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Foreword With the Department of Energy Security and Net 

Zero due to consult on the role of hydrogen for 

home heating in 2025, it is timely to provide 

additional economic analysis to support the 

decision-making process. 

Whilst we agree that for many homes, 

electrification is the most economical solution for 

achieving decarbonised heating, it is not a one-

size fits all solution. Low-carbon solutions are 

needed for all types of homes, and those that 

are hard or expensive to electrify also require a 

cost-effective and reliable solution.

We believe the chosen home energy transition 

pathways should consider both the whole-

systems and direct costs to consumers of policy 

decisions, as well as providing choice to 

consumers.

The whole system includes all the costs that a 

home could incur as part of the transition 

including the production of energy, the delivery 

of the energy to the home, the management and 

provision of resilience and changes needed 

within the home.

We have carried out an analysis of hard-to-

electrify homes in the UK, demonstrating that 

hydrogen can play a role in decarbonising 

domestic heat economically and practically. Our 

analysis for specific housing archetypes shows 

hydrogen to be a cost-effective and practical 

solution for a balanced energy system where 

both hydrogen and electrification play a role. On 

this basis hydrogen just be retained as a low 

carbon heating option.

Home heating currently 

accounts for 12% of the 

UKôs Greenhouse Gas 

emissions and is often 

perceived as one of the 

most challenging parts of 

the economy to 

decarbonise. Cadent is 

committed to supporting a 

just transition to Net Zero, 

ensuring all domestic heat 

consumers have access to 

low-carbon heating 

options for their homes.

Dr Tony Ballance

Chief Strategy & Regulation Officer
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This report demonstrates that it would be premature for 

policymakers to rule out hydrogen as an option for 

decarbonising hard-to-electrify homes

5

1

2

3

This analysis draws upon existing studies to identify the proportion of UK 

homes which are hard-to-electrify. We have analysed the characteristics of these 

properties that impact their suitability for electrification to better understand the 

cost/benefit of different heating solutions in these homes. 

Three hard-to-electrify archetypes and one easy-to-electrify archetype were 

chosen for further analysis. To compare the economic cost of hydrogen with 

electrification, we have modelled the typical annual heat consumption required for 

each archetype. 

We then analysed the full value chain cost to the consumer which shows 

hydrogen can be cheaper than heat pumps in hard-to-electrify homes. We 

consider both the upfront cost of the heating system alongside the cost for the energy 

system needed to deliver low-carbon heat to consumers. 
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Heat pumps have an important role to play in 

decarbonising many British homes but should not be 

seen as a panacea

6

Key Implications

1. Between 20-40% of homes are 

considered hard or costly to electrify.

2. Discounting hydrogen for heat is 

premature whilst clear questions 

remain unanswered around the 

challenges surrounding hard-to-electrify 

homes. 

3. Ruling out hydrogen risks significant 

costs falling on households which are 

unsuitable for heat pump installation. 

4. Existing gas infrastructure can be 

leveraged to support hydrogen for heat 

delivery.

5. Our research6 shows many 

consumers would prefer to have the 

flexibility to select their own heating 

solutions, rather than having them 

determined by government mandates.Average Range:

20-40%

BEIS Element Energy for 

CCC

Energy Systems 

Catapult

Energy Utilities 

Alliance

Aurora for NIC

10%

37%

34%

54%
52%

Several studies show that for a proportion of the housing stock heat pumps are unfeasible or 

uneconomic and other low-carbon options are needed

Source: (1) BEIS 2018, (2) Element Energy, Deep Decarbonisation Pathways for UK Industry, 2020, (3) Energy Systems Catapult: All housing types are suitable for heat pumps, (4) Guidehouse, Whole System Analysis for the Energy 

Networks Association, (5) Aurora Energy Research, The Role of System Flexibility in Achieving Net Zero, National Infrastructure Commission, 2023, (6) Savanta - Exploring the role of choice in the heating transition

Heat pumps offer an efficient way to heat many households, 

especially newer buildings with adequate space and good 

insulation, aligning well with the UK's push towards an energy 

system built upon home-grown renewable energy and 

reduced carbon emissions.

However, there are challenges facing 

electrification of certain property types. For 

instance, homes with limited space or poor 

insulation may find heat pumps less 

effective or too costly to install.

