,000

P ydfrogen home

Mew boiler cost £2,500

Energy efficiency ratrofits £0 to £10,000

Energy efficiency ratrofits not essential

Electricity prices 19p/kwh to 21.5p/kwh
Elactricity only cooking

Hydrogen prices 10 to 15 p/lwh
Can retain hydrogen for cooking new H: cooker required

Time to install 2 to 4 days

Timea to instaill 1 to 2 days

Ingudaiion - & good ifes
bl wol egseniial

Hew-hydrogen
boiler

Hew-gas meder
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Hydrogen boilers

Several appliance manufacturers have already developed
hydrogen versions of current domestic fossil gas appliances
under the Government's HydHeat programme. These include
cookers, fires as well a5 boilers.

BaxiandWorcester Bosch, major manufacturers of fossil
gasappliances, have developed prototype boilers that

are capable of safely burning fossil gas teday andthen -
following a mincr conversion process — pure hydrogen at
some point in the future. Several pilot and dermonstration
hydrogen boiler examples are today inuse at trial locations
across the country Dut are not commercially available.

A near like for like replacement on installation
Manufacturers have suggested that when producedat
scale they will cost no more than fossil gas boilers do today,
approxirmately £2.750. These boilers work in the same way
ascurrent fossil gas baoilers and would essentizlly be a like for
like replacement with the existing boiller. There may be other
consequential costs. For example, it is likely that switching
fram fossil gas to hydrogen may require the installation of

a new gas meter.

Unlike heat purmps, thers will be no need to change the
heat distribution systerm following the installation of a
hydragen bailer, nor any immediate need to improve the
energy efficiency of the home. That is not to say that
homes converting to hydrogen do not need investment
inenergy efficiency. Many will. Indeed, doing 5o will reduce
the heat demand and therefore the ongoing running costs
of the system.

Instead, the point is that a conversion to hydrogen is not
dependent oninvestment in energy efficiency upgrades
andthat the investrment necessary for these upgrades can
occur when the consumer chooses, not when the appliance
isinstalled. A further benefit of the new hydrogen cookers
andfires that have been developed will be safer than those
used today as they will have automatic shut-off valves,
something that is not mandated on current appliances.

£2.750

Manufacturers have suggested that
when produced at scale hydrogen
boilers will cost no more than fossil gas
boilers do today, approximately £2,750
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Higher fuel costs

Howewver while the cost of these hydrogen appliances is
also expectedto be largely the same as today, the cost of
the hydrogen fuel itself is expected to be higher and, like
renewable electricity, will reguire subsidy to protect the
customer as production scales enabling prices to fall.

It is reasonable to assume that while homes installing
Frydrogen boillers will generally have a significantly lower
capital cutlay when compared with heat pumps, their annual
running coests will typically be higher.

The UK's first homes with boilers, hobs, cookersand fires
fuelled entirely by hydrogen have been built in Low Thornley,
Gateshead, with funding from the government's HydHeat
innowvation programme, Morthern Gas Networks and Cadent.
These houses have a three-year lifespan with potential for
thernto run for longer, up to 10 years. They are intended

to showcase the use of hydrogen fuelled applications ina
real-world dormestic setting, dermonstrating the potential

of hydrogen energy to help achigve the Government's
ambitions to eliminate the UK's contribution to climate
change by 2050.

Hybrids

A hybrid heating system combines 2 smaller ASHP with an
altermative heating source — most likely a gas boiler burning
either fossil gas (today) or hydrogen [future). This enables

a reliable supply of heat to be delivered all year round, with
the ASHP elerment providing a constant source of ‘baseload’
heat and the gas boiler providing any boost required to mest
a peak indemand, for example on the coldest days of winter.

System configuration and use determines

efficiency and cost

This is a low carbon solution which delivers emissions
savings that vary depending on the overall efficiency of the
systern, whether it is using the heat pump or the boiler and
the source of any gas used.

Hybrid heat pumps can be installed alongside existing gas
boilers to provide animmediate reduction in emissions.
Furthermore, a hybrid systerm does not require any internal
pipework to be replaced. The existing radiators and pipework
canalso be retained, thowgh the heat pump itself will require
space inaddition to the gas boiler.

Hybrid system operation

The systern will work in either heat pump or boiler mode depending on the conditions andfor custormer choice.
Weather compensation control can be added to ensure it operates inthe most efficient way.

Other heating systems

Althoughthis report focuses principally on heat pumps and
hydragen —the two technologies most kel to play material
roles inthe decarbonisation of heat — it is worth noting that
there are a number of ather technologies which may be
relevant in a sub-set of UK homes, either because of their
gecgraphical location or because heat pumps are unsuitable
for the building and hydrogenis not available inthat area.

Resistive heating

These systems pass electrical energy through an element
which, through the process of resistance, creates heat.
Typical examples include storage heaters, common inmary
homes heated with electricity today. Given the relativehy
high price of electricity and their poor efficiency compared
to hieat pumps, these systems can result in higher running
coststhan some alternatives. They may however be suited
to well-insulated buildings in locations without access to
green gasandwhere ASHPs are not appropriate, for example
for reasons of space.
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If might storage heaters are used to take advantage of
cheaper electricity on a two-part tariff overnight, then

the guality of evening heating may not be as good as the
custorner is used towith fossil gas. There has, however,
been some innovation in this area - one example being the
availability of energy-efficient infrared heating panels in
place of conventional electric radiators. These also retain
their heat for longer after the heating has been switched off.

Resistive heating however [acks the efficiency of a heat
pump, operating insteadat an equivalent SPF of 1.0.In effect
therefore, it lacks the primary bensfit of 3 heat pumpand -
because of the necessarily higher renawable capacity and
network reinforcement requirements to support demand -
has greater downsides.
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Heat networks

Heat networks, which for the purposes of this paper
include both communal and district heating schemes, have
one central energy centre that produces heat and thean
distributes that heat around the network via a network of
insulated pipes. Typically, custormer premises have neither
a gas boiler nor a heat pump but a Heat Interface Unit (HIW)
which enables metenng and control of the heat.

Heat networks are particularly suitable inareas of high heat
dernand density such as city centres, but highly unsuitable
toareas of mediem tolow heat demand density. This
materially imits the number of homes that will be able to
connect to a heat network in future but provides a real low
carbori alkernative to those homes located near one. The
CCC estimates that heat networks could provide up to 20%
of future heat demand.

Oneadvantage of heat networksis that although most
energy centres use fossil gas today, the process of
corverting them to low carbon sources of energy will need
ta ke done only once in order to decarbonise all homes on
that network. This can be done by either installing a large
heat purnp or converting the fossil gas engine to run on
green gas.

Heat networks are howewver natural monopolies and
customers would lose access to the competitive retail
market. Although studies have found that on average heat
network customers pay about the same as custormers
onthe mains gas network, there are examples where
custorners pay substantially more’® Customer research
carried out by Which? also highlights a lack of control
causing dissatisfaction among some customers, along
with concerns over value-for-maongy and in Some cases
unreliable heat™

Some of these issues could potentially be mitigated or
solved through the intraoduction of regulatior — something
that the sector lacks today. This has been accepted by BEIS
whio are working now to put the market under a statutory
regulation framework?t
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Biomethane

Biomethane is an alternative green gas made from organic
matter such as hurman, agricultural, food or distillery waste.
One major advantage of thisis that one input for these
feedstocks is carbon dioxide, whichis then carried over in to
any biomethane that is produced. While norrmally this carbon
dioxide will be released when biomethane is burnt, if it can
be captured at source biomethane could act as a negative
emissions technology. And froma customer point of view,
when bicmethane isadded to the gas gridit becomes
invisible, requiring noe new appliances or consequential
changes tothe customer's property.

Biomethane can generally be made in one of two ways -
eithervia anaerobic digestion, the main techinology deployed
inthe UK and elsewhere today, or via thermal gasification.
The latter technology can potentially be used inmuch larger
plants butis currently a less developedtechnology.

The real barrier to biomethane being usedat scale for
heating is that there is insufficient supply to satisfy more
than a fraction of future UK heating demand —and given
the nature of the feedstock a limited opportunity toincrease
production. There are approximately 100 biomethane
facilities in the UK today, making around 4 TWh of
tiomethane?! perannum, equivalent to lessthan 0.5%

of annual fossil gas dermand in the UK.

Within the Cadent region alone there are 36 biomethane
plants connectedto our gas network with anather 20 either
in planning or being construction. Together they willadd
afurther 4 TWh of biomethane per vear into the network.
This picture is reflected across the country with the recent
extansion of the Green Gas Support Scheme. Inits central
case, BEIS* expects anadditional 2.4 T'Wh per year of
bio-methane production on average overthe period

from 2025 to 2046.

Within the Cadent region alone there

are 36 biomethane plants connected to
our gas network with another 20 either

in planning or being construction

I contrast the CCC? estimates a biomethane supply
potential of 20 TWh per year by 2050, although pathways
proposed in their recent Sixth Carbon Budget report suggest
upward revisions to these numbears.

In the mediurm term, biomethane can readily be accommodated
inthe gas distribution pipeline system alongside bydrogen
blended at a rate of up to 20%.In the longer term, howewver,
gas distribution networks corvertedto carry 100% hydrogen
would no lenger be able to accommodate any amount of
biomethane. Biomethane may therefore make its main
longer-term contribution in regions where full hydrogen
conversion does not take place, off grid properties
unsuitable for electrification and as a transitional fuel

for heawy transportation.

Technical suitability

We believe that net zero plans
today may have failed to fully

building types. The resultisa
wide variety of opinions on the
addressable market for each
technology. For example, the

could feasibly take a heat pump.
A similar assessment by the EUA
puts the number at 46% to 63%

Whatever the figure, both data sets
outline a future energy systemusing
assess the feasibility of installing a balance of technologies - ASHPs,
different technologies indifferent | hybrids and hydrogen. More thorough
detail is expectedto come from the
BEIS Electrification of Heat programime
which is installing approximately

750 heat pumps in different types of
CCC assume that 70%™ of homes buildings to assess the achievability
and compatibility of such systermns
with different building types.

7 In the medium term,

~ ' biomethane can readily
be accommodated in the gas
distribution pipeline system
alongside hydrogen blended

at a rate of up to 20%.”
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460 70%

Estimated proportion of homes
that can feasibly take a heat pump
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Whal role can
nydrogenplay 7

Production, safety and what

conversion might look like

Since it is now clear that we must
address all emissions, there is
renewed interest in fuels which can
provide a viable solution. Hydrogen
can be instrumental to this in many
areas of the economy - something
Government has shown support

for by putting hydrogen as one of
the key deliverables in their recent
Ten Point Plan. This interest is not
limited to the UK. More than £200bn
is being invested across at least 200
large-scale projects around the world
right now as other countries seek

to exploit hydrogen’s potential

as a clean fuel?¢

Hydrogen doesn't typically exist by itself in nature and
must therefore be manufactured using one of a variety

of processes. Each process adds cost and like all energy
transforrmation processes, comes at the cost of some
efficiency. Once energy is convertedinto hydrogen
howewver it can be stored and transported andthen
turned back into cther forms of energy. This makes it
tremendously versatile, capable of usesin the power,
heat and transport sectors.

Despite this potential and the renewed interest inbydrogen,

public awarenessis generally low. In this section we will
therefore lay out the key facts about hydrogen, including
how it can be produced and where the industry has gotto
in terms of demonstrating technical feasibility and safety
within the netwaork, homes and businesses.
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Hydrogen is tremendously versatile,
ableto be stored and transported and
then turned back into other formes of
energy. This means it has a range of
potential uses across the power, heat
andtransport sectors.

Certification
- schemes

t will be important for consumers t
have confidence inthe low carbon
credentials of future hydrogen
production. Certification schemes
assuring consurners of its low carbon
content will be needad,

"F'utl.l_r_e
projections

Projections of how much hydrogen we
will need vary significantly, Whilst there
is agreement that Fydrogen will play a
role inthe future energy mix, it is not yet
clear how much of this will be needed
to heat homes and businesses,

LRURL

Safety of
hydrogen

Work is underway to demonstrate
the safety of hydrogen with projects
around the country testing its use
under a wide variety of conditions.
Findings to date have found no major
safety or technical issues.

Wiork that was already underway
toreplace oldiron gas mains with
plastic is effectively now making the
extensive [ower pressure gas network
better for carrying hydrogen. 92% of
our retwork will be plastic by 2032,

Héé_ﬁ-i:echnulugy
options ¢

Given the uncertainty over the

future mix of heat technologies,
optionality is important. This means
retaining a comvertible gas network
and progressing all the steps necessary
for byydrogen to fulfil the role ervisioned
inthe CCC's Headwinds scenaria.
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What role. can Rydrogen play? conlinied]

What is hydrogen?

Hydrogenis less well-known than the fossil gases in use
today. It is the lightest element inthe Periodic Table, known
for being a very small moleculs with high energy density.
At standard temperature and pressure itis a nan-toxic,
odourless, tasteless and colourless gas. This means that -
inthe same way as we dowith the fossil gas usedin homes
today —a unigue odour would need to be addedtoit in amy
future gas network.

It is versatile

Hydrogen's properties mean that it can be usefully applied
inarange of use cases Because it canbe eithera gasora
liguiditis capable of Deing stored for long periods of time
in either pipes, ships, tankers or even natural underground
structures like satt caverns: This means that it is capable of
being produced in one season and then used inanother.

Onece produced it can also be used for several other
purposes, such as producing heat, industrial processes,
making electricity or powering fuel cells.

2 ow- carpon hygfrogen progfuckion

The colours of hydrogen

Its properties asa long-term, flexible store of energy is
valuable in an energy system which is becoming more reliant
oninterrmittent power,

Physical properties create drawbacks

Itis important al5o to note the limitations of hydrogen. The
processes to manufacture it today are expensive compared
tofossil gasesand renewable power. Its properties as a light
gas rmean that if tis released it dissipates guickly intothe
atmosphere —a positive — but also that it can pass through
some materials over time,

It has a higher energy content than fossil gas but is less
dense, meaning that roughly three times the volume of
hydrogen is needed to generate the same amount of
energy as fossil gas. Finally, it also combusts differently
to fossil gas. This means that appliances using hydrogen
needto be specifically designedto account for this. This
rmeans that appliances that use fossil gas today would likely
needto be replaced rather than converted.

