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Report aim, scope and methodology (1) 

Delta-ee has been commissioned by the Gas Futures Group of the Energy Networks Association to: 

“provide a desk top study on the optimal appliance technology pathways, by property type, based on known and emerging 

heating technology, required to meet carbon and renewables targets, highlighting the impact on consumers (cost to change 

and behavioural) and the potential load changes on the gas and electricity distribution networks out to 2050.” 

 

Methodology 
Delta-ee has developed a residential heat model that explores the above aims through: 
 

A housing stock model, segmenting the UK housing stock into 35 segments according to fuel availability and use, age, and 

building type. For each segment the thermal demand, and how this changes decade by decade to 2050 is defined. 

A technology performance model, forecasting future cost and performance has been built – covering: gas boiler; gas heat pump; 

low electrical efficiency micro-CHP; high electrical efficiency micro-CHP; gas boiler + solar thermal; air source heat pump; ground 

source heat pump; hybrid gas boiler + air source heat pump; biomass boiler; district heating; direct electric (storage) heating.  

A customer choice model, that incorporates physical fit of different technologies with different parts of the housing stock; customer 

uptake based on payback and upfront cost; and customer attitudes to different technologies. 
 

This residential heat model has been used to determine the future appliance mix under three scenarios 
 

1. Customer Choice – allowing the customer to chose based on physical fit, customer economics and attitudes  

2. Electrification and Heat Networks – Delta-ee defining a pathway where these solutions dominate in 2050 

3. Balanced Transition – Delta-ee developing a pathway where electric heating, heat networks and gas all play a role in 2050. 
 

Assumptions 
Wherever possible, Delta-ee has relied on public / ‘official’ sources as inputs to its residential heat model. These include DECC energy 

price forecasts; National Grid forecasts; English Housing Condition Survey (and other equivalents); Zero Carbon Hub; Poyry / 

AECOM’s 2009 district heat report; and various projections for future thermal demand of buildings (including by GL Noble Denton for 

National Grid).  

 

The technology performance model has the fewest available sources (for future cost and performance). Delta-ee has consulted widely, 

with more than 30 organisations, to develop these assumptions (and for the wider overall report). These are listed on the following 

slide. 
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http://www.delta-ee.com/
http://www.delta-ee.com/


Expertise in Decentralised Energy Expertise in Decentralised Energy.                                                 Delta Energy & Environment Ltd I 15 Great Stuart Street, Edinburgh EH3 7TS UK I T: +44 (0) 131 625 1011 I www.delta-ee.com   3 

Report aim, scope and methodology (2) 

Organisations Delta-ee has consulted with (in the UK and internationally) include the following 

We are grateful for the time spent by these organisations – by naming the organisation below we do not necessarily imply they 

endorse our assumptions & approach: 
 

AECOM 

British Gas 

Bosch Thermotechnology (Germany) 

CHPA 

Daikin 

Daikin (Belgium) 

Danfoss (UK) 

Danfoss (Denmark) 

District Energy Association 

E.ON 

Energy Networks Association (Gas & Electricity Futures) 

Fraunhofer Institute (Germany) 

Geothermal International 

Glen Dimplex 

Ground Source Heat Pump Association 

Heat Pump Association 

HHIC 

Imperial College, London 

Kensa Heat Pumps 

Mike King 

Mitsubishi 

National Grid 

Oftec 

Renewable Energy Association 

Robur (Italy) 

Solar Trade Association 

Solar Twin 

Sorption Energy 

SP Institute (Sweden) 

Vaillant 

Vital Energi 

Windhager 

Worcester Bosch 

Expertise from within Delta-ee 

 

The project has also pulled upon existing Delta-ee international expertise, 

including that from Delta-ee’s on-going research services: 

• Micro-CHP Service 

• Air Source Heat Pump Innovation Monitor 

• GB Microgeneration Research Service 

 

We have also utilised our knowledge base from previous research on topics 

such as  gas heat pumps, district heating and the wider  residential heating 

market. 

About Delta-ee 

 

Delta-ee is an energy consultancy specialising in the technologies, markets 

and policies on the ‘customer side of the meter’. 

 

We provide consultancy, research services and Summits for energy 

companies; manufacturers; the finance sector; and policy makers and 

influencers.  

 

For more information, please visit www.delta-ee.com. For more information 

on this report please contact: 

• Jon Slowe, jon.slowe@delta-ee.com 0131 625 1004 

• Jennifer Arran, jennifer.arran@delta-ee.com, 0131 625 1009 
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The three scenarios are compared by their 

impact on customers (customer economics 

& ease of retrofit) and their impact on policy 

(carbon & energy system impact)  

Electrification & Heat Networks – A two 

horse race 

Customer Choice – gas dominates 

Balanced Transition– multiple solutions 

Key: further from the centre = desirable 

1. Customer Choice scenario – allows customers to choose, based on upfront cost, running cost and fit 

with the housing stock: Carbon reduction targets for the residential sector will not be met by a combination of 

reducing thermal demand allowing customers to chose their heating appliance (without government 

intervention). Even when strong progress is made on low carbon heating appliance cost and performance, and 

with 75 TWh of biomethane, carbon reductions  (2040-50 compared to 2010-20) of 46% are achieved. Gas 

boilers continue to be used in 19 million homes, based on their low capital & running costs & excellent fit with UK 

homes. 
 