Figure 1: Assessment of the proportion of homes that are unsuitable for a heat pump1-5



Discounting hydrogen for heat could remove a credible 

option for decarbonising óhard-to-electrify homesô

7

We have selected four housing archetypes for further analysis made up of three óhard-to-

electrifyô archetypes and one óeasy to electrifyô archetype for comparison. 

Collectively they represent c.6.5 million (27%) of the 24 million gas-connected UK homes. 

What do you have to believe for 

electrification to be a panacea for home 

heating:

1. All UK home types are suitable for 

electrified heating.

2. Sufficient renewable power and system 

resilience will be in place to meet 1 in 20 

peak demand, while also electrifying 

transport and industry.

3. There will be widespread consumer 

acceptance of the experience and costs 

(both upfront and ongoing) associated with 

heat pumps.

4. At a whole-systems level it is more 

economically advantageous to electrify all 

households than all other low-carbon 

options (e.g. hydrogen heating).

5. The UK has sufficient skills and supply 

chains to deliver a 15x increase in heat 

pump installation rate over 10 years.

Table 1: Characteristics of home archetypes analysed in this study1 

Source: (1) Ministry of Housing, Communities and Local Government - English Housing Survey data on stock profile

Property Age Property Characteristics 

Property Type Period Proportion 

of the 

Housing 

Stock

Built pre-

building 

(thermal) 

standards 

(1965).

Thermal 

efficiency 

improvements 

needed 

Solid 

Wall

Cavity 

Wall 

Limited 

Outdoor 

Space

Limited 

Indoor 

Space

Hard-to- 

Electrify 

Mid terrace Pre 1919 8% V ᴞ V V V

Semi-detached 1945-1964 10% V ᴟ V

Detached 1945-1964 7% V ᴟ V

Easier to 

Electrify
Detached (modern) Post 1990 3%

ᴞ Significant thermal efficiency upgrades needed       ᴟ Some thermal efficiency upgrades needed 



A full value chain analysis of both 

heating systems shows hydrogen can 

be cheaper than heat pumps in hard-

to-electrify homes

This analysis demonstrates the 

annualised costs for hydrogen 

heating customers can be lower than 

that of a heat pump user in 3 out of 4 

analysed home archetypes.

Upfront Cost (Annualised) Network Costs Wholesale Costs Other costs

Figure 2: Annualised cost to consumers in each analysed home archetype (£)

8

Suitable for heat pumpsHard-to-electrify

209 202 240 260 340 385 300 334

646

173

827

258

1,409

439

1,174

366

381

377

381

377

381

377

381

377

292
915

292
1,098

375

1,464
375

1,098

Heat Pump Hydrogen Boiler Heat PumpHydrogen Boiler Heat Pump Hydrogen Boiler Heat Pump Hydrogen Boiler

1,529
1,666 1,741

1,992

2,506
2,664

2,230 2,175
+£137

+£251

+£158

-£55

Modern Detached Mid-Terrace Semi-Detached Detached 

Key Point to note:

We have quantified the full value chain 

cost of electrification in a conservative 

manner to demonstrate hydrogen heating 

can be competitive even in unfavourable 

scenarios. 

For example, our analysis does not include 

the cost of retrofit or insulation that is often 

recommended with home electrification 

(which can cost up to £48,200 according to 

one study1) to reduce the heat loss and the 

requirement for a larger heat pump. We have 

also used modest estimates for the cost of 

electricity network enhancements and storage 

required to integrate renewable energy 

sources to reliably deliver heat to UK homes.

Source: (1) Energy Systems Catapult - Electrification of heat demonstration project summary report 



The most economic heating solution will depend on the home 

archetype

9

Key takeaways from the analysis: 

The analysis shows the upfront costs of hydrogen heating to be substantially lower than heat 

pumps. This can be up to 70% lower in some home archetypes.

Legacy network and decommissioning costs are similar for both hydrogen and heat pump 

users, although the cost to consumers of upgrading the electricity grid is assumed to be marginally 

lower than converting the gas network to hydrogen.