Chamical formula H, CH,

Density (kgfm®) 00838 0716

Molecular weight (g/mol) 202 16043

Lowar heating valua (MJ/kg) 120 50

Higher heating value (MJ/kg) 142 55

Minimum spark ignition anargy (mJ) 002 0.29

Laminar flame speed (cm/s) 230 42

Flame temperature in air (*C) 2045 1950

Flammability range (%) 4-75 5-14

Energy par mass (KWH/Kg) 109 138

Amount produced TaMtoa 3.5 Mtoa {biomathara)

globally today (Mtoe) 3,886 bom {natural gas)

Sources Water, naturaigas, coal, bicmass, Biomass, natural gas, coal petrolaum,
petraleum Ilivestock emissons, landfill waste,

agriculture

Methods of production Steam Mathane Reforming {SMR), Hydrogenation of CO., Anaancbic
Autcthermal Reforming (ATRL, Electrolysis, Digesticn, Gasification
Gasification

Properties of the gas Colourless, odourless, tasteless, non-toxic, Colowless, odowress, palke flame, non-

fian-metallic, non-solsonous, invisitle
flama, low radiant heat, low viscosity,
highly combustible, non-corrosive (but
caneambrittle), most abundant elemant on
aarth, lightast molecule inthe universe

toxic, highly flammable, non-corrosiva,
coours abundantly innatura, most
potent of the greenhouse gases
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Whal role- can hydfrogen play ? conlinued

The colours of hydrogen

Cadent supports the UK's 2050 net zero target and believe
it will be very impaortant to consumers to have confidence

in the low carbon credentials of future hydrogen production
methods. We do not believe continuing to give hydrogen
acolour in its description is helpful in doing that howewver.
Instead it is important that any bydrogen we produceis
done to specific carbon standards, backed by a certification
schermes that assures consumers of its low carbon content.

How much hydrogen do we need?

It i5 becaming more and mare likely that hydrogen will
play animportant rele in helping us get to net zeroin hard
to abate sectors such as industry, heavy transportand
intermittent power generation. Asthis paper explores, it is
also likely that hydrogen will a role to play in decarbonising
hiome heating.

Cseder  Poecldemondin2050  Commews ; = T

Industry 50-150TWh

There have been a range of studies assessing the likely
wolurme of hydrogen we will need for these uses™ These

Annual hydrogen demand for heating by 2050

studies estimate valume requirements of between 100 TWh
and 300 TWh peryear, by 2050. National Grid go further and
estimate total hydrogen demand of over 500 TWh inone

of their three net zero compliant scenarios™ To put that in
context, it is the equivalent of today's UK annual electricity
CONSUrmption.

COC Wider Engagement

EMA Electrified
FES Customer Tremsformation

The wide range of estimates on the amount of bydrogen (e Inmoetion

thatwe might need mean that gas networks like Cadent
are planning for a wide range of potential eventualities.

Our focus has therefore been on establishing the technical
andfeasibility aspects of a gas network that can in future
enable such use.

COC Balanced

GO Tailwinds

FES Leading the Way
EN&Balanced

CCC Headwinds

FES System Transformation
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Hydrogan is the most technically and economically feasible
low-carbon faadstock, and source of high-temperatura
heat, for many industrial processes. This range reflects

the potential to alzo use hydrogento generate lower
temperature heat

Transport 50-100TWh

Hydrogen is expectad to have a rok in fuelling large vehicles

Is hydrogen safe?
suchas HGVs, busaes, trains and tankers

Hydrogen has many advantages as an energy source, but it

50-100 TWh

Hydrogen is increasingly sean as a viable low-carbon
altarnative to fossil gas for peak dispatchable power
genaration

also suffers from some negative connotations in the minds
of the public. Pecple often associate hydrogen with events

Buildings 0-200TWh

suchas the Hindenburg disaster andassume it is inherently
unsafe — even though they safely use fossil gas today. Itis
not encugh to tell consumers that hydrogen is safe, however.
We neadto demonstrate that hydrogen for heating will at

Hydrogan is one of the leading options for decarbonising
heat in bwildings, alongside heat puemps and heat networks.
the large rarge here reflects significant uncertainty over
hydrogen's role veraus the altermatives

Total range 150 TWh- 550 T'Wh

|=z st achieve the high safety standards as they have come
to expect from the existing fossil gas network.
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Work is underway to demonstrate that bydrogen can do just
that, with projects aroundthe country testing hydrogen use
under a wide variety of laboratory and real-world conditions.
Each of these projects involved the development, subrmission
and approval of initial safety evidence before the trials could
COMMEence.

Trials are underway

The first trials to assess the effect of blending hydrogen
with fossil gas took place at Keele University®, and covered
the distribution, supply and use of blendgead bydrogen

ir residential properties, invalving approximatety 100
consumers. This trial found no major safety or technical
issues. Having satisfied the Health and Safety Executive
[HSE} and other authorities of its safety aspects, the next
stage will be to proceed with a real-world demonstration
of 100% hydrogen in people’'s hemes — something that is
now progressing.

150 200 250

Tobaid annwat Rygrogen feswanyg for eat T

Thisis not the only work underway. Cadent and the
wider gas sector are actively leading a broad range of
hydrogen-focused projects and programimes, designed
to dermonstrate safety primarily focused on the following
Six areas:

> Home safety: |5 it safe to use inthe home?

= Network safety: Can it be safely transportedin the
gas network?

= Blending: Can blended hydrogen be used with
existing infrastructure andappliances?

> Household switchover: How will homes switch over
to hydrogenin practice?

= System operation: How will gas system operation
needto evolve to handle hydrogen?

> Industrial conversion: How will industry convert to
hydrogenin practice?

The outputs of these projects will be to provide all
the technical and safety evidence which the HSE and
Government can use to determine whether hydrogen
can be consideredas a suitable home heating fuel.
The bar for this is rightly high with conclusive,
guantitative evidence needed before the HSE are
satisfied that bwedrogen is at least as safe as fossi gas.
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Whal role can hydfrogen play ? conlinued

” We need to

- demonstrate that
hydrogen for heating will at
least achieve the high safety
standards as they have come
to expect from the existing
fossil gas network.”

Can we safely blend hydrogen and fossil gas?

Phase One of our HyDeploy project at Keele University,
involving approximately 100 consumers, is now complete
andhas successfully demonstrated how hydrogen blended
to 20% by volume with fossil gasin a plastic gas network
can operate safely. While this is promising, we will need more
comples real-world trials to confirm the safety evidence

for blending before it could be rolled out more widely.

Phase Two trials are therefore incorporating a wide variety of
pipes and equipment, a5 well as more customers, including
several business and commercial custormers. Further
research is planned which will follow this with demonstration
projects incorporating a broader range of business and
commercial customers, running until the end of 2023,

These projects are intended ta demonstrate the techrical
evidence for blending tydrogen at scale from the middle
of this decads with the aim of then using the hydrogen
production plannedin areas of heavy industry suchas
Aberdeen, Teesside, Humberside and the North West,

By way of example, if these dermonstration projects are
successful, Cadent's HyMet Morth West project could
sesmore than 500,000 customers in the region receiving
blendedhydrogen by 2027,
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Can hydrogen be safely distributed around a network?
One of the merits of hydrogen ira future energy System is
thatwe can re-use a significant amount of the gas network
—a gas networkwhich is already there and that custormers
hawve already paidfor.

Cadert, like all other gas networks operators, have been
replacing old ircn maing with new plastic (potyethylene) pipe
for the last 40 years. Although the project was originally
established to replace ageing cast iron pipework, this work
is effectively now making the extensive lower pressure gas
network better for carrying hydrogen.

Today approximately 72% of Cadent's overall netwark has
beenreplacedwith plastic. While the proportion converted
to date varies by geography, we expect this figure toincrease
to over 92% by 2032, This is not to say that the gas network
needs to be entirely plastic in order to carry hydrogen
safelyand effectively. Indeed, we are working with the HSE

to establish just what mix of matenals are compatible with
100% hydrogenacross a range of situations.

92% Plastic

92% plastic mains by 2032 due to out mains
replacement programme

Upgrading the gas network

| D%-50%:
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A network is more than pipes

A network is not just made of pipes, however. There are also
agsets suchasvalves and governors that help to safely
control the flow of gas. Work is therefore needed to test the
compatibility of all these different types of assets andto
establish new safe working procedures to operate them
both on blends and 100% hydrogen.
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We are working closely with colleagues across the industry
as part of the H21 project™ to demonstrate the safety
evidence for transporting hydrogen across the gas network
right now. This wark is detailed, rigorous and in-depth,
testing every possible aspect. Phase One hasfocusedon
assessing the impacts of any hydrogen leaks and ignition
potential from above and below ground assets. Phase

Two is currently focusing on establishing new operational
procedures for working on hydrogen pipes and assets.
Phase Three will be to run a live trial on an existing gas
network, starting with around 50 homes in 2022, followed
by approximately 600-700 homes in2023.
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Whal role can hydrogen play ? conlinued

Is hydrogen safe to use in the home?

Establishing hydrogen safety inthe home bas been led

by the Department for Business, Energy and Industrial
Strategy (BEIS) as part of its Hyd4Heat programime?’ This
has sofar found that a comparable safety profile to fossil
gas is achievable if minor mitigatory measures are taken,
for exarmple the installation of excess flow vahes and flame
failure devices onappliances. These mitigations aside, it
should be noted that one clear advantage of using hydrogen
in the home is that it does not carry the same risk of carbon
monoxide poisoning present when burning fossil gas.

The Hyd4Heat programme has also provided answerstoa
nurmizer of safety related questions posed at the start of the
work, such aswill customers be able to see a hydrogen flame
fand therefore know if it is burning), will customers be able to
smella hydrogen leak as they can withfossil gas today and
will customers have to replace theirinternal pipework.

5@@ homes

A series of demonstrations in occupied homes,
starting with a small-scale trial of less than 500
homes on a new 100% hydrogen network will be
followed by another small-scale project on

a repurposed gas network
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The impact on the design of consumer appliances

The programme hasidentified that changing the burner
design of cookers and fires eliminates the need for any flame
colourant to be added, knowledge which is now being used
by manufacturers as they develop hydrogen appliances.
The programme has also establishad that the same odorant
used today with fossil gas can be used with Fydrogen.
Importantly the prograrmme has also demonstrated that
frydrogen behaves no differently to fossil gasin internal
pipework. In other words, if fossil gas is distributed safely
around the home teday, hydrogen will be toa.

The next steps will be important in developing this safety
evidence still further. A series of demonstrations in
coccupied homes, starting with a small-scale trial of less
than 500 homes on a new 100% hydrogen network will be
followed by anather small-scale project ona repurposed gas
rietwork. This will need to be followed by a deployment-scale
demanstration showing how the conversion of a whole
village or town could ocour, involving up to 5,000 homes.

Hydregen could be coming to you soon

The total of these efforts means that over the coming few
years consumers could expect to see a proportion of their
gas delivered as hydrogen, without any needto change their
applances or invest in different equipment. [t is anticipated
that early blends of bywdrogen will cost no more than natural
gas today, encouraging consumer demandin much the
same way that green electricity contracts were sold.
Consurmers may also come to expect that if their boiler fails
during the next decade, they may be able to replace that
appliance with a hydrogen-ready equivalent —i.e. a bailer
thatis able to burn both methane and hydrogen following

a simple comnversion.

How a conversion to hydrogen

might happen

The industry's worki on hydrogen to date has largely been
focused on the technical and safety aspects of producing
and distributing it. However we also need to consider how
ary transition will happen, where it will happen, whean we
should start engaging people and how that conversation
should be conducted. Importantly, we also needto consider
whio will be responsible for delivering a town by town
transition programreme.

Within this, it will De important to ensure that the end-to-end
narrative for policy makers shows how it is achievable and
will help customers, that customers overall will benefit and
that net zero will be achievedin a fair and cost-effective way.

We hawve not yet articulated how the energy transition will
work in the contest of hydrogen. Inthis section we set out
whatwe know today and what we aim to find out throwgh
pilots andtrials that are in early planning stages. We'll also
share a perspective of how hydrogen could be relled out
across the Cadent region, and in what seguence.

Optionality is important

Aswe discussed in earlier sections, the UK Government

has yet to decide just how much hydrogen is reguired for
heating our homes in the future. While there i3 a general view
that electrification will be used wherever appropriate, thisis
caveatedwith an acknowledgement that there will be a need
for hydrogen andior ybrid solutions where this is either
difficult or uneconomic.

Inthe CCC's Balanced Scenario there s just 23TWh of
hydrogen neededfor heat in buildings. However, there isn't
sufficienthy granular data toyet establish if the majority of
this is spread over just the winter months in a wide number
of properties as would be neededwith hybrids, orina small
numirer of geographic regions throughout the year as would
e required with hydrogen boilers.

The Balanced Pattway imples large scale uptake in heat
purnps and energy efficiency retrofits overthe next 51010
years. By the time hydragen is available to deploy at scale

we will have good infarmation on the extent to which policy
and consumer acceptance has deliverad the levels of heat
pump and energy efficiency demand that underpin this
Pathway. In the meantime, Cadent is working to ensure we
hawve optionality by enabling a network capable of supporting
a rale for hydrogen.

Setting out 'no regrets’ approach
Let's focus onwhat we do know, and therefore what
seams like a sensible no regrets approach.

= Thefuture energy system reguires hydragen in order
to decarbonise industrial use and there will therefore
be hydrogen available in locations close to industrial
clusters — with the nead for hydrogen pipelines and
storage nearby.

> Thereisa merit order of technologies for low carbon
home heating and of the options available today
electrification is the first option. A regional and
national view of the reguirements for winter peakand
resilience and custormer acceptance is required in
arder to shape and refine this merit order ina world
where hydrogen is widely available. It could therefore
be likely that 8 gas grid is required in most places.

= The CCC createdthe Headwinds Pathway to
demonstrate what could happen if there was a
delay inthe proposed roll out of heat-pumpsand
energy efficiency retrofits. Based onthe reasonable
observation that UK energy policy has experienced
mixed success in delivering intended outcomes
that directly affect customers' homes, it is sensible
to retain optionality and retaina corwvertible gas
network as at least a reasonable option.

> There isaworld market developing for bydrogen,
with large amounts of money being investedin
advancing the technology and bringing costs down.
With hydrogen unlikely to be available for heating at
scale until at least 2030 it is plausible that the price
of hydrogen will be substantially lower by this time.
It would be sensible to ensure steps are taken now
to ensure that the UK energy systemis setup to
make use of hydrogen should these cost reductions
transpire.

> The relative costs of converting and maintaining a gas
rietwork for this evertuslity is low in comparison with
ather potential contingencies available.