2. Unsurprisingly, the Customer Choice scenario fails to meet the 2050 carbon reduction targets - two 

alternative scenarios are constructed: 
 

Electrification and Heat Networks (E&HN) – assumes virtually all homes use either electric 
heating (heat pumps & direct electric) or heat networks, fed-by zero carbon heat. There is no role 
for gas. 96% reduction in carbon emissions (from 2010-20 levels). 
Balanced Transition (BT) – has an approximately even split across three heating types:  (1) heat 
networks (dense urban areas & new build), (2) low carbon gas appliances (suburbia), (3) electric 
heating (some suburbia, rural and new build). This includes 75TWh of biomethane. 90% reduction in 
carbon emissions 

 

3. Sensitivity analysis on levels of biomethane, electricity grid decarbonisation & carbon intensity of heat supply 

for district heat  shows noticeable but small falls in carbon reductions for all scenarios.  

Key messages 

New research by Delta-ee, commissioned by the Energy Networks Association (Gas Futures Group) 

analyses how the residential heating sector can be decarbonised (Government target is for total 

decarbonisation by 2050). The analysis focuses on the customer, breaking down the 2050 housing 

stock into 35 segments, and modelling the performance of different heating appliances in each 

segment. Eleven heating appliances are analysed (by cost, performance & fit with housing stock) – many 

of these are immature (globally and / or in the UK) and future development is uncertain.  

Key findings: 

Balanced Transition can be achieved with less government intervention (and at less cost) than 

Electrification & Heat Networks, while achieving 90% (rather than 96%) carbon reduction from today to 2050:  
 

High efficiency gas appliances, have lower running costs (and in some cases upfront costs) for certain parts 

of the housing stock than electric alternatives, in addition to easier retrofit into existing homes with gas boilers. This 

gives them stronger customer appeal, and potential for a lower level incentive.  

A greater mix of technologies, has lower impact on the energy system – the addition of hybrid heat pumps and 

gas appliances to the mix, results in a additional peak electricity generation demand 50% lower than under E&HN, 

and district heat is focused solely on high density housing (rather than stretching into suburbia) limiting costs.  

 

Implications: 

http://www.delta-ee.com/
http://www.delta-ee.com/
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Keep a variety of options open 

The scale of the challenge This report suggests that keeping a variety of options open 

to decarbonise heat gives lower risks, and potentially a 

lower cost path that pursuing a narrower end point.   
 

Although BT achieves a 90% (rather than 96%) carbon reduction 

from today to 2050 it has two key benefits: 
 

It avoids moving an additional 12 million homes completely 

away from gas – where the highest customer costs are imposed. 
 

Lower impacts on the energy system -, additional peak 

generation demand grows to 24GW, rather than 48GW, as under 

E&HN. Costs (discounted, opex and capex) to re-enforce the 

electricity distribution network are €8bn lower. Part of the €4bn cost 

to shut down all of the gas network is avoided. 

The scale of the policy challenge becomes clear when we look at the existing 

housing mix – gas dominates, and is the biggest contributor to residential carbon 

emissions.  
 

Moving gas customers from boilers to low carbon technologies will be essential to 

get close to 2050 carbon reduction targets 

However success in both scenarios requires 
 

1) Reduce thermal demand – Delta-ee has assumed 21% reduction 

in thermal demand from current buildings – interventions such as 

the ‘Green Deal’ will be required. 
 

2) Development and wide-spread expansion of district heat– 

growth of district heat will require major intervention under both 

scenarios (more so under E&HN). It will require a new regulatory 

framework (potentially mandating  that customers connect). 
 

3) Need for technology, product & supply chain development -  

to ensure efficient appliances are brought to market & can be 

successfully retrofitted to homes (including efficient gas 

appliances under BT). 
 

4) Decarbonisation of electricity grid, decarbonised heat supply 

for district heating and biomethane growth (for BT) are all 

required. 
 

5) Major energy system upgrades & additional peak electrical 

generating capacity–  These impacts are lower in BT but 

upgrades to the electricity distribution system will be required, and 

decisions will need to be made about decommissioning parts of 

the residential gas grid. 

Under BT 12million less homes – mostly in 

suburbia - need to undergo transition from 

gas to electric heat pumps or district heat 
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Low carbon if stay electric 

Want to switch:  

Low level incentives needed 

Hard to switch:  

Significant incentives needed 

New build:  
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Major changes in the UK heating 

appliance mix have historically required 

government intervention or customer 

pull 

 

1950  

 

 

 

 

2012 

 

Where gas is available, gas boilers are 

an excellent fit with customer ‘wants’ 

Low capital cost  

Reliable, low maintenance  

High efficiency & low-cost fuel (DECC 

forecasts relatively stable future gas 

costs) 

Compact 

Excellent fit with UK heat distribution 

systems (high temperature radiators) 

Easy to use – instantaneous hot water 

 

Large-scale switching away from gas 

boilers will be challenging and require 

(strong) interventions 

 

The scale of the challenge to reduce carbon emissions 

~80% of carbon emissions from residential heating in the UK are from on-gas 

properties, the vast majority of these are in suburbia.  
The slow turnover of housing stock means these properties remain ‘the challenge’ in 2050 

 

There are no examples, globally, of large-scale switches away from gas boilers for existing 

buildings – although some smaller-scale switches are emerging in a few markets. 

