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With less than 30 years until the UK’s net zero target must
be met, policymakers and experts now agree that the time
has come to tackle heat decarbonisation in earnest. A great
deal of change needs to be achieved in other sectors, such as
transport. Yet, unlike vehicles, which are replaced frequently,
heating systems last a long time, and are one of the largest
purchases made by a consumer. Within a timeframe
equivalent to the life of two domestic boilers, almost every
fossil fuel heating system in the UK will require replacement.
It is vital that any changes introduced are sensitive to the
characteristics of properties across the country, as well as the
circumstances of individual consumers. This will be no mean
feat, and there is a great need to build the evidence base
upon which decisions can be taken.
Liquid Gas UK’s members have supplied energy to rural areas
for decades, and intimately understand rural issues. Over 9
million people live in rural areas in England, representing 17%
of the population1. The change required for the UK to meet
net zero will require engagement from these communities, as
we ask them to make changes to the way in which they travel,
work, and use their homes.
In 2019, Liquid Gas UK analysed the technology options
available for decarbonising off-grid heating. This analysis
demonstrated that a mixed technology approach – which
allows for the installation of heating systems in buildings
most suitable for their operation – is a more cost-effective
decarbonisation route (by £7bn) for off-grid heating than
requiring all homes to move to heat pump technology in a
100% electrification scenario2.
In response to widespread interest in our 2019 report
and a greater focus on the detailed mechanics of heat
decarbonisation in rural homes, we have decided to review
the decarbonisation options for a detached rural property in
more detail. Larger, older homes are prevalent in most rural
areas of the UK and have many attractive aspects, such as
their period features; they also pose some specific challenges
when it comes to heat decarbonisation. These properties are
typically larger than average, were built before new-build
energy efficiency standards were developed in the UK, and
therefore are typically energy inefficient with a relatively high
heat demand.
This note breaks down the most common technology options
available to these older, detached rural homes, the technology
costs, and the process of switching from heating oil – the
most common fuel source – to a lower carbon heating system.
As policymakers develop heat decarbonisation strategies
and policies over the coming years, it is important that
these policy decisions are evidence-based. We hope that
this note contributes to that off-grid heat decarbonisation
conversation.
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The Consumer Journey For Conwy Cottage, Currently Using
An Oil Heater

Large, Off-Grid Homes

Whilst installation projects vary substantially, the below graphic summarises a comparison of the typical time taken
to complete the installation of a low-carbon heating system from oil. It also illustrates estimates of consumer costs
where appropriate.

The Number Of Properties That Need
A Decarbonisation Solution
Background
The analysis for this paper focusses on a real home with real EPC data
typical of so many around the UK and located in Conwy, North Wales Conwy Cottage3. As a single-family, detached home built before 1945
with solid walls, it is an example of a house type commonly found in rural,
off-gas grid areas. The home has had little to no renovations carried out to
improve the fabric efficiency of the building since being built. This means
that the house has a heat demand of just under 32,000 kWh per year.
It is estimated that Conwy Cottage
falls into an archetype of 227,000
similar homes that the findings of
this analysis would also apply for
across Great Britain. Given that
80% of the homes that will be used
in 2050 already exist, it is likely
that the majority of the houses in
this archetype will still be standing
by this point. Additionally, many
people cherish living in heritage
and period buildings, particularly
in the countryside.

Image 1: Conwy Cottage

Decarbonising older and larger homes is an important part of reaching net
zero emissions in the UK’s housing stock by 2050 and the decarbonisation
pathway for these ‘harder-to-treat’ homes must be considered carefully.

Low emission heating technology options available today
A crucial change that will be needed to reach net zero will be the heating
system of Conwy Cottage. An oil boiler is the main heating system for
the house, as is currently typical in these types of rural homes, this will
need to be changed to a low carbon alternative due to the high emissions
associated with using this fossil fuel. Currently, using an oil boiler creates
just under 10,500 kgCO2e per year in emissions to meet the space heating
and hot water demand of Conwy Cottage. This is equivalent to driving
37,000 miles in an average petrol car.
Instead of oil, a low carbon alternative will be needed. Here there are
several options that the owner of The Conwy Cottage could take, with
many competing factors that will influence their decision. Table 1 below
provides a summary of the replacement low carbon heating technologies
that could be used alongside the main costs and considerations that
would be associated with each of these options.
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Table 1: Summary of Low Carbon Heating Alternatives Yearly
for Conwy
Fuel CottageLifetime
Bills /£
total cost
Fabric
(15-year) /£
Efficiency
Fabric
Improvement
Lifetime
Yearly
Technology
Upfront
Cost
Efficiency
Upfront
Fuel Bills Total Cost
Technology/£