Retaining opticnality is therefore a sensible approach.
Ensuring we deliver this means making some decisions
in thie next five years to ensure that the network s ready
whenneaded,

Central to this optionality, based onthe CCC's
Headwinds Pathway, is enabling a hydrogen network
capable of delivering 182 TWh of hydragen for heat
demand by 2050, Planning for this does not imphy that it
will happen, just that it is plausible enocugh to prepare for,
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Whal role can hydfrogen play ? conlinued

How much hydrogen capacity should we plan

to build for?

Ensuring there is a resilient and reliable supply of hydrogen
isan important seling point for the UK and customers. After
all, noonewill 'switch' if there is even the possibility that the
gas could run out. it will therefore be crucial to ensure that
we take the learnings from the development of large volumes
of hydrogen production and storage capacity around the
plannad industrial clusters befare town conversions start

to happen.

Under the CCC Headwinds Pathway 376 TWh of hydrogen
isneededacross all use cases by 2050, We estimate that
this implies approximately 150 TWh of hydregen delivered
through the network in the Cadent region. When we consider
seasonal variability onthe volume of gas usedyear toyear,
this armount of hydrogen couldincrease by as much as 20%.
While we are not producers of hydrogen, it is important that
there is enough hiydrogen production capacity either inthe
UK or through reliable intercannection to meet the demands
of consurners. We therefore estimate that optionality

would reguire planning for a hydrogen network capable

of delivering between 120 TWh and 180 TWh of hydrogen
annually.

It will also e important to create the necessary mechanisms
to ensure supply interruptions are mirimised and that
consumers are protected as a priority. Recent studies??
have shown the UK has enough on-shore and off-shore
storage locations for the volume of hydrogen that could be
needed under a Headwinds Pathway. Our estimates, based
on extrapolations from the H21 report®, suggest we might
require access to 16 TWh per vear of hydrogen storage to
meet peak demand in the Cadent region.

/¢ While we are

/" not producers of
hydrogen, it is important that
there is enough hydrogen
production capacity either

in the UK or through reliable
interconnection to meet the
demands of customers.”

Al
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What do we need to consider as we plan

a conversion?

Assurming we need to convert the whole of the existing
gas network to hydragen in order to deliver 120 to

180 TWh per year, we needto map through how a town
conversion might happen in practice. In considering how
we might deliver a full corversion of our networkwe

will need to consider the following aspects:

> That all homes with a connaction to the existing gas
network may want the choice of selecting hydrogen
as their fuel, even if they may not then select it.

= That we must plan the town conversion tofinish earlier
than 2050 to ensure that the net zero target and
carbon budgets are met.

= That the towns closest to the industrial clusters
will receive hydrogenfirst as hydrogen supplies
become awilable.

> Thatwe must maintain a reliable supply of fossil gas
toall homes while managing a transition away from
it inadjacent regions.

= Thatall homes will be offered energy efficient retrofits
toreduce the overall demand for energy in the home
—regardless of whether their future source of heat is
electricity, hydrogen or a combination.

> The low and medium pressure gas pipes will be
repurposed for hydrogen, but the intermediate and
high-pressure pipes willneedto be relayedin order to
secure fossil gas supplies for towns while we convert
adjacent places.

= The town roll out plan will be synchronised with
stepped production and storage increases to ensure
there is enough hydregen for the next stage of the
conversion.

> That hydrogen ready appliances will replace new fossil
gas only appliances from 2025 to reduce the resource
and skills burden on the day of hydrogen conversion.

= That planning for electrical upgrades can happen
sirmultaneously to avoid disruption to the customer.

= That there will likely neadto be several conversions
happening intandem to enable national conversion
to be delivered.

What might a conversion plan look like?

Based on the previous assumptions, we therefore expect
town corversion to be delivered in the following sequential
phasedapproach:

= hydrogen production starts at scale with the industrial
clusters;

= short lengths of 100% hydrogen pipelines then start
todeliver hydragen 1o industrial users withina region;

= storage will be built in parallel to match demand at the
scale reguired. Long-term and short-term stores of
hydrogen will be developed in onshore salt cavernsand
offshore gas fislds,;

= strategic sections of the existing methane national
transmission systemwill be re-purposed where feasible.
Where this is not feasible, a new hydrogen national
transmission 'spine’ will be built to interconnect different
distribution networks, enabling regional conversion and
resilience;

= surplus hydrogen from industrial clusters will be blended
up to 20% by volurme into the current gas grid 25 a8 way
of providing a stable demand base and immediate
decarbonisation benefit; and

= ag production and storageis scaled, regional comversion
cantake place with sections of new transmission
rmain enabling distribution zones of approximately
2 5k properties to be corverted at a time.

What is crucial about this planning approach is that it

gives a sense of scale and importance tothe transition.
Decisions around the laying of new mains and hydrogen
infrastructure, if they take too long, simply won't enable them
to be delivered in time. Far example, a plan that delivers

full hydrogen corversion would reguire delivery of the
Government’s 5GW hydrogen production capacity target by
2030 and well-formed conversion plans from 2025 onwards.
This means that early indication of heat policy decisions and
specific area plans detailing the role of hydrogen are needed
over the next five years.

O million

Between 1969 and 1977 the UK converted or
replaced over 40 million individual gas appliances
for over 13 million customers to run on a new fusl
—fossil {natural) gas
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What can we learn from the conversion from town gas?
Until the 19605, UK fossil gas supplies were manufactured
fraom coal or oil and known 25 ‘town gas’. Then, between

1969 and 1977 the UK corverted or replaced over 40 million
individual gas appliances for over 13 million custemers to run
on a new fuel-fossil inatural) gas.

The processwas carried out regionally by the twelve area
Gas Boards existing at that time, with central co-ordination
initially provided by the Gas Council. Regional conversion
strategies were determined by the availability of the gas
andthe relative position of the supply grid.

Anemphasis on consumer engagement
Motwithstanding the fact that corversion was offered free
of charge, there was initially some customer resistance
fuelied by negative media reports. & public engagement
programme setting out the rationale for the conversion
was put together utilising letters, radio talks and video of
the conversion works in practice.

A public information campaign supplemented this effort with
a leaflet delivered to every home answering key questions.
These direct communications started eight months before
the conversion of a customer's area and continued right up
uritil the weelk before in-home work was to be carried out.

Accessto people's homes was addressed through the
provision of very bold, colourful cards which enabled
customers to state when they would be in or where a key
would be left. Language barriers within non-English speakers
were overcome by publications in foreign languages.
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2. 5my

By 1971 customers were being converted at
a rate of 3,200 per week, and inthe peak year
2.3 million households were converted

Impact

By 1971 customers were being converted at a rate of

3,200 perweek, andin the peakyear 2.3 million households
were corwerted. Fossil gas from the North Sea was cleaner,
safer and cheaper than the town gas which preceded it.

It contained, for example, far less carbon monoxide. & large-
scale move to gas-fired central heating was also facilitated
andthe total household gas market more than doubled
between 1969 and 1977,

There are however important differences to today
Although many would agree that we have done this before
andtherefore can do it again, there are some significant
differences to today that any conversion ko green gasin
the future will need to take into account.

The conversion from town gas reduced heat bills and
greatly reduced safety risks. Today, the costs of hydrogen
are high in comparison to fossil gas. There will needtobea
sirilar compeling customer proposition to the conversion
ta hydrogen in order to gain public sepport, and some
subsidisation of the cost may be reguireda for pericd of
time —as has been the case with other technologies such
as renewable power.

The energy supply chain is significantly more fragrmented
today with 8 larger range of potential interfaces to contend
with. This could include shippers, distributers, energy
suppliers, appliance manufacturers, meter installers and
hieating systerm insurers. The complexity will add delay
and cost.

There is a significantly higher population of gas customers
today using gas for a wider range of uses. This increases the
rurmioer of homes potentially requiring a conversion, as well
asthe number of appliances that would needto be replaced.

Deveolution of power to Scotland, Wales, regions and cities
means that different geographical areas have far more
autonomy than they did at the time of town gas corwversion.
While this brings important benefits to pecple across the
country, it means any future national programme will greater
consideration of how it might be co-ordinated across
different areas of authority.

Finally, it is important to note that at the time the public
associated town gas with pollution far more clearly than they
do today with fossil gas. While there are increasing levels of
understanding about climate change and support for actions
tackling it, the polluting effects of emissions are farless
tangitle to the individual than they were in 1969, Consumer
engagement onthe 'cleaner aspects of arny corvearsion will
need to account for this.

UK household gas consumption 1965-1980
TWh

Source: BEIS.

Tawn 9as & HNaturalgas

So, what might a hydrogen town conversion look like?

Town to be converted is identified
through local planning.
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Cadent will have planned the route of the new
H; pipeline and divided the town into conversion
zones. Each zone will be connectad, whilst the rest

stay on fossil gas.

We'll talk to homes well ahead of
conversion to axplain plans, answer
questions and discuss options.

An enginear will visit to plan your conversion
and cheack for hydrogen-ready appliances and
any special circumstances.

Information will be sant Conversion will happen in the Your gas flame will change from
advising of the planned summer. Your supply will be blue to orange. A follow up cara
conversion perlod and Isolated and purged. You'll need team will be available if any
what to do. to be in and we'll provide a gas Isgues, on day or afterwards.

hob If neaded. Tha day ahead Mew supplier will now bill you
will be explained. Engineers may for hydrogen.
visit to fit meters and monitors.
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Section 2 brings to life consumer wants, needs and
expectations — and the implications they create
for how we deliver future heat for everyone.

believe fossil gas systems
contribute to climate change

0. 75%

haven't heard of various low
carbon alternatives

232%

proportion of consumers saying
they will not change from fossil gas
heating systems
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Understanding the consumer point of view

The second lens any Green Print needs to consider is that of
the consumer, ensuring that we deliver fully considers the
impact on both consumers and wider society. Approximately
80% of UK consumers are concerned about climate change
according to BEIS, with 51% believing it is either entirely

or mainly caused by human activity®

Despite this, consumers are not aware of the impact heating their homes
has on carbon emissions and the challenge of net zero. Given there are
22 million homes in the UK today using fossil gas for heat and hot water
this is a problem. All these systems will need to be replaced between now
and 2050. In doing so we need to be mindful of the scale of the challenge
and the level of support that people will need to adapt.
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Thereis growing consurmer
acceptance both that climate change
5 realand that it is entirely or mainky
caused by human activity.

Consurmers also typically prioritise
reliability, control andthe absence of
disruption during any transition.

Yot awarenass of the contribution that
fossil gas heating systems maks and of
the low carbon alternatives is low.

Engaging trusted scurces of information
inthe mission, such as tradespeople,
will e crucial to SUCCRSS.

While sustainability is a growing
motivation, consumers are still ikely to
prioritise cost over it. In the absence of
a clear financial incentive for change,

engagement 1S even moreg i""['.lf_'lrtﬁ"lt.

Ifwe are to secure consumer buy-in,
ensuring that people fealthey hawve

a say will be important. & balance
between the need for local ares energy
plans and consurmer choice needs to
be found,
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The need for consumer engagement

How do we get consumers towant to change? Engaging
consumers on the challenge ahead, the needto endfossil
gas usage, the alternatives available, their advantages and
disachvantages, what the implications are for households and
where they can get support to pay for it will be vital. The first
stepin doing this is understanding what consumer wants,
needs and preferences are, what the barriers are to adopting
low carbron heating and how we might avercome them.

We therefore reviewed existing consumer résearch

literature on the subject to identify key themes™, and then
supplementedthis with our own research® speaking directly
to consumers to understand how they thought about the
transition to low carbon energy.

Perceived contribution to climate change

Peoples’ awareness of the challenge
ahead and the various solutions is low

Whereas flying inan aeroplane, burning coalto generate
electricity or failing to recycle are front and centre of
peoples’ minds when they think about ways in which we
contribute to climate change, how we heat our homes
does not hawve the same resonance. There is a disconnect
between burning fossil fuels in power stations and burming
fossil fuels inhomes that needs to be addressed.

Bright Blue's research emphasisedthis point, finding that
although 77% of people agreedthat flying on aeroplanes
contributed to climate change, just 59% of pecple f2lt that
fossil gas heating systems also contributed.

U who think very
or somewhat significant

Py onasresieses | 7 7%

ety ot e 7 5%

R |ﬂ 75%
s [ S T 72

M raienone | S 74%

Dirlwing & peatrodd
diesel car

Producing goodsin
Inchestrial faciories
Shipping products
from oversess
Producing plants and
meats an farms

74% Low- awareness
72% of emypact of
70% JSassid gas heating

56% /

Heating Romes with =
tosaniges | LR i g el v TS, g9%

f
W very significant
B very insignificant

Dion’t ke

Source: Bright Blug.

The impact of this on peoples willingness to change is
further entrenched by a distinet lack of awareness of and
familiarty with alternative low carbon heating solutions.
BEIS found that 61% of respondents hadn't heard of ground
source heat purmps, 75% hadn't heard of air source heat
pumps, 88% and hadr't heard of hydrogen boilers.
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B Somewhat significant

B Somewhat insignificant

Familiarity with low carbon
heat technology

Ground source
heatpumps

Air 2ourca
heat purmps

Hydrogen
bizikars

& 20% 0% EON BOX  JOOX

B rever heard of B Heardof
B Fnowalittle T Knowalot

Source: BEES.

I this context, it is unsurprising that there has been
relatvely little interest in the take up of low carbon heating
technology to date —and little sign of that interest increasing
in future. Just 44% has ‘some interest’ inreplacing their
existing heating system with a low-carbon heat pump or
hybrid systerm when asked by Bright Blue. That number fells
to 35% inthe case of a hydrogen boiler and 32%in the case
of heat networks. A notable number of respondents did not
even provide a response,

Interest in low carbon technology

Hybrid
biilars

Heatpurrps

Hydragan
boikars

Haat |9
natworks 8

B Notinteresiad

W laready use this method
o haat iy horme

B reerested
B Contknow

Source: BEIS.

People told us that their interest in switching away from
fossil gas boilers to one of these technologies is nat high
today. While a handful of participants had either done so or
were in the process of researching options, their hands were
often forced by being ‘off the gas grid. Most people remain
relatively unaware of the prablems caused by fossil gas
boilers, unfamiliar with the low carbon alternatives andwere
ultimately conditioned to remain on gas.