Volumes of low carbon heating appliances are, in nearly all cases, very low (and therefore 

costs are high) 

There are massive opportunities for learning and innovation in retrofitting low carbon 

heating technologies to existing UK homes 

There are many potential low-carbon heating appliance options – but 

technologies & markets are, in most cases, very immature today 

DECC’s target is full decarbonisation of residential heat by 2050. Growth in biomethane and 

reducing thermal demand  alone will not meet this target (or get close to it). A major change 

in the heating appliance mix is therefore required.  

Clean Air Acts 

Town gas to 

natural gas 

Condensing boilers 

Intervention Customer pull 

Central heating 
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How this research explores the challenge to decarbonise 

residential heat 

Detailed housing stock segmentation – segmenting the housing 

stock according to age, house type, and fuel type – 35 segments in 

total. We used this as a basis to analyse the fit of different heating 

appliances to each segment of the housing stock    

1 

Technology development – assumptions for cost, performance and 

retrofit challenges of 11 different heating appliance technologies 

through to 2050  

Energy and carbon assumptions – using DECC / National Grid 

and other assumptions as necessary* 

Running cost, capital cost of each heating appliance technology 

in each housing stock segment – as well as the practical retrofit 

issues for homeowners 

Customer choice scenario – modelling what heating appliances will 

customer in each housing stock segment chose, decade by decade 

to 2050, based on Delta-ee market research (separate to this study) 

Stakeholder consultation:  This research drew upon Delta-ee’s market research with customers, international expertise in low 

carbon heating systems and the UK microgeneration market. In addition, we consulted with over 30 companies from the UK & continental 

Europe including the heating industry; energy suppliers; district heating companies; researchers such as universities and R&D institutes.  

Creation of two alternative scenarios – based on detailed insight 

of the ‘fit’ of different technologies in each part of the housing 

segment. 

This research was designed and carried out from the customer 

point of view – focusing on the challenges of retrofitting 

different technologies to different parts of the housing stock  

We also examine the impact of different heating 

appliance mixes on policy makers and the wider 

energy system 

The star diagram below is applied to three scenarios for 

the future heating appliance mix . 

2 

3 

4 

5 

6 
The scenarios that are developed and modelled are 

customer-led (focusing on the customer impact, 

shown above), with the consequential policy impacts 

then examined. 
*Base case assumes 75 TWh 

of biomethane available in 

residential sector by 2050 – 

less than one fifth of current 

residential gas supply for 

heating 

Carbon

Energy system
impact

Ease of retrofit

Customer
economics
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Technology options to decarbonise heat 

*Different variants are possible producing more heat from the ASHP 

Many technology options exist, but there is uncertainty about their scope for cost reduction, performance improvement and 

their widespread ‘retrofitability’ to the UK housing stock 
 

Our assumptions for each technology were based on global and UK volumes increasing and continuous learning & innovation. 

On-going industry investment and engagement is necessary to increase volumes and maximise the ‘learning’ opportunities. 

This will require positive signals from government – without this industry investment may not be forthcoming 

Electric 

Heat  

Pumps 

1. Will – under our base case - result in higher upfront costs and running costs 

than gas technologies 

 

2. Requires an outdoor unit, hot water tank and typically some modifications to 

the heat distribution system (radiators + possibly pipework). 

 

3. Will be more challenging in homes with very high heat demands (as a 3 

phase connection will be required) 

 

Electric storage heaters may be an effective solution for homes with very small 

thermal demands (e.g. new flats) 

Micro 

CHP 

1. Carbon emissions critically depend upon 

assumptions for marginal electricity that is 

displaced 

 

2. Have large (but uncertain) potential for cost 

reduction and performance improvement 

 

3. Are a relatively straightforward retrofit 

(generally larger / heavier than a boiler & 

requiring hot water storage tank) – produce 

high flow temperatures. 

Gas heat 

pumps 

1. Are only emerging today, 

with high (but uncertain) 

potential for cost and 

performance improvements 

 

2. Will bring similar (but slightly 

lower) retrofit challenges to 

electric heat pumps – 

potentially without requiring 

a hot water storage tank 

1. Requires a district heating connection into a house – and a hydraulic 

interface unit (like a boiler), without hot water storage tank. 

 

2. Flexible heat source from energy centre (can be local or remote from 

residential customers) 

 

3. No experience in UK in connecting existing owner-occupier homes to 

district heat networks (commercial risk in building new schemes). 

Biomass 
1. Some retrofit challenges - requires fuel 

storage (manually or automatically fed 

to boiler) and a larger heating appliance 

 

2. Good fit with high flow temperatures in 

existing heat distribution systems. 