Cost /£

Improvement
/£

/£

Emission
saving vs.
oil in 2020

Emission
Saving Vs.
(15-year) /£ Oil in 2020

Projected
emission
saving vs.
Projected
oil in 2050
Emission
(kgCO2e)

Saving vs.
Oil in 2050
(kgCO2e)

Monetised
Air Quality
Improvement
Monetised
vs. oil (2020)
Air
Quality
/£ (kgCO2e)

Improvement
vs. Oil (2020)
/£ (kgCO2e)

New Boiler Fuelled
by BioLPG

2,000

2,000

3,034

47,510

8,804

8,804

42

Biomass

16,574

16,574

2,325

51,449

9,807

9,807

-831

Air Source Heat
Pump

18,270

18,270

3,040

63,870

8,060

10,015

186

Air Source Heat
Pump + Energy
Efficiency Retrofit

31,690

Loft Insulation,
SWI, Double
Glazing, Energy
Efficient Door

1,166

49,180

9,560

10,310

186

BioLPG Hybrid
Boiler with Heat
Pump

14,960

14,960

2,657

54,815

7,059

9,612

157

Steps required, costs and time taken
It’s important to understand the consumer journey in detail to assess the
options for owners of large, detached rural homes. Often comparisons
of the consumer cost of heating technologies consider the upfront
cost (Capex) and running costs (Opex) of the system, but in reality, the
consumer journey is far broader, with many more financial and nonfinancial barriers.

BioLPG offers a low carbon fuel to heat the home in exactly the same way that a typical LPG boiler would, giving
the high temperature heating that the owner of Conwy Cottage is already familiar with. This means that the
household can use the radiators and existing hot water cylinder (if present), resulting in a substantially lower
upfront cost (at £2000) compared to all of the other options. Although fuel bills would be on the higher end of
these alternatives, this is more than offset to offer Conwy Cottage a far cheaper option over a 15-year heating
system lifetime, with bioLPG delivering emissions savings close to the biomass and heat pump options.
An Air Source Heat Pump4 is considered as an alternative for oil heating in Conwy Cottage. Heat pumps are often
viewed as a core part of the solution for heat decarbonisation, as they run on electricity which is becoming
increasingly low carbon. Heat pumps generally operate at greater efficiency with lower flow temperatures than
the typical UK central heating system has been set up for. As a result, homeowners often need to consider
energy efficiency improvements and emitter replacement in order to ensure efficient operation. In many
properties across the UK the necessary modifications will make sense, however it will not be appropriate in all
circumstances. In our archetype house, due to its age and size we have assumed that radiators would need to
be upgraded and the fabric efficiency of the building would need to be improved to ensure that the heat pump
is operating as efficiently as possible. This creates considerable disruption and upfront costs associated with the
installation of a heat pump as shown in Table 1.
The biomass boiler considered for Conwy Cottage would use a pellet-based system, larger than the oil boiler
already in place, that automatically feeds the pellets in to meet heat requirements of the home and provide hot
water. This system would also provide high temperature heat, allowing the household to avoid the changes
needed for a heat pump, but comes at a very high upfront cost (£16,574). Biomass also has been shown to create
high levels of air pollution, which in this case would result in air quality damage equivalent to £831 more than
staying with oil, compared to a £42 saving from the switch to bioLPG.
A bioLPG hybrid provides heating through a combination of heat pump and a bioLPG fuelled boiler, offering
both high and low temperature heat, to avoid the cost of fabric and emitter upgrades. This is because the boiler
can operate at peak times to provide high temperature heating when the heat pump cannot meet the full
heating demand. Low carbon heating is provided through the use of bioLPG for the boiler and electricity to
power the heat pump, meaning low overall carbon emissions, and the system can also operate ‘smartly’ to
minimise fuel bills by switching between the two options. Although lower than a standalone heat pump, this
does though come with higher upfront costs (£14,960) for Conwy Cottage and would also require quite a lot of
space to cater for the hybrid system.
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The Rural
Consumer Journey
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This section breaks down several heat decarbonisation pathways, with
key consumer costs also highlighted. Assessments of consumer time
taken have been informed by several studies5, and industry estimates.
Given the diversity in building stock and project requirements, we have
displayed a range of values where appropriate.
Our analysis of the consumer journey is focussed on the following low
carbon technologies:
• BioLPG boilers
• Biomass boilers
• Heat pumps: Air Source Heat Pump (ASHP)
or Ground Source Heat Pump (GSHP)
Given the assumed property type (detached, pre-1945, solidwalled), to operate at its potential, the installation of an Air
Source heat pump will likely need to be accompanied by
energy efficiency upgrades. Domestic RHI survey statistics,
shows that the majority (95%) of respondents who had
installed air source heat pumps in a solid-walled home, had
already installed solid-wall insulation or did so during the
installation of their heat pump6. Additionally, the uptake of
energy efficiency measures has in the past been a necessary
condition for receiving government subsidy support – such
as the domestic RHI. In other words, for a solid-wall home,
sufficient insulation is needed to operate an effective heat
pump and is often a necessary condition for installation.
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Research, Search and Contact