We therefore wanted to explore what would happen when
people were provided with more in-depth information on
the climate impact of fossil gas heating systems. When we
didthis, it revealeda substantial change in thinking. After
lzarning about the contribution fossil gas boilers make to
climate change, only 5 out of 45 of our online community
respondents agreed with the statement ‘| think that people
should be able to install and use ary heating and hot water
system they want to, regardless of ervironmental impact”
Sirmnilarly, 41 out of 45 thenagreedwith the statement ‘| think
that heating and hot water systemns have a significant impact
on sustainability in the UK.

The one thing | don't like

is that | wasn’t able to choose
this provider because | like to do my
own research and make an educated
choice. Building off of that, the system
wasn’t explained a whole lot while
moving in so I’'m not sure exactly how
district heating works other than the
entire building uses it.”

MNorth London, 24 years old

Cost is a greater consideration
than sustainability right now

People told us that sustainability is impaortant to them, and
this has translated into some day-to-day action for rmost. For
example, 31 out of 45 in the onling community said they do
their Dest to make sustainable decisionsin their day-to-day
life. Only a rinority may be at the ‘cutting edge’ of this, but
sustainability is now a consideration for the public ina way
that it has never been before.

Motwithstanding this, sustainability still plays a secondary
role to cost —and usually corvenignce too. Where being
greener correspondedwith lower costs, such asin buying a
more economical car, consumers consider it a no brainer.

If costs are higher however, or a solution is seen as more
inconvenient — because for example they have to adapt
their behaviour ta it — most consurmers admitted they would
choose the less sustainable option.

Cost is key

Number of votes

Source: Savanta
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What apout consumer wanls and needs? conliniied]

Ofgern's research identified a similar trend, concluding that
‘saving money is a key motivator for adopting lower carbon
technologies, evenamong the most ‘environmentally
conscious. There is a cohort of consumers who have
adopted lower carbon technologies (e.g. electric vehicles)
primarily to save money. The environmental benefitis an
important, but a secondary consideration’.

We also see thisin people’s actual purchase decisions. For
example, Ofgem found that the most common sustainability
behaviours adopted by customers are focused on reducing

Increased resistance to more costly actions

waste (84% of consurmers recycle and 71% are trying to
reduce use of single use plastics) as opposed to reducing
carbon emissions (5% hawve an electric or hybridvehicle and
2% have a heat purmpl.

Bright Blue echothis, suggesting that atthough there are high
lewels of support for taking relatively easy actions such as
recycling, there is less support for mare costly actions such
asreplacing a heating system or buying an electric vehicle,

Reusing and recyzling
rmore producis

Buying more locay
produced focds and goods

natalling better home naulation

Reduceg air travel

Uging cycling ar public tranaport to
trawel as often as pogsible

Eating lesa meat

Switching away from natural
gas neatngin thelr homes

Buyngand driving
anSeCinG car

% who are not going to
dothis, oF are UNSure

10%
20%
l 227% .
607% wnlikedy
35%  togwilch )ity
414 fromufasd gas

L 4%
60k =<
26%

B | have aready done this B lamconsdering daing this

B amnotgongto do this

Reproduced from a graphic created by Bright Blue, with permission.

Fundamentalby, while people expect a greener salution

will invialve a substantial upfront installation cost, they are
morewilling to accept that if the angoing running costs

will be cheaper than today. Consumers gave us a clear
message that cost—andin particular running costs —isthe
most important factor intheir decision making, regardiess
of whether that systermwas a new fossil gas boiler or lowe-
carbon alkernative. Thisis an important point when it comes
to cheices around future heating systems.

Today, the capital costs of heat pumps are high in comparison
to gas boilers, and there is a fear due to the unfarmiliarity with
the systemthat it won't perform as planned and result in
higher electricity bills as a result.

Similarky, while bydrogen boilers are expected to be low
capital costs, the running costs could be high if the hydrogen
fuelisn't subsidised in the first instance until production
scales and enable hydrogen price reduction,
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Mot Sure

This creates a serious problemwhen it comesto the
decarbonisation of home heating. Consumers expect
‘greener solutions’ will involve a substantial upfront
installation cost that will be offset by future savingsin
running costs. All low-carbon heating solutions however
are likely to cost more to run than the benchmark today.
Furthermaore, it s unlikely that we will ever reach a point
where consurmers will reduce the running costs of their
heating systern by moving away from fossil gas, without
significant subsidy.

Inthe absence of long-term personal financial benefits, we
will need to identify other ways to encourage Consumears to
take the decisionto replace their fossil gas boilers. This must
start with a conversation onwhy a change is neededinthe
first place, the options available, the practicalimplications

of those options andwhat financial support will be made
available totherm and over what period.

Consumer considerations for low carbon heat technology
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The cost of it. It is an issue

with me. I’'m a single parent
And so, | do have to watch my costs.
For me, it’s all about how much it’s
going to cost me monthly. That's my
main priority of anything, the cost of it.”

West Midlands, 48 years old

I just think expense. |
think money. That’s all
I think, you know. Even though
it's not a problem paying for it,
but you do go, ‘Oh. Got to pay
the heating again, yes.”

West Midlands, 41 years old

¥ 2

| wouldn’t go with
somebody just because
they’re greener than the other
one. | would go whichever one’s
cheaper. And that’'s how | live my
life. Being a single parent, it’s all
about the cheaper option.”

West Midlands, 48 years old

/3
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What apoul consumer wanls ang needfs? conlinued

Reliability and control are important
considerations

People told us that they consider heating and hot water as
aright. These enable people to feel comfortable and safe,

| It would just be the reliability

= " to me, I'd want to know that
it was definitely going to be reliable

Disruption may be a significant barrier

People told us that when they thought about a future low
carbon heating and hot water solution, their expectation
was that it would be similar to a like-for-like switch,
irvolving minimal disruption and idealty taking under a day

The UK Climate Assembly have also called on Government
andindustry to bear in mind the nesd to minimise
disruption. When disruption was tested by BEIS within
some hypothetical transition scenarios, itwas also the
factor that impacted most on consurmer acceptability.

especially during the COVID-19 pandemic with people
spending more time at home. This was a particularly emotive
issue for those invulnerable situations, including people
looking to protect children from the cold, the elderly and
those with medicalvulnerabilities.

and not pack up on us unexpectedly.
Having a young family, | just think it is
so important that they’re able to keep
warm and keep clean, you know, it's
their right to be like that, so yes,
really important.”

and no more than two days. Although this may in part be due
toa lack of familiarity with the different low carbon options
available to them, people generally expected they would be
able to choose a boiler-sized solution that could be housed
as itis currently intheir property, delivering a similar
LSEr-expenance.

It’s how big the radiators
would be and whether

This translated into a need for reliability’ and ‘control, by

both feeling warmand heating their homes when they neaedit
andto a temperature that suits them. People told us they felt
their circurnstances were unigue tothem and are subject to
change, and that their heating and hot water systemneeds
to be responsive to those changes. Andwhile this applied
generalty, it wasa more significant factor far people in

fuel poverty.

When Mational Grid came toa similar conclusion when they
looked at this issue, finding that ‘over the last few decades,
we have grown used towarm and comfortable homes, with
heating available instantly and on demand’. Bright Blue
went further andfound that ‘attributes related to control of
the system, such as being able to use it at any point (S6%),
heating up quickly (B4%) and ownership (75%), are seenas
important’.

East of England, 30 years old

A blanket is fine

if you're sat on the
sofa but if | couldn’t wash in
hot water or feel | can walk
around my home in relative
comfort my lifestyle would
change dramatically and
stress levels would rise!”

Whenwe explored which aspects of the transition were
important to consumers, they told us that, while minor
disruptions were expected, ary major disruptionwould be
a barrier, especially if it lasted longer than a couple of days.

This concernwas amplified when the systembeing
installed rmight occupy more space than their current set-
up, potentially requiring the additional cost and disruption
associated with re-organising or renovating areas such
asakitchen.

I've got to move furniture to
accommodate them and that sort
of thing... whether we'd need to
jiggle furniture about and move
the radiators.”

West Midlands, 54 years old

Disruption more of a concern for those in smaller properties, or with less disposable income

Morth West, 49 years old
Less afflwent pecple

With the ongoing job and those with smaller

insecurity caused by the . > properties are more
economic effects of COVID-19 it is ?ﬁpﬂﬁeqtm ‘f':smpt'?“ Egit
likely that our personal finances { | 1think of heating and hot SNt gT Sy
will be more strained and not less. ~ water as arightand a
As such the ongoing running costs necessity rather than a luxury. | ]
and maintenance costs will increase love the fact that | can decide to —
in importance to us as a family. This have a bath at random times and i There i & maximuny amount dgruplion that will pe tolerated S

is also the case for being able to see
and control the day to day costs. If
money is tighter | will want to take

have the comfort of knowing I will
automatically have hot water.”

North London, 50 years old

Affwent pecple

more control nf our energy usage i and those with larger
and manage it more effectively.” > properties can escape
East of England, 40 years old :Ifﬂn;pfg;d{:},?‘ Y ANELG
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Whal apoul consumer wanls ang needs? conlinued

| would say the most
important factor

for me would be no major
disruption because when
we’ve had a new boiler
installed before it created ne
end of hassle. Ultimately, it
was sorted but it did seemto
take a really long time, and
now it's just something

| associate with hassle.”

West Midlands, 46 years old

i

cupboard that fits
the boiler and so if it wouldn't
fit in that then | wouldn’t do
it because there’s no other
space for it. My flat is really,
really small, the kitchen is,
like, specifically designed for
a really small kitchen and

so the boiler is in this tiny
cupboard up near the ceiling
and yes, it just couldn’t go
anywhere else.”

East of England, 23 years old
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Consumers want a say

Consumers notice choice more when they are denied it.
Atthough when someone moves inta a home there tends
rot tobe a choice about the heating systern they inberit,
they generally know they at least have the ability to change
ta something else inthe future if they want to— even if they
don't end up doing so. Removing that ability to cheose and
telling consurmers that they will be forced to take a different
technology —whatever that may be —is unlikely to landwell.

Every home cannot however have a free choice over
whether they have a heat pump or hydrogen system. Energy
companies needtoinvest gas and electricity networks well
inadvance of any future demandin order to make sure their
systerns are ready and available when needed. This will
necessitate the development of energy plans - either local
or regional - that will limit choice. Some curtailment

of choice is therefore inevitable.

Froma consurmer point of view, the key will therefore be
ensuring that they have the ability to engage with the
development of local or regional ensrgy plans. The UK
Climate Assemnbly emphasised this, calling for a pelicy in
which ‘local authorities and other local organisations are
able to choose solutions suited to their local areas, and
householders can pick the options best for therm'. 94% of the
assembly members 'strongly agreed' or ‘agreed that 'people
in different parts of the country should be offered different
solutions to zero carbon heating.

Balancing the need for planning and the need for choice
This finding does not necessarity conflict with the idea of
regional or local area energy plans. Government couldfor
example set out a high-level strategy requiring regional
and|ocal authorities to decarbonise heat intheir areas by
2050. These authorities could then determine a range of
technology options that satisfy that abligation in a way in
which suits the specific characteristics of that area, and
then work with energy companies and consumers alike

to deliver it

People told us that they felt their circumstances were unigue
ta them. Thiswas particularly true for vulnerable groups
where heating and hot water can provide both physicaland
peychological comfort. Those with a medical vulnerability
felt that heating helped appease symptoms offered comfort
on difficult days. Those withyoung children regarded the
provision of heat as a parental duty.

This belief in unigue circumstances translated into a desire
to have aninput in to any decision over which low-carbon
technology they adopted. Unless there wasa clearand
identifiable benefit to society from the removal of choice,

a ‘one size fits all' approach would be unlikely to enjoy
popular support.

The ideal journey from the customer perspective

B o I~
- L
Mandate Provide grants incentives
solutions and subsidies
Appmre DE‘H‘E!D{] LAEF validated
low carban planning andtested for resilience
options framawork and deliverability
Lacalarea energy plan
consultations Install solution
Installinfrastructure
Led by local authority
and optimised
Enmass conversion
= District heating
/E\ = H, conversion
Consulted on &
desired solution o i
Citizens Advice came to similar conclusions, noting "
that ‘some consumers hate it [a mandate] on principle - : _
they geverally did nat like the idea of being forced to do 1 live with two other
something’. They went on to conclude that ‘there should be ~ h te
some level of choice. Peaple feel that more than ane low 7 U 20 GRY Dae
carbon option should be available, with options available at heating and hot water system would
different price points to suit people’s homes and budgets', have to be a collective decision.”
Bright Blue similarly found that only 2 minority of people Morth London, 23 years old

supported a mandate and that there was more support for
financial incentives. Specifically they found that ‘people
marginally prefer policy approaches which use financial
incentivesto encourage behavioural choices that lead

to fewer emissions, rather than laws and regulations

that discourage or punish behaviours that leadto more
emissions for both individua ls (49% and 34% respectively)
and businesses (45% and 38% respectively.

i
: | We are a family of
little income and no
savings, so making a decision
that would include a large
initial outlay is something that
really takes a lot of thought
and worry if it turns out to

be a bad decision.”

Morth London, 23 years old

Space is very
important to me
because | live in a tiny two

bed flat.”

East Anglia, 37 years old
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The vulnerable and fuel poor have
specific needs

It is important to realise consurmers are not a homogeneous
mass but a collection of individuals instead, each with
their ownwants, needs and preferences. Those who find
themselves invulnerable circumstances or in fuel poverty
may have specific needs that differ from the rest of the
population for exarmple. Whils these are often translated
asafocus onminimising cost, the reality is more nuanced.

Yes, costisa factor for these consumers. Many stressedthe
ability to manitor and control daily spending as being more
important than the need to minimise costs, however. Many
have experienced anxiety at receiving high quarterly or even
annual bills and are keen to avoid this occcurring again by
short-terrm budgeting and monitoring usage. Their priority

5 therefore to achieve predictability and controliability

of costs.

These invulnerable circumstances or fuel poverty often tald
us of the importance heating and hot water had in providing
both physical and psychotogical comfort. For those with a
medical vulnerability, it can appease symptoms and offer
comfart on difficult days. Similarly, the absence of heating
and hot water would have a greater impact where different
vulnerabilities are compounding each other. Vulnerability
often translates to more time spent in the home and unigue
lifestyles suchas very frequent handwashing and bathing,
ermnphasising the importance of controllability ta this group.

Heating is costly, expensive.
But, yes, | mean, it's something
you have to have, isn’t it, really, it's
like a basic need, so even though it is,
costly and, you know, if you need to
put it on, then you need to do it, don’t
you, really.”