1. 50-60%* of heat demand from 

ASHP, rest form boiler 

 

2. Flexibility in operation helps to 

avoid electricity system impact 

 

3. Simpler retrofit than pure heat 

pumps 

Hybrid heat 

pumps 

District 

Heat 

Solar 

Thermal 1. Relatively 

straightforward 

retrofit, providing 

south facing roof 

and hot water 

storage tank 
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What happens if customers are allowed to choose? 

Customer Choice – Gas dominates 

Gas 

Electric 

Heat  

networks 
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Without any intervention, customers chose 

gas appliances – less than 1% of gas 

customer switch to an alternative fuel 

Carbon targets missed – but low impacts on customers and the 

wider energy system  

Existing homes 

Gas heating appliances offer low to moderate 

upfront cost, and low running costs 

Micro-CHP grows on the back of product 

maturing and electricity prices rising 

substantially faster than gas prices.  

Gas heat pumps mature but gain minimal 

market share 

Some switching away from oil 

 

New build is dominated by heat networks and 

electric heating (driven by regulations). 

By definition of this scenario, customers chose low capital cost, low 

running cost appliances that are relatively straightforward to retrofit. 

Carbon reductions arise from growth in biomethane (75 TWh out of 327 TWh 

or 23% of total gas consumption for residential heat), reduction in thermal 

demand and some growth in lower carbon appliances 

However, carbon emissions only fall by 46% in 2040-50 compared to 

2010-20 levels.  

There is some growth in peak demand on the electricity system from growth 

of heat pumps (in new build and off-gas grid properties), but this only 

amounts to 8 GW.  

Heat networks grow but nearly all in new build.  

Key – “desirable” 

impacts are furthest 

from the middle 

* All assumed to be oil in 

this report 

* 
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Exploring customer decision making – focusing in on post-war on-

gas semi-detached homes 
Key customer challenges, in an example segment 
 

1. Awareness is low, and low carbon heat is an emerging market in the UK:  Customers are largely ignorant of low carbon heating 

technologies and our market research shows most are very cautious of ‘new’ heating technologies. This is important today, but we assume 

attitudes can shift completely in a couple of decades. 

2. The retrofit challenges for many low carbon heating technologies are substantial: for many homes this challenge can be overcome, but 

for others it will always remain a significant barrier. Overcoming the challenge requires both homeowner acceptance of these challenges, and 

major development of the UK installer network and heating supply chain. 

3. Gas appliances have, under our base-case assumptions, substantially stronger customer economics than alternative technologies: 

Gas boilers have, by some way, the lowest upfront cost – even factoring in large increases in global volumes for other technologies. DECC 

projects electricity prices rising more than gas – this results in lower running costs for gas technologies (factoring in performance improvements 

for gas, micro-CHP and electric heat pumps). 

On-gas, semi-detached, built in 1945-2011 

This shows the customer perspective (based on our model outputs), decade by decade, for different heating appliances in one 

of the largest and most challenging housing segments to decarbonise. The vast majority of these homes are in suburbia 
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1. Uncertainty exists in these assumptions – they represent our best view based on stakeholder consultation 

2. Our district heat model analyses costs on a per-dwelling basis for a scheme of 1,000s of homes (mixed loads are incorporated, as is a ‘perfect’ day one connection rate). The network costs are amortised over a 30 year 

period at 10% discount rate. The capital costs are then split across an upfront cost for the homeowner (set just above a gas boiler) with the annual bill comprising the heat cost and the rest of the capital cost   

Boiler  

running 

cost 

Notes 
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What happens under an electrification and district heat only 

scenario? 

Significant interventions will be required to 

shift customers away from gas appliances 

and onto either electric heating or heat 

networks.  

Delivers carbon targets but at high cost to customers 

Similar to the DECC heat strategy, which sees 

not future role for gas, and almost completely 

decarbonises heat: 

 

61% homes on electric heating / heat pumps 

34% of homes adopt district heat (and heat 

networks have to reach into suburbia). 

All homes switch away from oil and gas 

5% adopt ‘other solutions’ – biomass as the only 

solution for some hard to heat homes.  

By definition of this scenario, all customers are moved to electric heating 

and heat networks.  

Although this delivers on carbon targets (96% reduction*) it imposes high 

cost on customers, involves challenging retrofit issues, a major roll out of 

heat networks, and results in major impacts on peak electricity demand. 

There is significant growth in peak demand on the electricity system from 

growth of heat pumps – an additional 48GW of capacity will be required, 

along with major upgrading of the distribution network (£16 – 28bn to 2050, 

including that for electric vehicles and PV) and shut-down of all gas networks.  

Significant growth in heat networks – even into areas with less dense 

housing (All urban, and some suburban homes).  
Key – “desirable” 

impacts are furthest 

from the middle 

Under CC, carbon targets are not met, so Delta-ee has developed two alternative scenarios by fixing the 2045 end point (through segment by 

segment analysis of opportunities for different technologies in each part of the housing stock) and developing realistic pathways. 
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* Reduction in 2040-50 compared to 2010-20  
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What happens under a more balanced scenario? 

Very strong growth in heat networks and 

electrification of heating – but with gas still 

playing a significant role in suburban homes. 