The process starts with the consumer researching options, assessing their merits, and making
initial contact with installers and suppliers to understand the costs and steps involved.
Department for Business, Energy, and Industrial Strategy (BEIS) research suggests that a large proportion of
heating system changes are motivated by so called ‘’distress purchases’’7. A distress purchase is defined as one
when due to breakdown of the existing system the customer is left without heating and hot water, or a very
short-term fix (for example, use of fan heaters). This could change the consumer’s decision-making process and
willingness to accept new technologies and disruption. It is recognised that consumers in this situation often
opt to repair or replace their existing heating system, as this can be an unexpected expense, shortening the time
to find a solution is important and consumers often behave cautiously.
In this analysis, we assume that the consumer is assessing all options on an equal footing and is switching away
from a heating oil boiler – which is a common heating technology in rural, off-grid areas.
We estimate that the research phase takes the householder between 4 and 8 hours to complete for a bioLPG
boiler. This process involves searching for fuel providers, comparing quotes, and deciding on a supplier.
For biomass, contacting MCS-certified installers is necessary to benefit from the domestic RHI scheme.
Consumers can search for contractors online.
Heat pumps and biomass boilers also benefit from the domestic RHI, Green Homes Grant and Clean Heat Grant,
and we have given an additional amount of time to reflect that these technologies are new to many consumers,
and research into the different incentives would be required. This takes our assumed total to between 10 and
18 hours of consumer research, installer search and contact time for electric heat pumps and biomass boilers.

2

Installation

Installation times and costs vary more substantially between technology options.
The first step is to remove the existing oil boiler and tank from the property. This involves isolating the oil from
the tank and boiler, flushing the oil feed line, removal of the filter and fuel feed pipe, drainage of the tank and safe
disposal. This process can take up to a day to complete and typically costs up to £1,000. The removal of the oil
boiler also takes a few hours to complete and costs between £200 - £300.
The bioLPG boiler is typically low cost and low effort to install. We estimate that the install of the boiler and tank/
cylinder housing takes half a day to complete, and costs £2,000 upfront. The tank costs are recouped via a rental
fee over time – if installed instead of cylinders.
The installation of the biomass boiler takes an estimated day to complete, alongside a fuel store. These systems
are often large in size, and are typically situated in garages, basements, or outhouses alongside a pellet/chip/
log hopper. The boiler will need to however be linked to the property’s wet central heating system via pipework.
The cost of the biomass boiler can be prohibitive to some consumers, and we assume that this comes to over
£16,500. This is in-line with BEIS estimates included in the Clean Heat Grant consultation and also domestic
RHI technology cost data. Note that consumers can receive the domestic RHI incentive currently, which will be
replaced by a £4,000 grant (Clean Heat Grant) from 2022.
The upfront cost and time taken to install a heat pump can vary substantially by technology and by project. An airsource heat pump could be installed in the rural home within 3 days and at an estimated upfront cost of £18,000.
Ground-source heat pumps, which often require the digging of a bore hole or a trench for the installation of a
ground array, could take up to a week or more to properly install. This is likely to come at an additional cost to the
consumer. Note again that consumers can benefit from the domestic RHI to support this low carbon solution and
the Clean Heat Grant from 2022 (£4,000 grant).
Low temperature heating systems operate effectively with larger heat emitters. Therefore, depending on the size
of the radiators in the property, the installation of an electric heat pump could be accompanied by heat emitter
replacements.