West Midlands, 51 years old

the end of the day.”

Morth London, 35 years old
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" 1 suffer from an under active
thyroid so am often quite

cold. We often put the heating on as

it makes us nice and comfy. Being cold

makes us miserable. There is nothing

I like more than having a hot bath at

Consumers want advice from

trusted sources

Feople wanted a choice about the low carbon heat and
hot water technology that was installed. However they
also krew they lacked the knowledge to make that choice
independently, andtherefore wanted access to impartial
infarmation with which to make that decision,

People told us that they regarded groups like Energy Savings

Trust and Citizen's Advice a5 ‘trusted’ sources of information.

Local tradespeople were the most trusted of all howewver,
resulting from a perceved ability to provide impartial advice.
People also told us that they wanted local Government and a
‘consortium’ of companies from the industry to be involved
to bring their expertize to bear.

Owr findings here contrast with other researchin thisarea.
BEIS. for example, concluded that 'non-Governmental
organisations were the most commonly Selectedtrusted
source, followed by a Government-backed advice service,
which inturn was followed by national Government, ora
tradesperson or professional’. Instead, people told us that
they placed Government below groups suchtradespeople.
Citizens Advice's finding supported this point, citing
‘installers' and ‘more knowledgeable personal contacts’

as trusted sources of advice,

. | We have a brilliant friend
“ who is a brilliant plumber, so
I would go to him for advice... | trust
my plumber and heating engineer
100%! He is absolutely brilliant and
came up with cost effective ways for
our home before we moved in and
went with his recommendation.”

MNorth West London, 33 years old
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Homeowners and renters place different
weight on these considerations

While the considerations above were generally true for
the consumerswe spoake to, we found differencesin

the weighting placed on thern depending on whether
respondents owned or rented their home. Specifically,

wie found that:

> Cost: Homeowners are more likely to prioritise cost
of instatlation, while renters are mare likely to consider
visibility and control of day-to-day costs to be more

important;

= Reliability: Homeowners are more likely to prioritise
reliability, while renters are less likely;

= Controllability: Renters are more likely to prioritise
closely controlling the temperature of their home, whils

homeowners are less likely; and

Ofgem reached similar conclusions, finding that for sorme
consurmers, the barriers to adoption are related to their

circumstances. For example, those renting their homes often
feel unable to installlow carbontechrnologies either because
they don't want to spend money on something they don't
own O Decause they don't believe the landord would allow it
or wouldn't spendthe money on upgrading the property’.

Asking for your landlord to

pay two, three or four grand
for a new boiler might be stretching

the point a bit.”

= Disruption: Mot having to make additional changes to the
property feg. more insulation or larger radiators) is maore
important to homeowners, and less important to renters.

What does this all tell us?

Inthe absence of a clear
financial incentive to make

the transition there is need for
effective consumer engagement
on the challenge ahead, the
options available, the practical
implications of each and where
people can access the help

and support to make the right
decision.

This means that a key part of any
Green Print needs to start with a
clearer articulation of fossil gas
being part of the problem, joined
with & clear and evidence-based
description of the technicaland
economic characteristics of

the key low carbon atternatives —
heat pumps, heat networks and
hydrogen bollers.

This engagement cannot be rootedin
what either Government or the energy
industry want people to hear, but rather
start from anacknowledgement of
what consumers needto hear. And
here the research from ourselves and
others agree that we needto directly
address key issues such as cost,
reliability, control and disruption.

Some of these messages willbe
difficult. The installation of all low-
carbon technologies will create
disruptionfor many. All solutions
are likely to cost mare.

Tradespeople will need to be involved
as partners inthis process. We will also
needto ensure that engagement - and
policy design — reflects the differences
between the wants and needs of those
whio own and rent their horme.
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West Midlands, 52 years old

Planning and co-ordination of
decarbomisation will be needed at
the regicnal and local level, but this
needs to be balanced with personal
choice. This is best achieved by
giving consumers a voice in the
development of those plans, and
iy ensuring they can have a ‘mend’
of aptions to select fromwithinan
area-based frarmework.

ifwe fail to get this right, we will fail
to gain public support —and that
rmeans we will risk failing to make
the transition off fossil gas.
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Finding the right balance of technologies

The transition will need investment

It is sometimes said that economics is a dismal science - and

it is true that economics is often reduced to a financial cost
benefit assessment, assuming a ‘rational’ economic person
exists, without full consideration of what economists would
call externalities. One such externality in the case of the heating
transition is of course the disruption (and effort) caused to
people in changing their heating systems.

This is not factored onto the extensive economic modelling that has been done
to date - and of course is a subject we touched on earlier. 5o, in this section
while we refer to economics this is very much through a narrow lens, which

of course we would argue a Green Print for heat needs to be broader in nature
- reflecting the technical and consumer aspects of the change alse.

=
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Key points

The economics of decarbonising
hiome heating is complicatedand
determining the most economic
pathway depends on a small numoer
of key variables, in particular: the cost
of energy production; the cost of
infrastructure, including the energy
networks; the capital and running
costs of new equipment in Consurmers
homes; and the costs of 3 seasonally
resilient system.

It is far too early to say in detail what
these costs will be. Instead, we can
work with a series of estimates which
give us a reasonable range of likely
costs for different approaches.

Broadhy speaking. a scenario with high
heat pump deployment will have highear
system and up-front customer costs,
Out [ower running CoOsts, A SCenario
with high brydrogen bailer deployment
will have lower systern and up-front
customer casts, but higher running
COSts.

Balanced
approach

Irithe absence of any nan-

geonamic factors such as consumer
preference, it is possible to construct
a scenarniowhere either heat purmps
or fiydrogen are the primary low
carbon solution. Most studies to

date find that a balanced approach
incorporating both technologies

are optimal.

A

Optimal

Optionality is therefore crucial,
deploying heat pumps now where
they make sense while progressing
development of hydrogen at the same
tirme. This will enable us to adopt

the most optimal approach as data
becomes more certain.

Learning
by doing

This approach also enables learning by
doing across a range of technologies
that provides essential evidence points
to the economic debate.
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The economics of decarbonising heat will depend on the
rature of the System, or Systems, we build to deliver low-

We are likely to see a mix of technologies
The casts of transitioning to either full electrification or full

Full electrification solutions led to an additional peak
alectricity dernand of at lzast 45 GW, and that the need to

carbor heat and hot water to customers. The econamic fydrogenare likely to be prohibitive. This is because both distribute this electricity would require major infrastructure Elwclrifiad tee
evaluation of the costs to decarbonise heat are complax soenarios create extremes which must be paid for, such as upgrades, with an estimated £20bn needed for 2lectricity Balanced (hybrid) 108
bw mature because they include different energy sources managing peak winter demand (electricity] or high levels network reinforcements and over £200bn needed overall

andwvectors, infrastructure, in-home technotogies anda of new storage infrastructure (hydrogen). for installing energy efficiency measures and heat pumps )

requirement to deliver cost effectively to consumers to in consumers’ homes. Navigant 2019

meet all seasonal needs now and inthe future.

Onethingis certain however: regardless of which technology
choices we make, decarbonising heat is going to reguire
significant investment. The CCC estimate that the averall
investment required for homes could be £250bn between
now and 2050.

The investment to support electrification

Im general terms, a systemn largely built on the electrification
of heat will require investment in additional renewable
electricity production capacity to meet peak winter heat
demand, a significant investrment in electric network
capacity and -at the household level - investment in new
heating systerns such as heat pumps, plus any associated
improvements to heat distribution systems and enargy
efficiency to make themwaork effectively. Consumers will
also needto pay for the electricity they then use to provide
heatand hot water.

The investment to support hydrogen

A gystern built largely on hydrogen would reguire either using
spare or dedicated renewable capacity to produce hydrogen
through new electrolyser assets, andfor the new CCUS
infrastructure necessary to produce and store the CO; from
Blue hydrogen. Investments would be required to upgrade

ta gas network assets and build hydrogen storage, and

then install hydrogen appliances and meters in consumers’
homes. Consumers will then needto pay for the hydrogen

to fuel these applances.

Whilst more work is needed on establishing the relationships
of key variables driving the optimal mix, we know enough
today ta say a more likely scenaricwill emerge — one

where there 1= some electrification and some hydrogen.
Calculating the economics of decarbonising heat is
therefore a function of what technalogy mix we will see
andthe conseguentialimplications of that for required
investment in electricity and hydrogen systems. Here,

a hybrid systermmay offer advantages —for example in
avoiding some of the extrerne costs for decarbanising the
hardest to abate properties, or imiting the electrical capacity
bwild out necessary simply to meet 'one intwenty year' peak
dermand events.

Sewveral studies have already Dean written examining the
costs of different pathways. While direct comparison
between the reports is difficult because of differences
intheir scope and methodology, they are directionally
useful in that they compare the economics of different
decarbonisation options and highlight where the greatest
uncertainties lie.

Previous studies

Element Energy, 2018%

Intheir 'Cost Analysis of Future Heat Infrastructure’ report
far the MNational Infrastructure Commission, Element Energy
compared pathways focused on heat pumps, electric
resistive heating, and a hybrid solution including green gas
and hydrogen. They found that all pathways were between
E120bn to E3000n more expensive overall than the status
gua, with homes in 2050 paying £100 to £300 more peryear
for their heating.

Their conclusion was that re-purposing the gas gridto
deliver low carbon hydrogen was the lowest cost option
under most scenarios studied, but that this option also
carried the most uncertainty as it relied upon the delivery
and scale up of a resilient hydrogen and CCUS infrastructure.
Motwithstanding this, the report also highlighted that

amix of technologies would eventually be needed with
regions having an important role in defining that mix, and
that the suitability to individual buildings would likely be the
determining factor.

Imperial College, 2018*

I 2018 Imperial College, on behalf of the CCC, published
their own review of heat decarbonisation pathways. These
included pathways focused on low-carbon hydrogen, the
electrification of heat supported by low-carbon power
generationand a hybrid solution where the bulk of heat
dermand was electrified with peaks met by hydrogen.

Imperial College explored key challenges and uncertainties
including implications for infrastructure investment, and how
interactions between systems could increase benefits and
the potential trade-offs to be made. Like the Elernent Energy
report, this review assumed the centralised production

of blue and green hydrogen as the default technology for
hydragen production. Unlike the previous report though,

this review did not include any costs associated with the
improvernent of energy efficiency of buildings, simply
assurning they took place.

Imperial College concluded a full rydrogen pathway was the
costliest due to the cost of hydrogen production and storage
needed to support this— some £1220n per year. & bybrid
pathway including both hydrogen and electricity was the

Mavigant's report for the Energy Networks Association
reviewed the differences between the total costs of a

largely electrified pathway anda balanced pathway that
incorporated hydrogen to optimise and reduce elactricity
system costs. In contrast to other reports onthe topic,
Mawvigant did not solely foous on the decartonisation of heat
but on the wider energy system.

Mavigant's conclusion was that a balanced pathway could
save £13bn per year, largely driven by the differences
between capital costs for heat pumps and hydrogen heating
in buildings, the necessary reinforcement to the electricity
network to mest peak winter heat dermand and the additional
power generation capacity required in the electrified scenario.

Aurora 202040

Aurora’s 'Hydrogen for Met Zero Great Britain' report
exploredthe role of hydrogen in g largely electrified net
zero system. This report concluded that although bydrogen
refated pathways require investment in the production,
transmission and distribution of hydrogen, the costs
associated with this are more than off-set by the reduced
spending on power subsidies, electricity reinforcement
and capacity.

I reaching these conclusions, Aurora presented different
pathways invelving na hydrogen [0 TWh, low volumes of
hydragen (200 TWh a yveary and high volumes of hydrogen
(200 TWh ayear) by 2050.In both the low and high hydrogen
SCenarios a proportion of hwdrogen was used for domestic
heating (187 TWh and 280 TWh respectively]. Their report
highlighted that hydrogen significantly reduces the power
sectors reguirernent for flexibility during the winter months.
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least-cost decarbonisation pathway totaling £88bn per year. _

. ; o . NoH 455
Arb vkl Sanal o 5-10 10-15 15—20 — Helpfully Imperial College identified the key variables that o H;
g e A pa’;h}nraw,rs WETE n_-H:_bst senatw&_ too, specifically heat pump Low H, 457
at maximum deploymant efficiency, electricity network investments needed to meet I e
MtCO, peakwinter heat demand, the cost of hydrogen production .
i Ca e P 70 180 210 130 and s?orage andthe cap:t_alcost of heat pumps, home
retrofits and hydrogen boilers.
Annualised costs in 2050 21 5 15 2
Capital £bn
Annualised costs 14 33 25 28
in 2050 Opex £bn
Uncertainties Heat pump unit cost, Electricity fuel cost, Heat pump unit cost, Safety case, in-buiding

retrofit cost, consumear
acceptability, readiness
and costof CCS

actual emissions
reduction stronghy
depandert on
consumer bahawviour,
potential contribution
ofgraengas

requireament forenargy  grid reinforcement
afficiency retrafit, grid coat, haating system
rainforcemant cost unit cost
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Aurora did also conclude that the differences in investment
inthe energy System between scenarios 15 relatively minor
andthat small changes in key variables such as carban
prices or technology costs could easily change the cost
ranking. The also suggest that with no obwviously optimal
pathway, the importance of second order benefits such as
consumer acceptance and technology exports would be
key deciding factors.

The key variables determining the

overall cost

These four reports reach different conclusions about the
total cost of decarbonising heat, but they agreeto greater or

lesser extent that there are circumstances where electricity
and hydrogen combine to provide the optirmal system,

The four reports also agree that while these
outcomes have a degree of uncertainty, the
optimal mix of electricity and hydrogen will .
depend on several key variables, in particular: 1

> the cost of energy production for electricity
and hydrogen;

= the cost of infrastructure to support delivery of the
required hydrogenand electricity;

= the capital costs of home heating technologies; and

= the costs of running home heating technologies.

Takentogether, they imply that bydrogen may have a role
in helping decarbonise hard to electrify buildings, reducing
winter peak heat demand reguirements on the electricity
network, acting as a flexible store of excess energy
produced by renewable power generation and providing
system resilience through the provision of peaking power
genaration plant.

Electricity and hydrogen systems are set to

be intertwined

Aswe have discussed, the costs of producing the low
carbon eriergy required to provide heat and hot water to our
homesin future will not be determined by the cost of fossil
gas but the cost of electricity and hydrogen instead. And as
these reports highlight, the likelihood is that the overall cost
of energy will be determined by a mix of the two.