Ambitious decarbonisation and fuel switching 

needs to occur – but the hardest to switch homes 

are able to stay on gas (or gas  / electric hybrids) 
 

37% homes on electric heating /  electric heat 

pumps 

27% of homes adopt district heat (dense urban roll-

out only). 

Fuel switching completely away from oil  

A range of low carbon gas appliances (including 

electric heat pump –gas boiler hybrids) are adopted 

– 30% of customers stay on gas (16% hybrid)   

BT imposes higher costs on customers than CC, but for certain customer groups 

(primarily suburban customers currently on the gas network) lower than E&HN. It 

offers a wider range of technologies to make retrofit less challenging.  

Delivers significant carbon savings (90% reduction*), but this is dependent on 

75TWh of biomethane being available. 

There is growth in peak demand on the electricity system – an additional 24GW of 

capacity will be required, along with upgrading parts of the distribution network (£8 

– 14bn to 2050, including that for electric vehicles and PV) and shut-down of parts of 

the gas networks.  

Significant growth in heat networks – but only into dense urban housings, 

suburban on-gas homes can opt for gas or hybrid technologies.  

Key – “desirable” 

impacts are furthest 

from the middle 

* Reduction in 2040-50 compared to 2010-20  

Under E&HN scenario, there are some extreme impacts, on both the customer and on the system. Delta-ee has developed the Balanced 

Transition scenario, as a more compromised position, which can achieve significant carbon results at lower cost to customer and the energy 

system. 

Balanced Transition – multiple solutions  
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Achieves significant carbon reductions while minimising impacts 

on the customer and the energy system.  
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Sensitivities – balanced transition is relatively robust to 

sensitivities examined 

We tested the scenarios against four sensitivities – overall Balanced Transition is less sensitive than 

Electrification and Heat Networks to risks in decarbonising electricity and in zero carbon supply of heat 

to district heat networks, although it shows some sensitivity to lower amounts of biomethane. 
 

If only a fraction of the assumed level of biomethane is available,  BT delivers 79% (rather than 90% 

savings in 2045 compared to 2015) carbon saving.  

If the electricity grid is mostly (150g/kWh)  but not fully decarbonised by 2050, then under E&HN 

carbon reductions become 85% (rather than 96%). BT savings are less sensitive, falling from 90% to 85%. 

If there is some residual carbon in heat supply for district heating (50g/kWh rather than 16g/kWh), 

carbon reductions for E&HN become 93% (rather than 96%) for E&HN. BT savings falling from 90% to 88%. 

We assume technical advances with air source heat pumps mean that even on the coldest evening the 

average COP is 2.2 – if we assume a COP of 1.7, then additional peak demand from heat pumps rises by 11 

GW for E&HN (5 GW for BT). 

 

 
Slower electricity 

grid 

decarbonisation  
0.15g/kWh, rather 

than 0.02g/kWh 

Less / more 

biomethane in 

res. gas network 
20 TWh / 100 TWh, 

rather than 75 TWh 

District heat is 

not fully 

decarbonised 
50g / kWh rather than 

16g/kWh 

 

Lower electric 

heat pump COP 

on coldest day 
COP of 1.7 rather than 

2.2 (in 2050) 

Higher gas, lower 

electricity prices 
Gas price 8p rather 

than 5.7p/kWh, 

electricity price 18p 

rather than 21.5p/kWh 

Metric 

Carbon reduction in 

2050 

Carbon reduction in 

2050 

Carbon reduction in 

2050 

Peak additional 

demand from electric 

heat pumps 

Additional switching 

from gas to electric 

Electrification and 

heat networks 

85%  

(from base of 96%) 

No gas in this 

scenario 

93%  

(from base of 96%) 

Rises from 48 to 59 

GW 

Relevant only for 

Customer Choice (as 

EH&N and BT are 

‘fixed’) 

Shift from micro-CHP – 

mainly to gas boilers, 

some gas heat pumps, 

0.2M extra ASHPs 

 

Balanced 

transition 

85%  

(from base of 90%) 

 

Less biomethane = 

79% 

More biomethane = 

95% 

(from base of 90%) 

 

88% 

(from base of 90%) 

Rises from 24 to 29 

GW 

Carbon price impact 
Assuming a 2050 carbon 

price of £250 / tonne would, 

for a semi-detached post war 

house, add an additional 

£207 to the annual running 

cost of a gas boiler 

(additional ~£80 for a gas 

heat pump and hybrid). 

 

This results in annual 

running costs of ~£1,000 for 

a gas boiler, ~£500 for a gas 

heat pump, £839 for an 

ASHP.) 
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Comparing the scenarios by appliance mix and ‘retrofitability’ in 

selected housing segments 

Gas, Detached, 

pre 1944 
2.2M homes 

Flat, Electric, 

1944 – 2011 
1.1M homes 

Oil, Detached 

Pre 1944 
0.4M homes 

Gas, Semi,  

1944 – 2011 

3.7M homes 

Gas, Terrace,  

Pre 1944 – 1980 

4.9M homes 

Space constraints are key  – both in terms of the 

heating appliance and a hot water tank (many of 

these homes have combis) 
 

• CC –90% boilers, 10% high-ee micro-CHP 

• E&HN – 60% district heat (high density 

housing), 40% electric (nearly all heat pumps) 

• BT – 45% district heat, 10% gas HP, 5% gas 

boiler, 15% heat pump, 25% hybrid boiler - HP 

 

 

No gas supply – electric  resistance heaters in each 

room, no hydronic / communal systems.  