H2

On a per unit basis, wholesale hydrogen is expected to be cost competitive with electricity when 

considering significantly higher cost of storage and flexibility required to integrate renewable energy 

sources. Despite this, heat pump users will pay less for their energy than hydrogen users due to 

higher efficiency and thus lower heat demand.

Our analysis demonstrates that once the full value chain costs are considered, hydrogen 

heating can be cost competitive in hard-to-electrify homes, with consumers saving between £137 

and £251 annually when utilising hydrogen in comparison to electricity.
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Decarbonising domestic 

heating requires affordable, 

practical, and reliable low-

carbon solutions

Decarbonising domestic heating, unlike 

other parts of the energy sector, will 

require major changes to homes and lives. 

Consumer needs must therefore be kept 

front of mind when policy decisions are 

being considered

Known options for low carbon heat

Å Heat pumps - A heat pump is rather like a refrigerator 

or air conditioner in reverse - drawing heat from the 

ground or outside air, even when it is cold, and 

transferring the heat into the building.1 

Å Hydrogen boilers - Hydrogen boilers have been 

designed as a straight swap for a gas boiler, at much 

the same price. The boiler is the same size and shape 

as conventional combination boilers and therefore 

provides easy integration and familiarity for the 

consumer. Boiler manufacturers have developed 

hydrogen-ready boilers that run on natural gas and 

hydrogen so that conversion to hydrogen - which would 

be managed on a street-by-street basis has minimal 

impact for the consumer.

Å Resistive Heaters - Electric resistance heat can be 

supplied by centralised forced-air electric furnaces or 

by heaters in each room. These appliances run on 

electricity and are 100% efficient in the sense that all 

the incoming electric energy is converted to heat.2

Å Heat Networks - A distribution system of insulated 

pipes that take heat from a central source and deliver it 

to a variety of different customers such as: public 

sector buildings, shops and offices, sport facilities, 

universities and homes.3

11

Affordability: This is a critical concern for 

consumers as heating costs constitute a 

significant portion of household expenses. 

Reliability: Consumers require heating 

systems that deliver consistent 

performance, ensuring comfort and security 

throughout the year. 

Practicality: Systems should be easy to 

maintain and integrate seamlessly into 

existing home infrastructure, providing 

peace of mind to homeowners. 
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Consumer needs

Source: (1) Energy and Climate Intelligence Unit, (2) US Department of Energy, (3) BEIS ï Heat Network Investment Project



Hydrogen heating presents a compelling alternative low

carbon heating solution in hard-to-electrify homes

12

`

Consumer 

Needs

Benefits of 

hydrogen 

for Heat

Hydrogen boilers have been 

designed to integrate into 

existing systems, minimising 

capital cost.

Gas networks will be utilised to 

distribute hydrogen and 

biomethane to industry and 

power generation and therefore 

large parts will be able to be 

repurposed for hydrogen, 

avoiding significant 

decommissioning costs. 

Affordability

Hydrogen heating systems are 

designed to function in a similar 

way to todayôs gas boilers, with 

performance consistent with that 

of gas, in terms of heating 

capacity and efficiency. 

By establishing a local supply 

chain to produce and store 

home-grown hydrogen, 

distributing it where and when it 

is needed in heating, industry 

and power generation, we can 

increase resilience and support 

energy security.

Reliability

Conversion to hydrogen will 

need to happen on a street-by-

street basis. The impact on 

households of the conversion 

process is minimised due to the 

development of hydrogen-ready 

boilers. Homes are likely to need 

new meters, a hydrogen monitor 

and an additional excess flow 

valve as part of the conversion.

Hydrogen systems are designed 

to be easy to maintain, reducing 

the complexity and cost of 

ongoing maintenance. 

Practicality
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The UK housing stock is diverse and predominantly dependent on gas for heating 

ï this presents some complexity when it comes to decarbonisation

14

Many UK homes lack the insulation and modern heating systems needed to 

keep energy bills low and reduce carbon emissions

Much of the UKôs housing was built long before energy efficiency standards became 

a priority. In fact, the Institute for Government found that the UKôs housing stock is 

among the least energy-efficient in Europe.1 As we look towards a decarbonised future 

energy system, finding effective ways to 

heat these diverse and often inefficient 

homes is crucial

Heat pumps installed in the 

last year6

Annual heat pump roll out required 

by 2035 to achieve electrified 

heating2

Of UK Greenhouse Gas 

emissions come from domestic 

heating2

Homes connected to gas 

supply3

of homes were built pre-19454 of homes rated D-G in energy 

efficiency5

12% 85% 

35% 64% 98,468 1.5M
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14Source: (1) Institute for Government ï Tackling the UKôs Energy Efficiency Problem, (2) Climate Change Committee ï 7th Carbon Budget, (3) Gas Goes Green - Answering your questions about Gas Goes Green, (4) Uswitch Research, (5) 