64 | Cadent Our Graen Print — Future Heat for Everyona

The calculation here is complex, and not simply a function
of the costs of producing hydrogen plus the costs of
producing electricity. In a future energy System, electricity
and hydrogen systems are likely to be intertwined.

The electrolysers used to produce green hydragen for
example will take renewable energy as its feedstock, and
the associated cost of that green hydrogen will therefore
depend in part on the time of day, the time of year andthe
other sources of demand on the electricity network at the
time. Hydrogen produced from electricity at times of excess
renewable supply will therefore be considerably cheaper
than that produced during times of excess demand?!

The extent to which excess renewables setthe cost of green
Fydrogen production is in part dependent on the extent to
which bydrogenis used to meet future heat demand. Ina
systerm where hydrogen meets only a small part of demand
it may be more feasible to deliver a material share of that
from excess renewable generation. If hydrogen plays a far
larger role, dedicated renewable generation may be needed
for its production, changing the overall cost of the hydrogen
produced.

Hydrogen costs will depend on how it is produced
Caleculating the cost of any hydrogen used inthe mix will alse
depend on the technology used to produce it. Blue hydrogen
costs will be primarily dependent on the capital cost of the
stearn methane reformation (SMR] plant, the delivered cost
of the fossil gas feedstock and the costs of the associated
CCUS infrastructure. Current wholesale cost estimates

are between £E30-£60/MWH= with little expectation of
significant cost reductions over the next 30 years.

Corwersely the costs of any green hydragen used inthe
mix will Droadly be & function of the capital costs of the
electralysers, any water purification requiredand the price
or cost renewable power usedin the process. Today, green
tydrogenwholesale costs at scale inthe UK are estimated
to be E70-£90/MWh, substantially above those of blus
fydrogen — but these costs are expected to fall overtime.

£30-£50/mun

Technology innovation, scale benefits and the
reducing cost of renewables are expected to
see the total wholesale cost of producing green

hydrogen in the UK fall to £30-£50/MWh by 2050

This will predominantly be driven by the potential of realising
lower electrolyser capital costs as the technology is
optimised and scaled. Inmost assessments technalogy
costs for green hydrogen are assigned similar learing rates
and cost reductions to that experienced by the wind sector.
Technology innowation, scale benefits and the reducing cost
of renewables are expectedto see the total wholesale cost
of producing green hydrogen inthe UK fall to £30-50/MWH?
try 2050.

Estimated future hydrogen costs
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Sources: the CCC, Mavigant, Aurora, EMA, ORE Catapult and KPMG.

Green hydrogen is expected to win out over blue
Althoughthe future cost trajectories remain uncertain,
mary anakysts expect green hiydrogen could become the
cheapest way to produce low carbon hydrogen between
2030 and 2040, &t is therefore important to understand that
the optimal mix of electricity and hydrogen in providing low
carbon heat and hot water — and therefore the overall costs
of energy production — could also change aver time, driven
by (i) reductions in the cost of hydrogen production costs
and i) shifts in the methad of producing hydragen, from
blueto green.

Electricity prices will depend on the future ‘merit order’
The cost of any electricity usedto produce low carbon heat
will be determined by the market, which sets the wholesale
price by using a ‘'merit order' to dictate which producers will
deliver electricity to the grid by ranking them inascending
order of price together with the amount generated. This then
determines the order in which sources are brought onto

the systermn. The last source of generation brought on tothe
system to satisfy demand sets the wholesale price paid for
all generation — including that supplied for heat.

Sowhile anincreasing amount of electricity generation will
be met by windand solar generation producing electricity
atwery low marginal cost, the overallwholesale price of
alectricity will continue to be set by the last producer in the
merit order. Thisis generally a gas power station today —
something that most analysts believe will continue to be
the case even ina future electricity market more heavily
dominated by renewable energy.

Projected electricity prices projected to remain

much as today

This means that currently wholesale electricity costs are
typically inthe range of £40/MWh to EE0/MWh, with BEIS
projections suggesting this may largely continue to be the
case maving forward, with the average cost increasing
slightly from around E50/MMWH today to EE0MWh in 20503

Within this range however there will be price volatility, andin
a systern where most heat is electrified - and the amount of
intermittent renewable capacity is therefore greater — there
may be higher levels of volatility than in mare balanced
systemns incorparating bydrogen.

Volatility is important .
Price volatility is created by swings in the supply and demand !
for electricity, and this can happen both within the same day
or Detween seasons. For example, consumers are most likely
to dermand heat in the morning and evening, pericds which
coincide with other peaks in demand as the sun goes down
and peopte turn on lights or switch on televisions. In other
words, cansumers may be dermanding heat at precisely the
tirnes when existing electricity demand peaks, andwhen
renewable power generation is lower.

Some of this volatility
could be mitigated by
bmldlng additional flexibility
into the system, either from
assets such as batteries or by
enabling consumers to shift
when they demand electricity.”
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Sorme of this volatility could be mitigated by building
additional flexibility into the system, either from assets
such as batteries or by enabling consumers to shift when
they dermnand electricity. For example, the CCC speculate
heat purnp consurners will be able to ‘pre-heat’ their homes
during the afternoon, befare the evening peak and before
ary peak in prices. The extent towhich same day price
volatility impacts the cost of low carbon heat is therefore
somewhat dependeant not just on the share of electricity

in the mix but also the extent to which we can successfully
deploy both energy efficiency and flexibility solution s.

Seasonal volatility is also important as we can expect
periods of low solar and low wind generation that last weeks
andnot days. Such periods are alsoe more likely to occur

in the winter months when consumers most need heat®
Although flexible assets such as batteries can provide
some back-up, and consumers may be able to shift when
they consurne energy, these are anty likely to help for short
periods of time, typically no more thana day. Such dark
windless pericds are therefore likely to leadto higher prices,
particularly when they correlate with periods of high heat
demand such as in the winter.

This cost spike will be mare pronounced in a future system
where electricity meets most heat dermand, and therefore
the armount of intermittent renewable capacity we needis
greater. Storing energy as hydrogentomanage these peaks
is cne option under consideration.

” The overall cost of heat
s\ inthe future will also
be dependent on the costs

of moving the energy from
where it is produced to where
it is consumed, and these costs
are likely to be very different
depending on the overall share
of hydrogen and electricity in
the final mix.”
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Aswe have already explored, much of the investment
neededto make the gas network ready to safely
transport hydrogen has already been made. Thers
would however be material additional investment
required if it is to play a meaningful future role in the
decarbonisation of heat. There are severalfactors
that contribute to this.

= Division of the network: Equipment such as valves
and governors affect how gas moves around the
network and converting the network to fydragen will
reguire more of these to be installed to enable the
current network to be divided upinto distinct sections,
allowing fossil gas to rermain in use for some while
others are converted to lydrogen. Gas networks
will also needto construct new sections of hydrogen
transmission pipelines (the larger pipes and pressures)
totransport large volumes of hydrogen from the
source of production to towns and cities. This is
needed to continue to supply fossil gas to consumers
while others are converted to hydrogen.

= Hydrogen storage: Hydrogen does not comprass as
readily as fossilgas and so there will be differences
in how a future gas network will store energy. The
system uses something called line pack’ today where
the network is pressurised cvernight to enable peak
amounts of gasto be delivered when needed. Line
pack will not work in the same way within a hydrogen
network and some investrment will therefore be
neededto develop hydrogen storage capable of
ensuring a reliable supply.

= Maintenance: The total cost maintaining the gas
distribution network in each area is insensitive to
the velume going through it. Given expected energy
efficiency, the network’s capacity to carry energy in
the form of hydrogen should be cemparable with its
capacity to deliver fossil gas today. In other words,
the future cost to maintain a hydrogen distribution
network should be similar, in real terms. tothe cost

of fossil gas distribution today. J

Additional cost per annum of a fully electrified
scenaric compared to a balanced scenario

(Vivid Economics/imperial College)

The cost of infrastructure

The overall cost of heat inthe future will also be dependent
on the costs of maving the energy fromwhere it is produced
towhere itis consumed, andthese costs are likely to be very
different depending onthe overall share of hydrogen and
electricity inthe final mix. Meeting most future heat demand
with hydrogen will mean most of these costs will come from
the work needed to develop and re-purpose the existing gas
rietwork. Meeting most of that demand with electricity will
mean most of these costs will come from the work needed
toreinforce the electricity network,

Converting the gas network to handle hydrogen will
require significant investment

The precise extent of these costs is not known at this stage
but is being established as work progresses. Taken together
they are likely to be material, with Element Energy estimating
that they could reguire averall investment of approximatehy
E72bnE A sirmilar conclusion was reached by H21 in their
report which suggested investrment of ESB8bn might be
required’ The extent towhich they are greater or lessthan
this estimate depends on the share of hydrogen in the
future rmix.

Converting the electricity network to accommodate
heat pumps is likely to require even more investment
The challenge for gas networks is around the re-purposing
of it to transport hydrogen, the chalienge with the power
networks is one of building the additional capacity required
to meet the greater levels of peak demand heat pumps

will create.

The precise level of investment required ta do this is
uncertain at this time, however proposals on this are currently
being drawn up by electricity networks. Independent
estimates from Element Energy suggest that overall
irvestment of £214bn may be required?® Again, the accuracy
of this figure will largely depend on the extent to which
alectricity is used to meet future heat demand, and therefore
the amount of network reinforcement that is necessary.

A balanced approach is likely to be the most economical
The single biggest reason that an energy Systemincorporating
hydragen could have a lower overall system cost versus

a fully electrified one isthe impact hydrogen has onthe
gystern's flexibility and its ability to cope with demand spikes.

One advantage of taking a balanced approachwhere
hydragen meets some future heat demand is the fact

that the UK energy system must deal with large seasonal
fluctuations in demand. Peak winter energy demandis
around five times higher than annual average demand;”
largety driven by heating on the coldest days. Improvements
in home insulation and demand side response will reduce
future seasonal variation over time, Nevertheless, winter
peaks will remain.

As more and more of the UK's energy needs are met by
electricity, for example with the shift to electric vehicles,
the UK's peak electricity demand will inevitably increase,
regardless of hydroger's role in the systern. This increase
will be considerably less in a balanced scenaric whers
hydragen plays a role in the heating of buildings because
of the reduced reliance on electricity to meet peak
heating demand.

A recent report by Vivid Economics and Imperial College

on the Accelerated Energy Systerm™® set this outwell Ina
balanced energy Systemwhere hiybrid heating solutions
incorporating hydrogen boilers alongside electric heat
pumps are the dominant solution, System peaak electricity
demand would increase from 59GW today to 116GW in 2050.
Corwversely, ina fully electrified system where most buildings
are heatedusing standalone heat pumps, system peak
demand could increase from 59GW today to 204 GW in
2050, around 75% more than in the balanced scenario.

The additicnal energy system infrastructure reguiredto
deliver this peak could make a fully electrified scenario E8bn
more expensive than ina balanced scenario, driven by the
additional dispatehable [reserve) power generation capacity
needaedto meet it, plus the additional reinforcement the
electricity distribution network would nead in order to cope
with this peak demand.
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How much will a heat pump cost me?

I a system dominatad by electrification of heat, more
consumerswill rely onair source heat pumps. Inanalysis
submitted to the CCC for the Sixth Carbon Budget

Report, Elerment Energy assume the total cost of an ASHP
instaliation today, i.e. including fittings, installation, controls
and labour, is £7.250. These costs are howeaver [ower than
other industry assessments, including independent advice
commissioned by BEISY

The range of estimates for a heat purmnp installation that we
see today is perhapsin part due to the specific and individual
way each heat pump system needsto be designedin each
horme. There may also be other consequential costs
associated with an installation, such as the installation

of underfloor heating, additional insulation, larger radiators
or hot water tanks. These costs will vary substantialy
based on the circumstances of an individual home. ltis
therefore difficult totalk about the ‘average’ cost of a

heat pump installation.

The CCC also set out an expectation that today's ASHP unit
costswill fall 20% by 2030 and 30% by 2040. It is reasonable
toassume some cost reductions over time as the heat
pumpindustry scales up. The levels of cost reductions

we will see however —inwhat is a8 mature market —are
uncertain. The heat pump market is already mature, having
been established since 1990, with approximatealy 15 million
units now installed across Europe and with annual sales of
1.6 million irn 20205 We consider the extent to which heat
pump costs will fall over time is uncertain and unlikely to
bethis steen.

How much will a hydrogen boiler cost me?

There is more certainty over the expected costs of hydrogen
appliances. The recent Hy4Heat programme demonstrated
that home conversion is feasible with such appliances, and
that these appliances are installable today at no extra cost

to the customer beyond the cost of a typical fossil gas boilers?

68 | Cadent Our Graan Print — Future Heat for Everyong

The costto consumers at the point of conversion will of
course reduce significantly if the consumer has already
purchased a hydrogen-ready appliance as part of the normal
asset replacernent cycle batween now andthen.

Installing a heat pump may involve other costs...
Because they operate at lower termperatures, heat pumps
ray additionally require changes to the heat distribution
systemn such as underfloor heating or larger radiators.

This may not be required in every case—where the enargy
efficiency of the hame is either already high or is upgraded
as part of the heat pump installation process. Inthe case of
a hybrid systemitis rarely needed at all. Where it is reguired
however the additional costs could be significant —as much
a5 50% maore than that assumed by the CCC.

Given most boiler replacerments are distress purchases
today, it is possible that customers switching to heat pumps
at paint of Doiler failure will face the choice of either taking
on the additional capital cost of upgrading their system

and building fabric at the same time, or toderate a poorly
performing heat purnp until such time as they canafford it

o
)

There is no reason why, at
similar scale, hydrogen-ready
boilers should not reach a similar

cost to fossil gas boilers today. The
ancillary components, accessories and
controls will be identical to those for
fossil gas boilers. The property will

at some stage require a hydrogen-
ready gas meter to be fitted ready
for network conversion, however this
could be installed on a later date than
the boiler. Initially, hydrogen-ready
boilers might form a niche market, but
a regulatory change mandating their
installation would make them a high-
volume technology, just as fossil gas
boilers are today.”

Worcester Bosch®*

...as there will be with the conversion to hydrogen

A home may typically have several appliances using
fossil gas today; including a boiler, cooker andfor fire,
These will allneedto be replaced with either hydrogen
or hydrogen-ready eguivalents. While the capital cost of
these appliances is expectedto be broadly the same as
their fossil gas equivalents it will still mean additional
costs for customers.