 

• CC – all remain electric 

• E&HN – 75 % district heat , rest are electric 

(20% storage heaters, 5% heat pumps) 

• BT – same as E&HN 

 

 

Space constraints are key  – for the heating 

appliance, an outdoor unit (if req.), and (for some) 

space for a hot water storage tank  

 

• CC – 90% boilers, 10% high-ee micro-CHP 

• E&HN – 75% elec. heat pumps, 20% district 

heat, 5% biomass in hardest to treat homes 

• BT – mix of technologies, primarily: one third 

boiler – elec. heat pump hybrids; 25% elec. heat 

pumps; 20% gas heat pumps; 10% micro-CHP. 

 

 

Space less of a constraint – but low thermal density 

means no heat networks. Electric HPs may struggle 

in very large houses  

• CC – 53& boilers, 43% micro-CHP, 4% gas heat 

pumps 

• E&HN – 75% elec. heat pumps, 25% biomass in 

hard to treat homes 
• BT – mix of technologies: 30% boiler – elec. heat 

pump hybrids; 25% elec. heat pumps; 25% gas 
heat pumps; 10% micro-CHP, some boilers & 
biomass 

Less constraints –  some homes with large 

thermal demands may need 3 phase electricity 

supply 

 

• CC – 65% remain on oil,  22% switch to 

biomass, 13% to elec. heat pups,  

• E&HN – all switch, mostly to HPs (75%), some 

biomass (20%) and 5% to district heat 

• BT – 85% switch to HPs, 15% to biomass 

 

 

Different housing segments have 

very different challenges (and 

opportunities) in decarbonising heat 
 

This slide shows some of the challenges for 

selected example housing segments, and the 

different solutions adopted in the different 

scenarios. 
 

A broader range of technologies opens up a 

wider set of options to decarbonise heat. 
 

The gas and oil segments all have high 

temperature heat distribution systems today  

- this will present some challenges for gas & 

electric heat pumps (but not for hybrid boiler – 

heat pumps). 

 

  

Number of homes based on number in 2040-50  
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Gas is the dominant heating fuel today, and is the biggest contributor to residential carbon 

emissions. Moving gas customers to low carbon technologies will be essential to get 

close to 2050 carbon reduction targets, and likely require stronger policy interventions 

than other segments. Oil and electric segments are easier to resolve, with smaller incentives 

and the process of electricity grid decarbonisation, and new build can be driven effectively 

with strong regulation.   

0 2,500 5,000 7,500 10,000 12,500 15,000

Detached - Other (Pre 1944)

Detached - Other (1945 -2011)

Terraced - Other (Pre1944-1980)

Terraced-Other (1980-2011)

Semi - Other (Pre 1944)

Semi - Other (1945-2011)

Flat - Other (Pre 1944 - 2011)

Detached - Electric (Pre 1944)

Detached - Electric (1945 -2011)

Terraced - Electric (Pre1944-1980)

Terraced-Electric (1980-2011)

Semi - Electric (Pre 1944)

Semi - Electric (1945-2011)

Flat - Electric (Pre 1944)

Flat - Electric (1945-2011)

Detached - Gas (Pre 1944)

Detached - Gas (1945 -2011)

Terraced - Gas (Pre1944-1980)

Terraced-Gas (1980-2011)

Semi - Gas (Pre 1944)

Semi - Gas (1945-2011)

Flat - Gas (Pre 1944)

Flat - Gas (1945-2011)

Urban / suburban gas heating systems present the biggest policy 

challenge 

Switching customers away from gas boilers 

presents the biggest challenge –  to 2050, gas 

technologies generally have stronger customer appeal 

(easier to retrofit with attractive economics). Under BT 

there is a lower impact on customers, as not all are 

required to shift completely away from gas, with the 

hardest to switch segments able to stay on gas. 

Switching to district heat - Under both scenarios, 

switching to district heat is desirable to help 

manage the impacts on the network – particularly in 

dense urban areas. However if the grid-

decarbonises as projected, no switching is 

technically required to meet the carbon targets in 

this segment.  

Switching customers away from oil - Customer 

research shows customers in these segments are 

interested in switching away from oil. As oil prices 

continue to rise, only a small push from incentives 

will be required to encourage uptake of alternative 

technologies – oil segments are the ‘easier to win’ 

segments under both scenarios. 

Regulating new build: The challenge in new build 

is to encourage developers to adopt low carbon 

solutions. This can be done effectively with 

strong regulation which continue to build on 

existing policy and mandate zero carbon solutions.  