Pre-Installation

The pre-installation phase involves the appointment of contractors, surveyance of the property, agreement on
costs and timing of works, and preparation of the space for contractors to carry out the installation.
For a bioLPG boiler, this often involves contacting LPG suppliers directly, many of which will provide a site visit
and quote free of charge for the removal of the oil tank and boiler, installation of new LPG boiler and tank, and
supply of fuel. We estimate that this pre-installation phase will take a bioLPG consumer between 3 and 8 hours
depending on the number of site visits.
For biomass, an additional space may also be required to store fuel (typically pellets or logs) and the boiler
which can be relatively large. In a typical detached rural property, this space requirement is often less of an issue.
We estimate this will take a consumer between 3 and 8 hours depending on the number of site visits and time
required to prepare the site.

In addition, thermal efficiency measures are often recommended or even required by some Government
support schemes (e.g. dRHI) as a complement to the effective operation of heat pumps. Whilst energy efficiency
improvements will improve the performance of many heating systems, they particularly help heat pumps operate
at their potential – as the most energy efficient heating technology available.
The focus of this study is older, detached, rural homes – the majority of which have solid-walls. Solid-wall insulation
can be expensive to install for a detached house costing between £6,000 and £20,000 and require several days,
if not weeks to install8. Internal wall insulation can also require internal redecorating which could act as a barrier
to take-up for consumers. External wall insulation can come with another set of challenges for owners of listed
or heritage homes, as this type of insulation involves changing the external appearance of the house. For many
owners of rural homes that have attractive period features, this might be off-putting.

The process for preparing a rural detached home for a heat pump installation can be longer owing to the
additional surveying time and site preparation that might be needed particularly for larger ground-source heat
pumps. Here we estimate that this process will take between 3 and 14 hours to complete.
In summary, there is some variability and marginal difference between technologies in the time taken for the
consumer to prepare for installation of a low-carbon heating system.
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Summary

Post-Installation

The post-installation phase involves some clean up following the works, learning new heating
controls, disposal of the oil boiler/tank if not already completed and some redecoration if
needed. We expect this to take between 2 - 17 hours to complete – which potentially includes
the time taken to dispose of the oil boiler and to finish the application to the domestic RHI for
biomass boilers and heat pumps.
For works that involve more invasive measures, such as the laying of a ground array for a ground source heat
pump, or internal wall insulation, some redecoration and/or groundworks may be needed to return the property
back to normal. This could take a number of days to complete depending on the project and disruption caused.

5

To summarise, a shortcoming of some analysis of heat
decarbonisation options is the understanding of the practical
steps required to transition from high carbon fossil fuels, to
low emission heating within a home. For the consumer, this
equation is more than upfront and running costs, and includes
search times to find new technologies and contractors, and
hassle factors born from disruption caused.
This analysis has taken a step-by-step approach to display
the time taken to transition from oil-heating to a low-carbon
solution, in a detached, pre-1945 rural home. It can be seen that
the process is not straightforward for consumers and comes
with some costs. These will vary on a case-by-case basis.
Policymakers and industry should work together to ensure
that consumers are be presented with a range of options to
satisfy their building-type, preferences, and budget.

Ongoing

Consumers will need to maintain their heating systems which could involve organising
annual servicing with a qualified engineer. For biomass boilers particularly, a level of ongoing
maintenance on the part of the consumer is needed to manage ash produced by the boiler,
and the consumer will need to maintain fuel store levels. Some boilers have automatic feeds
from fuel stores, whilst others require manual feeding of pellets or logs.
The bioLPG boiler customer will need to liaise with suppliers to maintain adequate supplies
of fuel, but increasingly this process is being automated using smart meters and telemetry
systems that can be used to notify the supplier and automate the delivery process when fuel
stocks are low.
The heat pump consumer will also need to maintain their system with a standard annual
servicing process recommended.