Heat pump installation costs

Wark progressing on the conversion of hydrogen inthe
home as part of the HydHeat project has also identified
there may also be a requirerment to install an automated
shut off valve in the home to protect against the risk of an
uncontrolled gas leak. It is also expacted that some form
of hydrogen sensor may be reguiredto replace the current
carbon monoxide sensors foundin homes.
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Data in this graphic reproduced with permission from Defta-EE's report 'Cost of mstaling heatng measures in domestic properties’ (2018)

Importantly, because of its different characteristics, itis
likely that homes converting to hydrogen will need to install
a new gas meter. This could in theary be completed with the
instaliation of hydrogen ready meters beforehand, orwith a
meter exchange at the point of corversion. The solution for
this is not yet fully understood but is being assessed as part
of the HydHeat programme.

The balance of ‘other’' costs depends on the balance
we choose

The total of these "'other’ costs at a8 system level will again
depend on the overall mix of electricity and hydrogen in

the systermn. And as suggestedabove, they will depend on
which technelogy is used where. Decarbonising heat with
electricity in homes with high levels of efficiency is likely to
leadto lower overall other costs than homes with poor levels
of efficiency. it may be that the optimal mix of hydrogen and
alectricity inthe systermwill in part be determined by the
costs onanindividual house by hoeuse basis.

We also need to think about how much these
technologies cost to run

Onoe the up-front costs have been borne, the customer will
needto pay for the ongoing running costs of the new heating
gystem. The key driver of this will be the cost of the fuel itself,
maintenance costs being largely similar betwesn the two.

I general terms, althouwgh electricity is more expensive per
KWhthan either fossil gas or hydrogen are expected to be,
the fact that heat pumps operate at approximately three
times the efficiency of a fossil or hwdrogen boiler means that
the ongoing running costs of a well-operating heat pump
system should be lower.
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How-much & this going lo cosl? conlinued

We need to think about things in terms of lifetime costs
The most economical solution 1S dependent onthe
characteristics of each home. This includes anassessment
of the size and installed cost of the heating System required,
the energy efficiency of the building, the extert of any
consequential upgrades and the annual heat demand. For
the reasons above hydrogen boilers may be cheaper up
front, but then more expensive ta run on an ongoing basis.
Toaccount for this, it is necessary to consider cost across
the lifetime of a system — in other wards how much itwould
costtoinstalland run over a typical 15-year period.

Key assumptions used

Bringing tegether the projected capital and running costs for
home heating technologies over time from various sources,
including the reports cited above, it is possible to construct
arange of potential lifetime costs ata household level

We have done this using projected costs from avariety of
sources, to create an estimate of the lifetime costrange
foranaverage home in 2035, using & heat pump, 8 hybrid
systermanda hydrogen boiler.

Installation capital costs E2750 ES600-£7724 EG179-E8724 EZ2B50
System efficiency 92% 230% - 348% 276% -29 4% BO%:
Required upgrades/ratrofits £0 £0—£8,270 £0-£1,000 EG-E1,000
Retail energy cost p/kWh 45p Wep-5p 178p-20.2p G Bp—148p

Annualised lifetime system costs, including cost of any retrofit

Chart shows the range of potential costs from installing a new low carbon heating technolegy, along with costs of any retrofit
work required, annualised over the lifetime of the system. Source data fraom review of available literature including the CCC,
Elernent Energy, BEIS, Ofgem, Western Power Distribution, Energy Savings Trust, Delta-EE, Carbon Trust, Citizens Advice

Scotland andthe Sustainable Energy Association™
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Hydregen

This underlines the fact that the lifetime cost of any low
carbon heating Systemis likely to be more expensive than
a fossil gas heating system today.

Inthe best case, suchasina hame with good pre-existing levels
of energy efficiency, a heat pump s likely to be the best solution.
It also shows that this will not be the case for all homes howewer,
andthat therewil be a significant number of caseswherea
brydragen boiler will be the most economical solution.

These calculations are based on an ‘average home’.
Actual costs will depend upon the situation in individual
properties. In practice this means that homes with lower
annual consumption or high retrofit needs will tend to find
tyydragen more suitable given their sensitivity to up-front
costs. Homes with higher annual consumption will tend
tofind heat purmps more attractive given their sensitivity
towards ongoing running costs.

Property characteristics such as space, heritage status,
size, shape and location will all also contribute to a different
cost profile for the transition. Each property will be different,
and likely needa solution tailored for it as much as possible.
This underlines the findings of others, including the CCC,
whio have found large differences between technology
deployment rates under different pathways.

Maintaining optionality is key

Policy making today should be framed around ‘no regret’
actions and optionality, keeping opena range of technologies
andapproaches which could plausibhy be part of 8 preferred
lorg-term low carbon energy rmix.

At this stage, it would be unwise for a Green Print to pick a
winning low carbon heating technolegy, whether that be
through the mass adoption of electric heat pumps
arwaiting for hydrogen.

A focus on delivering specific outcomes, for exarmple through
a general mandate for low carbon heating solutions, is

miore likely to be successful that backing single technology
approaches.

I that light, the challenge for this decade is to make
substantial practical steps that enable all of the serious
candidate low carbon home heating technologies for the
20305 and beyond - and test the three factors ftechnical
feasibility, customer preference and econormics) in reality.
Onthe evidence presented in this paper, green gas—and
especially hydrogen — should certainly be one of those
technologies. Arything which cuts off major options such as
requiring a mowve away from corventional gas beilers without
providing enabling hydrogen ready equipment or trybrid
appliances—wouid be a backward step.

Low carbon heating - the case for keeping options open

100% Heat Pumps

100% Hydrogen

Pros Pros
= Existing technology f‘ e B T
= Highhy efficiant E > Like-for-like in-home
= Fit with renewable electricity rif‘ W . i o
i EA ) = Use of existing gas networks
Bons > Keep options open l > Inter-seasonal storage
> Not suitable for all homes > Levelthe playing field \b of hydragen
> High capitalfinstallation cost >Re speEt' ﬁi;m'sumer i = Potential to be lower cost
> Highiytdismptive in-home X >Re GWE diversity - Cafs
e \  resions andbygee of housing > High/uncertain cost of
= High cost electrification of % / g '
peak heat —both generation - pE-eucing clean yd-ogen
and networks ey - P = Hydrogen-ready boilers still

* Best long term solution
for clean peaking/back-up
generation is unclear

in prototype

> Blue Hydrogen reliance on
CCUS inot yet delivered at
scale in UK)

> Uneven regional roll-out of
hydrogen across UK

= Limited to on-grid properties
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Section 4 brings together all three elements to form our
Green Print for future heat for everyone, setting out the actions
we believe can be taken now in order to accelerate progress.

the amount we need to decarbonise each the production target we think
year on average, between now and 2050 the UK Government should set

I

the immediate emissions reduction the type of extreme winter event
we could realise if we started blending we need our future heat systems

hydrogen to be able to operate within
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Our Green Prink
[for-fulire heal

A roadmap for low carbon heating that balances

technical, customer and economic components

Stood in 2021, 2050 feels like a long time away. The sheer
scale of the task ahead is huge however, equivalent to nearly
decarbonising approximately 800,000 homes each and every
year between now and then.

Qur Greew Prink

Fulure Feal for Everyone
> Scale > Production
> Homes > Infrastructure
> Networks & 7 > Appliances
> Storage
> Resilience
> Transition

> Awareness

3\‘ > Cost

> Reliability
> Disruption
> Choice
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Prove the _@ﬁw&:nse by: | Ensure COMSusiesr wants Ensure robust ECONOMUL
— T PR decisions by: ~
and needs are properly

considered by:

Planning for peak
o gl
- average demand

Cadent Our Green Print — Future Heat for Everyone | 75

]
g
@
$
3
v
:




. We need to start now if we are to succeed. This

| means deploying heat pumps now where appropriate,
delivering energy efficiency upgrades, scaling up the
heat network sector and investing in demonstration
projects and supply chain for hydrogen.

But we are not starting from scratch. We already
understand that the energy systems we have today will
needto be carefully co-ordinated if we are to deliver the
resilient future energy system we need.

The UK continues to be a hot spot for creativity inthe
technology, engineering solutions and innovation
that will be crucial in getting us there. There isalso
CONSensus across the political spectrum onthe level
of ambition that has been set, and on the need to act.

What is now needed is to move beyond ambition and
to delivery.

Belowwe have set out Our Green Print - Future Heat for
Everyone —our planfor the actions that we can start to
take today. fully considering the technical, consumer
and econarmic aspects, inorder to achieve the transition
to low carbon heat.

In doing so, we have focused onthe role of hydrogen
specificalyy. That is not to say that actions are not
neededtoaccelerate the deployment of heat pumps or
heat networks —they are. It is simply to say that others
inthese sectors are better placedto comment on how
implementation there should be accelerated.

The actions we have set out will reguire work from
Government, regulators and the private sector. Cadent
stands ready to play its part. We are already investing
heavily inthis area and are looking to invest more:
Wealsointend to builda broad coalition including
Government, Ofgem, networks, shippers, consumers
and the wider supply chain to work with us as we deliver
the low carbon future we want to.see.
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e Prove the lec#nicalcase

J. Demonstrating that hydrogen is safe

There is still work to complete to ensure all the safety
evidence for hydrogen is completed both in the gas
network and in the home. It is therefore important
gas networks prioritise work in this space to provide
assurance that hydrogen is an effective alternative
to fossil gas.

Cadentwill: support the completion of the safety
evidence to enable a decision on heat policy.

Z . Enabling the development of a hydrogen
economy today

At the time we write this, the Government's proposed
Hydrogen Strategy was still being drafted. We need a
Hydrogen Strategy that is ambitious, and effectively
sets out how we will move to hydrogen production at
scale in a way that really enables costs to come down.
In order to do this, the following items must be
addressed as a priority if we are to attract the

private investment we need:

> Hydrogen production targets: Stretching fydrogen
production targets are required to dermonstrate the intent
for hydrogen across industry, transport, power and heat
sectors. Through our own involverment with the Hydrogen
Taskforce we understand where the significant hydrogen
production projects are for the UK. Doubling the existing
hydrogen production targets to at l2ast 10 GW by 2030
wolld help provide this.

»> Hydrogen production business models: Cvercoming
the relatively high early stage production costs of
hydrogen can be achieved by utilising business models
similar to those that saw renewable power production
costs fall three-fold in the last 10 years. Electricity
customers currently pay for these subsidies through
their energy bill. Similar subsidies for the production of
hydrogen paid for through the gas bill could have a material
impact an the ability of producers ta imeest and bring
COSts down.

= Carbon Capture and Storage (CCS) business models:
Blue hydrogen is kely to feature to some extent — at least
irearly hydrogen deployment — before the cost of green
byedrogen falls to anticipated levels. This will reguire the
development of CCS technology. While the business
models that are needed are being developed by industry
and Gavernment, thiswork 1S also an the critical path
far blue hydrogen to play any role and must therefore
be delvered.

> Support for industrial clusters: The UK only has a small
nurmber af heavily energy intensive industrial clusters.
These use vast amounts of fossil gas today, emitting huge
amourts of carbonin the process. Each of these clusters
has developed detailed plans to use a mikture of CC3and
bydrogen to decarbonise. Developing policy frameworks
which enabling these plans is a necessary step along
the journey to net zero and must be delivered as soon
as possible. In doing so. we will 3150 provide the starting
lecations for hydrogen as outlined tw the CCC.

> Blending of hydrogen: Demonstration projects have
shicwn that blending bydrogen to 20% by volurme with
fossil gasis achievable and has little or noimpact on
consurmers. Doing sowillimmediately reduce the carbon
emissions of affected UK homes by approsimately 6%,
It will alzo demonstrate to consurmers how the safe and
seamless use of hydrogen canwork in their homes,
while at the same time enabling industrial cluster sitesto
commission effectively. Impartanthy it will create a stable
demand centre for scaled production, accelerating the
development of supply chains and enabling reductions
in the costs of production. Blending requires specific
changes to legislation — changes which should be
progressed as soonas possible.

»> Mandating hydrogen-ready gas appliances: On the
basis that fydrogen is likely to be required across arange
of different buildings in the UK, mandating hydrogen-
ready appliances is 8 sensible no-regrets decision. Doing
sowould ensure that gas boilers sold could convert to
use hydrogen inthe future, if the custormer chooses
not tonstall a heat pump. Sucha mandate could also
stimulate innovation, for example around new solutions
such as fuel cells. We support the recommeandation by the
Energy Metwarks Association [ENA) that hydrogen-ready
appliances are mandated from 2025.

*> Underpinning regulatory regime: A new regulatory
regirme will be needed to support & hydrogen econamy.
Thiswould include the necessary primary |egislation
changes to enable the production and use of hydrogenin
the gas network, how the Systemwill operate andthe rules
and codes that set out the roles and responsibilities of
shippers and suppliers.

> Hydrogen-ready gas networks: Gas networks have
already been investing inan iron mains replacement
programme designed to improve safety. Supporting the
early completion of this programme would accelerate
the hydrogen-readiness of the gas network as wellas
erabling the skils te be developedto support future town
COMVersions.

3 . Prioritising innovation

Achieving our goals will require change across the
energy system, requiring innovation across a range of
technologies. Mechanisms are needed to bring forward
the research and development funding we need to see
inorder to retail hydrogen as an option.

Equally important, anda key enabler of this, is innavation
in both regulation and market design. Without this we are
unlikely to see the innovation we need. Reqgulation today
prevents anyone adding hydrogen to the gas netwaork
for example.

Ofgem: Review how today's regulatory framework and
market design needs to change in order to enable the whole
systems innovation we needto see.

Cadent will: Consider what regulatory reforms may
be necessary to enable the development of a new
hydrogen market, sharing and developing proposals
in conjunction with others across the industry.

4 - Injecting pace into the building of
infrastructure we know we will need

Infrastructure providers have a duty to outline what
can be achieved before 2050 and getting started on
the delivery of that now. Many national infrastructure
projects take many years to develop, and if we start
to plantoo late we might find that we have lost the
opportunity to deliver in time. Supply chains and skills
must be developed in parallel to ensure success.

This is as true for hydragen as it is for heat pemps—both
require materal investment upstream of the consumer, in
production, storage and delivery networks. Government
should consider what role they and others need to play in
accelerating the planning and development processes.