Incentives for DH:  

Low carbon if stay electric 

Want to switch:  

Low level incentives needed 

Hard to switch:  

Significant incentives needed 

New build:  

Driven by regulation 
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2.6M 

homes 

1.3M 

homes 

  E&HN    BT 

9M homes 

(by 2050) 
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Common to both 

2% of carbon 

emissions in 

2050 

The key challenge under any scenario is how 

to shift customers away from their current 

system, to a low carbon heating technology.  

1) The ‘challenge’ 2) The nature of the challenge (emissions from residential heat) 3) The solution 

2015 emissions from residential heat (Thousands of tonnes C02/yr.)  

Different solutions 

will be suitable for 

different segments 

– BT enables less 

switching in difficult 

gas segments 

2015 emissions from residential heat (Thousands of tonnes C02/yr.)  
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Balance Transition could result in lower customer policy costs 

to 2050 

Scenario Challenge Timeline 
2012                                         2030                                            2050 

Electrification and 

heat networks  

 

96% reduction in 

carbon emissions 

 

All customers in all segments 

switch to electric heating or district 

heat. 

Balanced transition 

 

90% reduction on 

carbon emissions 

Significant numbers of customers 

switch to electric heating and 

district heat – however, biomethane 

and a small amount of natural gas 

enables the most challenging 

segments (suburban, on gas, high 

thermal demand) to stay on high 

efficiency gas or hybrid appliances. 

Under a more balanced scenario – the policy costs of generating the required level of ‘switching’ could be lower. The additional cost of the 

extra 6% of carbon savings under electrification and heat networks scenario, above and beyond the balanced transition scenario, requires a step 

change in the level of incentive. An additional 12m homes need to be moved completely away from gas. This would require on-going intervention 

for the next 30-40years and pushing district heat into the more costly suburban areas (less dense housing) 
 

Under Balanced Transition, smaller incentives could be used to push some customers to higher efficiency gas technologies or hybrids while still 

achieving significant carbon savings. However this scenario does require significant biomethane growth (75TWh).   

RHI / Tariff incentive required for on-gas homes for at least 30 

yrs. Electric & DH never competitive without this 

RHI / Tariff incentive for on-gas / oil homes, 

but this can come later and at lower value – 

hardest to heat homes adopt high efficiency 

gas appliances 

Up-front grants – could be effective 

to encourage switching from oil 

Up-front grants – could 

be effective to encourage 

switching from oil to 

2030’s 

Regulatory drivers + investments required under both scenarios 

Reduce thermal demand – insulate where economic and use government schemes such as the ‘green deal’ where appropriate 

Grow the district heat network – growth of district heat will require major intervention. It will require a new regulatory framework (potentially mandating 

customer to connect) manage connection risks. Starting with social housing roll out in urban areas. The cost grows as district heat is pushed into suburban areas 

(as required in our electrification and heat networks scenario) 

Invest in R&D and awareness raising – to facilitate uptake investment needs to be made to ensure both that emerging technologies mature and that the supply 

chain has the right skills. There is also a role in raising awareness among end users for both government and the industry. 

Up-front grants – could be effective to encourage switching to high 

efficiency gas and hybrids  

Smaller homes will need an 

RHI – upfront cost prohibitive 
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Regulation / minimum performance standard 

for retrofit appliances (mandating shift from gas) 

Regulation / minimum performance standard 

for retrofit appliances (mandating shift from gas) 
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Implications for the Energy System 

Here, we analyse the network requirements for the two 

alternative pathways to 2050 

The Electrification & Heat Networks scenario requires (1) 

large-scale roll out of heat networks, (2) upgrading of 

electricity distribution networks outside of these areas, and 

(3) a managed exit from the gas network. 
 

The Balanced Transition requires similar, but lower 

challenges as (1) and (2) above, plus large growth of 

biomethane injection into the gas network.  
 

A market-based approach may result in duplication of 

networks – for example one area having a reinforced 

electricity network, district heat network and gas network 
 

A planned approach can avoid network duplication - for 

example on area being designated a “district heating” zone 

(similar to Denmark), another being a “gas” zone, another 

being a “reinforced electric” zone. 

Electricity supply & 

demand – tens of GW of 

additional peak demand 

 

Peak demand from 

electric heat pumps will 

add 48 GW to the winter 

peak under E&HN, and 24 

GW under BT – unless 

novel forms of thermal 

storage can significantly 

decouple heat pump 

operation from the timing of 

thermal demand.  

Impact on electricity distribution networks  

 

Using the same  model as the Smart Grid 

Forum WS3 report, heat pump growth in BT 

and EH&N has been taken with DECC mid-

range estimates for electric vehicles and 

photovoltaics uptake. Additional investment in 

electricity distribution networks (capex & 

opex, discounted, over 2012-50) is calculated. 

 

BT can deliver significant investment 

savings compared to E&HN – reducing 

investment by £8bn or more if smart solutions 

are not adopted to tackle the challenges for 

the distribution network,  

Heat networks 

 

Both BT and E&HN require 

large-scale roll-out of heat 

networks.  

 

In BT, heat networks reach 9.8 

million homes – mainly new 

build and higher density city 

centre homes. 

 

In E&HN, heat networks reach 

an additional 12.4 million 

homes in less-dense areas. 