Ministry of Housing, Communities and Local Government - English Housing Survey data on stock profile, (6) Heat pump association ï Statistics



Decarbonising heat is a major challenge for achieving

Net Zero by 2050 and requires targeted action to address
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When it comes to decarbonising UK homes, electrification is often seen as the 

frontrunner, but the diversity in the housing stock provides a strong justification 

for maintaining optionality in heating technologies 

Electrified heating offers an 

efficient way to heat many 

homes, especially newer 

builds with good insulation. It 

aligns well with the UK's push 

towards moving to an energy 

system built upon home-grown 

renewable energy and 

reduced carbon emissions.

However, the diversity of the 

UK's housing stock presents 

challenges to electrification. 

For instance, properties with 

limited space or poor 

insulation may find heat 

pumps less effective or too 

costly to install.

For homes that are hard to 

electrify, the availability of a 

range of other domestic 

heating systems options will 

be an important pillar of 

supporting home 

decarbonisation. 

15

What do you have to believe for 

electrification to be a panacea for home 

heating:

1. All UK home types are suitable for 

electrified heating.

2. Sufficient renewable power and system 

resilience will be in place to meet 1 in 20 

peak demand, while also electrifying 

transport and industry.

3. There will be widespread consumer 

acceptance of the experience and costs 

(both upfront and ongoing) associated 

with heat pumps.

4. At a whole-systems level it is more 

economically advantageous to electrify 

all households than all other low-carbon 

options (e.g. hydrogen heating).

5. The UK has sufficient skills and supply 

chains to deliver a 15x increase in heat 

pump installation rate over 10 years.Policymakers should therefore consider retaining optionality to ensure the 

most economic and viable route to low-carbon heating 



It is estimated that electrifying 20 - 40% of homes 

may be unfeasible or uneconomic
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Average Range:
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DESNZ1 Element Energy for 

CCC2

Energy Systems 

Catapult3
Energy Utilities 

Alliance4

Aurora for NIC5

10%

37%
34%

54%
52%

Figure 3: Assessment of the proportion of homes that are unsuitable for a heat pump1-5

Several studies agree that for a proportion of the housing stock heat pumps are unfeasible or 

uneconomic

Å Energy Systems Catapult: details that 12% of heat pump installations were technically unfeasible and 34% 

were not recommended.3

Å The Energy Utilities Alliance evaluated feasibility based on space constraints and calculated a likely 

challenge in 37% to 54% of homes ï identifying terraced houses and flats as likely challenges.4

Å A similar range of 25% to 52% was highlighted in Auroraôs evaluation for the National Infrastructure 

Commission.5

Source: (1) BEIS 2018, (2) Element Energy, Deep Decarbonisation Pathways for UK Industry, 2020, (3) Energy Systems Catapult: All housing types are suitable for heat pumps, finds Electrification of Heat project, (4) Guidehouse, Whole 

System Analysis for the Energy Networks Association, (5) Aurora Energy Research, The Role of System Flexibility in Achieving Net Zero, National Infrastructure Commission, 2023, 



Reasons some homes may not be suitable for heat pumps

17

For these homes, the availability of other domestic heating systems options will be crucial to supporting 

the UKôs Net Zero goals and ensuring that no home is left behind in the energy transition

Figure 4: Reasons Heat Pumps were not 

recommended ï Energy System Catapult1:

Practical Barrier Technical Barrier

Economic Barrier Participant Barrier

Other Barrier Multiple Barriers

Category Example Barriers

Practical

Å Insufficient external/internal space

Å Excessive noise

Å Disruptive works

Å Routing issues

Å Fabric incompatibility

Å Reinforcement required

Technical
Å Size incompatibility

Å Impedes comfort

Economic

Å Excessive installation costs

Å Cost of energy efficiency measures

Å Excessive running costs

40.0%

30.0%

11.0%

6.0%

5.0%

5.0%

Table 2: Barriers to heat pump suitability1 

Source: (1) Energy Systems Catapult: All housing types are suitable for heat pumps, finds Electrification of Heat project, 
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Planning regulation 

Heat pumps' size and 

noise, combined with a 

need to occupy space 

outside the home can 

lead permitting 

complexities

Poor Insulation - Heat 

pumps work best in 

homes with plenty of 

insulation. Less efficient 

homes will struggle to 

retain heat

Spatial Constraints - 

Limited internal or 

external space hinders 

heat pump installation 

due to their size and 

requirements

Grid Connection ï 

may be unable to 

support heat pump peak 

demand, requiring costly 

upgrades

Solid Walls - may 

require extensive and 

costly modifications to 

accommodate heat 

pumps.

High Heating 

Demands - may require 

larger more costly heat 

pumps with additional 

heat capacity

Microbore 

Pipework ï often

 need costly pipework 

replacements for heat 

pump compatibility

Excessive noise - Like 

an air conditioner, heat 

pumps have an outdoor 

unit that can make some 

excessive noise

m2



Discounting hydrogen for heat prematurely may 

remove a compelling option for decarbonising ñhard-

to-electrifyò homes 

18

To demonstrate this, we have conducted a full value chain cost analysis of three typical 

hard-to-electrify UK housing archetypes representing 24% of the housing stock

For comparison we have also included a home archetype where heat pumps are most likely to be 

the best option (representing 3% of the housing stock). These archetypes, collectively represent 

around 6.5 million (27%) of the 24 million gas-connected UK homes.

Hard-to-electrify housing archetypes

We have selected three housing architypes 

that are ñhard-to-electrifyò. These make up the 

majority of the 20-40% of homes that could be 

suitable for hydrogen heating. Our archetypes 

are defined in more detail overleaf. To 

summarise these are: 

ÅMid-terrace: Built 1919-1945; these homes 

can have space constrained gardens and 

rooms, impacting the installation of heat 

pumps, water tanks, insultation and 

radiators.

ÅSemi-detached: The homes specified in 

this report were built post-war (1945-1964) 

typically having cavity walls.

ÅDetached: These older properties (also 

1945-1964) from the mid-20th century that 

can have very poor thermal efficiency with 

harder-to-insulate solid walls.
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Source: (1) Ministry of Housing, Communities and Local Government - English Housing Survey data on stock profile

Table 3: Characteristics of home archetypes analysed in this study1 

ᴞ Significant thermal efficiency upgrades needed       ᴟ Some thermal efficiency upgrades needed 

Property Age Property Characteristics 

Property Type Period Proportion 

of the 

Housing 

Stock

Built pre-

building 

(thermal) 

standards 

(1965).

Thermal 

efficiency 

improvements 

needed 

Solid 

Wall

Cavity 

Wall 

Limited 

Outdoor 

Space

Limited 

Indoor 

Space

Hard-to- 

Electrify 

Mid terrace Pre 1919 8% V ᴞ V V V

Semi-detached 1945-1964 10% V ᴟ V

Detached 1945-1964 7% V ᴟ V

Easier to 

Electrify
Detached (modern) Post 1990 3%



Hard-to-electrify Suitable for heat pumps

To enable assessment of the economics of hydrogen heating compared with 

electrified heating, the analysis considers annual heat consumption of each home

19
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Table 4: Data assumptions utilised for each archetype

Mid-terrace Semi-detached Detached (post-war) Detached (modern)

Key Characteristics
Solid wall, lack of exterior 

space, low thermal fabric

Uninsulated cavity walls

Only 50mm of loft insulation

Uninsulated cavity walls

Only 50mm of loft insulation
Filled cavity walls

Heat and hot water 

demand (kWh)
8,050 10,304 17,549 14,624

Hydrogen Boiler 

Capacity (kW)
87% Efficiency

24 24 32 32

Air Source Heat Pump 

Capacity (kW)
300% Efficiency

8 10 12 10

EPC Rating: F EPC Rating: E EPC Rating: E EPC Rating: B




