This will have the added benefit of enabling us to innowvate
and learr by doing. Real traction comes from large scale
projects that enable the sort of l2arning that can only be
doneg inreal life situations. This could include projects
such as heat network delvery, hydrogen village or town
comversion and scaled hydrogen production.
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S ————— A

Government: ensure that the energy system can delver
the infrastructure changes necessary to suppart the
transition to low carbon heat, for example by accelerating
infrastructure investment inthe electricity network and
creating a hydrogen-ready gas network. Support early
large-scale projects that will deliver sigrificant learning
v doing oppartunity.

Ofgem: Allow feasibility projects to progress to Final
Irvestrnent Decision before heat policy decisions are
sef outin detail inorder to avoid delays.

Cadent will: develop conversion plans to demonstrate
the critical path required for infrastructure decisions
relating to the gas network, outlining requirements
for skills and supply chain. Bring projects to

Final Investment Decision. Ensure the early and
effective dissemination of learning across hydrogen
innovation and delivery projects.

Ensure conguniesr wants and
needs are properly considered

5- Ensuring consumers are central to
decisions on the future of heat

The journey to net zero will mean that we need to design
and deliver new heat systems and - for many - change
the fabric of homes across the country while being
sensitive to the circumstances of individuals. Delivery
will mean developing new incentives, mandates

and taxes.

There s a wealth of experience in the private sector at
designing consumer propositions. Government should
explore ways of exploiting this experience inthe design of
their palicy. Cur research has highlighted consumers expect
Government ta mandate the change neededand then allow
choice in how that change is delivered ona home by home
basis. Consumers know they currently lack the knowledge to
make that decision, sothey want (al an approved shortlist of
options for them to choose from and (B) access ta impartial
inforrmation with which to make that decision.

Cadent will: continue to develop the necessary
consumer insight required to support conversion

of consumers away from fossil gas heating systems.
This will include a focus on how future hydrogen
propositions can be developed with consumers

at their heart.
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6. Ending the unnecessary ‘format wars’

The continuous argument between hydrogen boilers
versus heat pumps is unhelpful and gets inthe way of a
debate about how we deliver both. The truth is that both
hydrogen and heat pumps will be needed if we are to
decarbonise home heating. They each have limitations
that can be resolved with the inclusion of the other. The
only question to be settled therefore is the eventual mix
of each in the future system.

Given it is unlikely that sufficient certainty will be available in
the nearterm to answer that question, we need to move on
from arguing about which will 'win' and instead work together
on establishing where each technology will be deployed and
Py we will help consurmers make the transition.

Cadent will: not engage in 'format wars'. Instead we
will continue to develop the economic detail on the
repurposing of the gas grid to carry future green
gases, creating transparency of information.

We will support the continued development of
economic models that support whole systems
approaches, acknowledging where thereis a
preferred role for other solutions as we develop
our future asset strategies.

;: Understanding consumer views on
heating and beginning engagement early

Our research highlighted that despite the fact that
consumers understand the need to decarbonise in broad
terms they often lack a clear understanding of what this
means in practice when related to the decarbonisation

of heat. Investment in engagement is needed now to
ensure that consumers have the information they need to
understand the challenge ahead, why it is necessary, the
implications for their home heating systems, the options
available to them, the pros and cons of each and where
they can get help and support with making the transition.

Our research highlightedthat a range of parties will need

to come together for this to be a success, including
Government, local authorities, consumer organisations and
the private sector Work needs to start now on delivering this
if the transition to low carbon heat is to be successful,

Government: should explore avenues toincreass education
of the general pubdic, engaging with the private sector, local
authorities and other interest groups to assist inthis ambition.

Cadent will: develop education materials on the
role of hydrogen in meeting this challenge, setting
out both where it can be part of the solution and
importantly being clear about where it cannot. We
will also work with parties from across the energy
sector and society on a coherent and engaging
conversation with consumers about the way forward.

4? - Being upfront with consumers on how
much the transition is going to cost and
how it will be paid for

The costs of decarbonising heat are going to be
significant regardless of the pathway we choose.
Whether it is improving the energy efficiency of homes
across the country, installing heat pumps, running
hydrogen boilers or investing in the future green gas
and power networks needed to distribute low carbon
energy. the investment required will be huge and will
be ultimately borne by consumers - either directly,
through their energy bills or through taxation.

Our research to has shown there s also an expactation

that new green technology will be cheaper than current
technology — something which although largely true in power
today —and will be true in transport tomorrow — 15 unlikely ta
be true in heating for the foreseeable future. Incentives may
not be encugh, aswe have learnt from our experience over
the last 10 yearsin encouraging consumers ta imvest inthe
energy efficiency of their own homes,

While this suggests anincreased burden being met through
taxation, this needs to be seen inthe context of the worst
recession in lving memory and public finances acutely
stretched by the fight against COVID-14.

We therefore need to assess the costs of decarbonising
home heating and start an upfront and straightforeard
carversation with consurmers abolt what that looks like and
hiowe it will be paid for. This will be vital for ensuring we have
consent for the decisions we will need to take.

Ir doing 50, we will need to weigh the needto rebalance
energy policy costs between electricity and gas bills such
that they incentivise the take up of heat pumps with the need
to finance the development of the future hydrogen system.
Any changeswill also needto be carefully designed so that
they do not negatively affect levels of fuel poverty.

Government: Consider the full range of system impacts
of heating solutions requiring investment prior to the
adaptation of the current engrgy taxation regime. Clearly
articulate how the move to net zero will be inanced and
hiow this burden will be shared between the energy bill
andtaxpayers.

" Ensure robust econontic
£ decisions

9. Creating the right incentives to
decarbonise heating and deliver net zero

Industry stands ready to provide the investment
necessary for us to reach net zero. In order to unlock
this, we need to create a market design and regulatory
framework that incentivises them to do so.

With the needto drive long term investment there is a real
guestion over whether the current regulatory framework

is ‘fit for purpose’. While RRI-X and its RID successor

hawve served the energy and other sectors well in driving
productive efficiency andin mare recent times performance,
there is a real guestion as to whether they will be sufficient
mowving forwards.

The maove towards more ‘adaptive’ regulation during this
RIC-2 period should give Ofgemmaore ability to approve
irvestment whether this will be an enduring solution. In order
ta drive systemsthinking there may be a need to consider
aligning the price reviews for gas and electricity which are
preserthy out of sync. Cther market mechanisms also need
to be reviewed, for example those enabling carbon capture
and storage, as wellasthe pricing arrangements needead to
enable a future hydrogen market.

Government and Ofgem: Consider the market design and
regulatory barriers to investment andidentify ways inwhich
market design and regulatory frameworks could be reformed
ta uniock it
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Ensure robust econontic
decisions continued
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10. Stopping planning in silos

The current regulatory framework governing investment
in electricity and gas network infrastructure is not
sufficiently joined up. This is most clearly seen inthe
fact that planning and stakeholder engagement tends

to be completed separately by gas and electricity
networks. This will hamper our ability to deliver

the whole system approach we need in order to
decarbonise heating.

Consumers are likely to make choices ontheir future
heating systerm based on their individual wants, needs and
preferences. The sum of these individual choices will require
both gas and electricity network operators to coordinate the
design of infrastructure to meet these needs in good time.
This will require the industry to adopt best practice systems
thinking methods.

The seeds of this have already been planted. For example,
Cadent has developed positive working relationships with
our electricity counterparts. These positive relationships can
be leveraged to convert individual network plans into more
detailed whole Systems plans.

There is also a need for the co-ordination of local area plans
for decarbonisation, led by a body that can ensure that

we do not deliver a patchwork of easy solutions without
considering the impact onthe whole system or of the harder
to decarbonise buildings. This will underpin choice as wellas
support future town by town conversion strategies that work
for localareas.

Government: Existing work on developing Local Area
Energy Plans should continue and be supplemented with
work to as5ess how these can be integrated with wider
decarbonisation of heat plans across a whole region.

Ofgem: Consider a review of the regulatory process to
enablemore effective planning and co-ordination between
gas and electricity networks, such as aligning price review
processes, Support the development of expertise within
the public sector.

Cadent will: continue to develop a town by town
hydrogen conversion strategy that illustrates how
this might be deployed in every region. We will
work with local area planning bodies and other
infrastructure providers to provide a full view

on whole system resilience.
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11 Planning for peak demand,
not average demand

Although the goal is to have decarbonised heat well
ahead of 2050, the real challenge is to deliver enough
low carbon heat to meet the demand in the extreme
winter conditions that we experience in the UK every
20 years or so.

Heat demand inthese winter pericds may be nine times as
rmuch as inthe summer. Winter periods also coincide with the
highest incidence of dark and windless days. The combined
impact of these two things could create the single largest
chalenge to the resiience of the future energy systerm.

While some forms of energy demand can be shiftedto other
tirmes of day, for example by shifting whenwe charge our
electric vehicles or power our fridges, demandfor heat is
rmare instantaneous and s less easy to shift. Government
should consider the conseguential impact on price of such
gxtreme events, whether consurmers should be protected
and through what mechanism.

Government, Ofgem and Cadent: Ensure that winter
energy resilience is adeqguately built into plans for heat
decarbonisation.

/ Z. Deepening the understanding of the
critical factors in the economics that
will determine the energy mix

Hydrogen is not available for homes today. but we
have enough information to see that not only will it be
an option but that it will be necessary. What we lack
is certainty about the extent of the role it will play -
something that will depend on how a range of factors
change over time. It will be therefore be important to
refine the analysis as new information emerges, for
example on energy efficiency deployment rates and
the pace at which the price of hydrogen falls.

Government: \Work with industry to ensure that net zero
strategies and plans evolve aver time as new information
BITIErgEs.

Cadent will: share information and analysis on
factors relevant to the decarbonisation of heat so
that the analysis can be refined as needed. We will
work with partners across the energy industry to
build and refine analysis over time.

Endf noles
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12,
13.
14.
15.
16.
17

UK Government's Ten Point Plan

The CCC - SxthCarbon Budget.

UK Government's Ena rgy White Papar.

All numbers from Digest of UK Energy Statistics.
The CCC — SwthCarbon Budget.

Erglizh Housing Surey [2018/19).

The Guardian.

Tado.

Ofgam ECO3 reporting.

. BEIS Smart Mater Statistics inGreat BritainiSaptambar 2020).
. As perevidence to tha BEIS Selact Committea from lan Rippin.

MCS Oth Fabruary 2021 |,

Greater London Authority.
Manchesiar Climate Change Agency.
Statista.

HydHeat.

Vessmann.

Bottomaf the range taka nfrom miramum SPF for Domeastic
Renewalbda Heat Incentive heat pump installations (Ofgam) and
top of the range taken from the assumead SPF used by the CCC in
their BthCarbon Budget modelling for heat pumps in 2020 witha
system temiperatune of 400,

- Competition & Markets Authonty — Heat networks market study.
. Which? - Turmang Lp Tha Heat.

. BEIS—Heat Matworks, building & market framawork.

. Digest of UK Energy Statistics.

- BEIS- Fueure support for low carbon heat, mpact assassment.
. Tha CCC - Biomethane technical nota {20016).

The CCC - Haat in UK Buildings [2016).

- EUA - Decarbonising heat inbuildings [2021).
. HydrogenCouncil.

. See forexample tha CCC, ENA 2nd Aurora.

. Mational Grid — FES 2020,

. HyDeaploy:

H21.

. HydHeat Work Package 7.
. Mapping geological hvdroganstorage capacity and regional

heating demands: Anapplied LK casa study.

. H21 Morthof England.
. BEIS— Public Attitudes Tracker (May 2027}
- Including from BEIS - Transforming Heat, Public Attitudes

ResearchiJanuary 2020); Citizens Advice — Taking the
Temperature [August 2020); Leeds Backatt Univarsity — Public
Parceptions of comearting the gas network to liydrogen [Apdil
20200 MationalGrid — Heating our homas ina net zero future
[Saptemoar 2020} Climate Aszambly — The Path to Met Zamo
[Saptemioar 20:20); Brig ht Blue —Going Grea nar— public attitudes
to net zero {Dctober 2020); and Cfge m—Consume roginion about
climate ¢change and decarbonssation [Dctober 2020).

36,

34,
40,
41

42

43,
44,
45

46.
47,

48,
44,
_Wivid Economics — Accelarated Electrficationand the GB

51

52,
53.
- Worcestar Bosch - Dacarbonisation White Papar.
55

Research conducted by SavantaonCadent's bahalf. This
conzisted of 8 multi-method approachinciuding a survey of
2,043 paople across the country, a 5-day online community
witha regional and ra presantative group of 45 pecple to axplore
vigwpoints, opinans and behaviours inadeep and engaging
weay, ard 30 individual 1-2-1 in-de pth interviews with paople
invulne rable situations, thosa infuel powerty, early adopters

of mnaw low carbon iechnelogy and othars to ensure coverage
of ke audiences and gaina nchundarstanding of individual
circumsiances and opinons.

. Bement Enargy - Cost Analyzis of Futura Heat Infrastructura.
. The CCC - Analysis of alternative UK heat decarbonssation

pathways.

EMA—Gas decarbonisation pathways.

Aurora—Hydrogenfor Net Zero Great Britain.

By extansion, the utilisation rata of any electrolysariz akso
uncertain—a further kay sansitivity forthe cost of green
hydrogean.

Cadant analysis of various sources: CCC, Mavigant, Aurora, EMNA,
ORE Catapult, KPMG:

Az above.

BEIS-Enargy ard emissions progctions.

The ‘reating season’intha UK i normally considerad as Octobear
to March.

Elermant Enargy—Cost analyses of future heat infrastructura.

Merth of England Report refermed to previousty. Cost was
£15,278m for 3.8 million homes. To calculate the UK cost hare
wera have prorated this cost for 22 million homes.

Elerment Enargy — Cost analysis of future heat infrastructure.
Cadent writtenevidance to Pariament.

Electricity System.

Dalta EE - Cost of installing heating measwres in domestic
proparties.

Market Data {2020) - EuropeanHeat Pump Association.
Hydrogen-fired boiler[2021)—Worcester Bosch.

Ranges constructed from lite rature review, including thae CCC,
Elermant Enargy. BEIS, Ofgam, Westam Power Distnbution,
Ermergy Savings Trust. Dalta-EE, Carbon Trust, Citizens Advice
Scotland and the Sustainable Enargy Association. Haat demand
calcuated from central Dfgem estimatas today adjusted for
assumed 2% anerngy efficiency improvements eachyear to
2035, Discount rate of 3.5% applied across all capital costs.
Fuels costs am ratail, with range of wholesalke costs calculated
fromthe reports cited above. Haating systems capitalised over
15 yaars, building wpgrades and ratrofits capitalisad owar

30 years.
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