* 

* Other solutions such as biomass or local heat networks may be suitable 

for some rural areas 

Gas networks 

 

E&HN sees no role for 

gas in homes in 2050  

 

Under BT 12.5 million 

homes still use gas for 

all or part of their 

thermal needs.  
 

Both scenarios 

require a managed 

exit from some or all 

of the gas network – 

a complete exist will 

cost €4 billion. 
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Keep a variety of options open 

The scale of the challenge This report suggests that keeping a variety of options open 

to decarbonise heat gives lower risks, and potentially a 

lower cost path that pursuing a narrower end point.   
 

Although BT achieves a 90% (rather than 96%) carbon reduction 

from today to 2050 it has two key benefits: 
 

It avoids moving an additional 12 million homes completely 

away from gas – where the highest customer costs are imposed. 
 

Lower impacts on the energy system -, additional peak 

generation demand grows to 24GW, rather than 48GW, as under 

E&HN. Costs (discounted, opex and capex) to re-enforce the 

electricity distribution network are €8bn lower. Part of the €4bn cost 

to shut down all of the gas network is avoided. 

The scale of the policy challenge becomes clear when we look at the existing 

housing mix – gas dominates, and is the biggest contributor to residential carbon 

emissions.  
 

Moving gas customers from boilers to low carbon technologies will be essential to 

get close to 2050 carbon reduction targets 

However success in both scenarios requires 
 

1) Reduce thermal demand – Delta-ee has assumed 21% reduction 

in thermal demand from current buildings – interventions such as 

the ‘Green Deal’ will be required. 
 

2) Development and wide-spread expansion of district heat– 

growth of district heat will require major intervention under both 

scenarios (more so under E&HN). It will require a new regulatory 

framework (potentially mandating  that customers connect). 
 

3) Need for technology, product & supply chain development -  

to ensure efficient appliances are brought to market & can be 

successfully retrofitted to homes (including efficient gas 

appliances under BT). 
 

4) Decarbonisation of electricity grid, decarbonised heat supply 

for district heating and biomethane growth (for BT) are all 

required. 
 

5) Major energy system upgrades & additional peak electrical 

generating capacity–  These impacts are lower in BT but 

upgrades to the electricity distribution system will be required, and 

decisions will need to be made about decommissioning parts of 

the residential gas grid. 

Under BT 12million less homes – mostly in 

suburbia - need to undergo transition from 

gas to electric heat pumps or district heat 
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DH will require incentives  

Low carbon if stay electric 

Want to switch:  

Low level incentives needed 

Hard to switch:  

Significant incentives needed 

New build:  

Driven by regulation 
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emissions in 

2050 

2015 emissions from residential heat (Thousands of tonnes C02/yr.)  
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If you have any questions on the report, or would like a copy of the full report please 

contact: 

 
Jon Slowe, Director and lead author 
 

“The UK is about to embark on hugely challenging low carbon journey with lots 

of uncertainties. Full decarbonisation can be achieved by relying almost 

completely on electric heat pumps and zero carbon heat networks.  

 

 However, this imposes significant costs on customers and brings retrofit 

challenges. It also requires heat networks to reach beyond the dense urban 

areas which will be difficult, and will have a huge impact on the electricity 

distribution network and peak electricity demand on the coldest days of the 

year.” 

Jennifer Arran, Analyst and co-author 
 

“Heat networks and electric heating play massive roles in both of our low 

carbon scenarios. But keeping low carbon gas appliances in the toolkit to 

decarbonise heat could significantly reduce the scale of the challenge.” 

Jennifer.Arran@delta-ee.com 

 +44 131 625 1009 

Jon.Slowe@delta-ee.com 

+44 131 625 1004 
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Disclaimer 

Copyright © 2012 Delta Energy & Environment Ltd. All rights reserved. 

  

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any means electronic, 

mechanical, photocopying, recording or otherwise without the prior written permission of Delta Energy & Environment Ltd. 

  

Unless otherwise credited all diagrams in this report belong to Delta Energy & Environment Ltd. 

  

  

Important 

  

This document contains confidential and commercially sensitive information.  Should any requests for disclosure of 

information contained in this document be received, we request that we be notified in writing of the details of such 

request and that we be consulted and our comments taken into account before any action is taken. 

  

  

Disclaimer 

  

While Delta Energy & Environment Ltd (‘Delta’) considers that the information and opinions given in this work are sound, all parties 

must rely upon their own skill and judgement when making use of it.  Delta does not make any representation or warranty, 

expressed or implied, as to the accuracy or completeness of the information contained in tie report and assumes no responsibility 

for the accuracy or completeness of such information.  Delta will not assume any liability to anyone for any loss or damage arising 

out of the provision of this report. 

  

The report contains projections that are based on assumptions that are subject to uncertainties and contingencies.  Because of the 

subjective judgements and inherent uncertainties of projections, and because events frequently do not occur as expected, there 

can be no assurance that the projections contained herein will be realised and actual events may be difference from projected 

results.  Hence the projections supplied are not to be regarded as firm predictions of the future, but rather as illustrations of what 

might happen.  Parties are advised to base their actions of an awareness of the range of such projections, and to note that the 

range necessarily broadens in the latter years of the projections.         
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