Consumer Information
A key point of information often used for consumers comes through Energy
Performance Certificates (EPCs), which provide recommendations for
improvements to dwellings. However, these recommendations are often
not aligned with the changes needed for low carbon heating and may
even provide recommendations that could hinder this process. With the
high proportion of distress purchases, having this source of information to
hand might therefore be a missed opportunity for consumers looking to
make quick decisions, and even where consumers have the time to make
a more informed decision could slow the process of heat decarbonisation.
Of the 75,000 current EPCs issued for Worcestershire, for example, only
6 recommend the installation of a low carbon heating system from the
options available as discussed above.
Instead, with a focus on consumer costs, EPCs currently encourage the
installation of low-cost heating systems, including boilers that run on
heating oil – a fuel that is zero-rated under The Hydrocarbon Act, unlike
electricity, LPG, and natural gas. These perverse incentives in rural areas
encourage the use of heating oil and need to addressed if consumers are
to be made aware of the changes needed for low carbon heating.
An additional and pressing issue, is that bioLPG boilers are not currently
recognised as a decarbonisation option under SAP/rdSAP, and therefore
do not feature as a recommended measure at all in EPCs. This removes the
option to install a potentially cost-effective heating option - as this note
has demonstrated - for consumers.
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Data Inputs
Input

Amount

Units

Source

ASHP Capital Cost

£5,770 (3kW) - £18,270 (20
kW)

£

BEIS RHI

Electricity Price

0.1756

£/kWh

SAP 10.1

Oil Boiler Capital Cost

£2100 (12 kW) - £2,900
(36 kW)

£

ECO3

Electricity off-peak
tariff

0.1490

£/kWh

SAP 10.1

Oil Tank Replacement

£1250

£

General Internet
research

Conventional LPG price

0.0785

£/kWh

SAP 10.1

Gas Boiler Capital Cost

£

ECO3

BioLPG Price Premium

0.0141

£/kWh

Assumption

£1,500 (12 kW) –
£2,000 (28 kW)

LPG Tank Rental

£65

£/year

Household Quotes

£/kWh

SAP 10.1
Direct Electric
Capital Cost

£1,000 - £1,400

£

General Internet
research

Biomass Boiler
Capital Cost

£8120 (10kW) – £18100
(30kW)

£

BEIS RHI

Oil Condensing
Boiler Lifetime

15

Years

BEIS

Coal Boiler Lifetime

15

Years

BEIS

Gas Condensing Boiler
Lifetime

15

Years

BEIS

Biomass Boiler Lifetime

20

Years

BEIS

Oil Price
Biomass Price

12

0.0435
0.0510

£/kWh

SAP 10.1

Electricity Carbon
Intensity Factor

Projected Yearly

kgCO2e/kWh

HM Treasury

LPG Carbon Intensity
Factor

0.2145

kgCO2e/kWh

DEFRA

BioLPG Carbon
Intensity Factor

0.0487

kgCO2e/kWh

ADEME

Heating Oil Carbon
Intensity Factor

0.2683

kgCO2e/kWh

DEFRA

Biomass Carbon
Intensity Factor

0.0151

kgCO2e/kWh

DEFRA

B30k Carbon
Intensity Factor

0.220

kgCO2e/kWh

SAP 10.1

B70k Carbon
Intensity Factor*

0.1071

kgCO2e/kWh

Ecuity calculation

Air Source Heat Pump
Lifetime

18

Years

CCC

B100k Carbon
Intensity Factor**

0.018

kgCO2e/kWh

Ecuity calculation

Electric Storage Heater
Lifetime

15

Years

BEIS

Hybrid Lifetime

15

Years

CCC

Oil Condensing Boiler
Efficiency

0.89

COP

BEIS

Gas Condensing Boiler
Efficiency

0.92

COP

BEIS

* Future Cities Catapult, Housing Deep Retrofit Project

Biomass Boiler
Efficiency

0.70

COP

BEIS

** Ministry of Housing, Communities, and Local Government, Energy Performance of Buildings
Data: England and Wales

Electric storage heaters

1

COP

Assumption

Hybrid Electric
Proportion of Total
Load

80.00%

Element Energy

Hybrid LPG Proportion
of Total Load

20.00%

Element Energy
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