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1 EXECUTIVE SUMMARY
Regardless, of age, tenure, income, geography or political persuasion, the need for heat to keep homes and workplaces warm is a
universal experience in the Isle of Man. Households switching to renewable heating sources will have a key role in reducing carbon
emissions in the drive towards net-zero. However, the affordability and practicality of renewable heating options is a key issue to
consider given the wide range of potential pathways, and the need to develop one uniquely suited to the infrastructure, life, and
culture of the Isle of Man.
This report has been prepared for the Climate Change Transformation team within the Isle of Man Government, to inform their work
on heat decarbonisation for the following terms of reference:
Provide a recommendation for the best (mix of) renewable or carbon-neutral technologies to meet the island’s
domestic and non-domestic heating and hot water demand.
Provide a recommendation for transitioning from dependence on fossil fuel heating systems, to include private homes,
businesses, social housing, and government buildings.
Produce a set of achievable milestone targets for transitioning to carbon-neutral heating systems that allow the Isle of Man
Government to measure the success of its strategy.
Produce a pragmatic, evidenced and realistic plan to implement these recommendations.

1.1. DECARBONISATION SCENARIOS
We have developed three possible heat decarbonisation scenarios for the Isle of Man. These scenarios provide alternative options
for the decarbonisation of the building stock with different types and levels of low carbon heating sources deployed. All scenarios
reduce emissions from heating buildings by close to 100% by 2050, with one scenario achieving this objective by 2040. Each
scenario differs in its capital (upfront) and ongoing costs. Our scenarios have been prepared in line with the National Grid Future
Energy Scenarios framework - widely accepted as one of the leading approaches to modelling the future of energy:
System Transformation (ST): requiring the least societal change, but greater supply-side change
Consumer Transformation (CT): requiring greater societal change, but utilising existing decarbonisation technologies
Leading the Way (LTW): requiring greater societal and supply-side change and achieving far earlier decarbonisation
We summarise key information on the decarbonisation effect and costs of each scenario in Section 1.3.

1.2. HEADLINES – HEATING METHODS
Building Fabric Improvements:
Building fabric1 improvements are a core component of heat decarbonisation in each of our modelled scenarios, albeit
at different levels - determined by a payback period for each scenario.
We recommend a “fabric first”2 approach to heat decarbonisation. There are several benefits to this approach, such
as enabling decarbonisation benefits before low carbon heating system installation and facilitating lower-powered heat
sources, to replace higher-powered heat sources (which are often more carbon-intensive).

2

1

Building fabric being the components and materials that the building itself is made of, such as the walls, floors, roof, windows, and doors.

2

“Fabric first” meaning that the performance of the building fabric is improved before considering the use of mechanical or electrical
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Fossil Fuels for Heating:
Transitioning away from the use of natural gas, fossil fuel-derived heating oil, and LPG is necessary to decarbonise
heat.
In all scenarios, we consider that disincentivising the installation of new fossil fuel heating systems from 2025
contributes towards the pathway to net-zero, preventing the installation of fossil fuel heating systems that will not reach
the end of their lifetime.
A backstop date prohibiting the consumption of fossil fuels is also required; the scenarios would otherwise fail to
decarbonise due to gas and oil heating systems being used up to and beyond the net-zero target date of 2050.
This approach of disincentivising sales of fossil fuel heating systems and later prohibiting the use of the fuels targets the
natural replacement cycle of heating systems, encouraging a gradual transition and retrofit of boilers as they reach the end
of their lifetime. This approach should be well-communicated so consumers fully understand the benefits of this transition.

Hydrogen for Heating:
We have modelled various methods of producing, importing, storing, and distributing hydrogen as a heating fuel. Based on
this analysis, we project hydrogen for heating will be an expensive decarbonisation solution for the Isle of Man, and thus
it does not feature in our modelled scenarios. Further detail is provided in Section 3.5, however, the main reasons are as
follows:
Although hydrogen production using electrolysis (green hydrogen) has significant cost-down potential, current
estimates indicate this is unlikely to be economic by 2040. Steam Methane Reformation (blue hydrogen) is
currently more economic than green hydrogen but will always be more expensive than natural gas, which it uses
as a raw material, as it incurs further processing costs and requires carbon capture and storage.
Storage of hydrogen, which is required for domestic hydrogen production, is much more expensive than storage
of natural gas due to hydrogen’s lower density.
Current cost projections for UK hydrogen, assuming this could be imported via existing pipelines without incurring
additional costs, do not suggest an economic solution for the Isle of Man.
Infrastructure upgrades to the interconnector and gas distribution system may additionally be required.
These cost projections may change in future, for example, with unforeseen technological advances. However, there is no
current indication that this is likely to occur in the timeframe necessary for the Isle of Man to meet the decarbonisation
objective.
In the medium term, a blend of natural gas and hydrogen may become available via the interconnector, which would
contribute to decarbonisation (reducing emissions by 7% for a 20% hydrogen blend).

Fossil Fuels for Heating:
Biofuels (biomass, bio-oil & bioLPG) are economic methods of decarbonising heating provided that sufficient
sustainable sourced fuel can be produced or imported.
System Transformation sees significant numbers of biomass (wood pellet) boilers used – particularly in older,
hard-to-heat/insulate homes. A significant number of hybrid heat pumps (air/ground with bio-oil/bioLPG) would
also be installed. However, there are concerns about the availability of liquid biofuels for use in hybrid heat pumps,
the practicality of biofuel consumption in certain property archetypes (e.g., terraced houses), and the amount of
land required for biomass (or the effects of importation).
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Consumer Transformation avoids these risks and favours existing technologies (heat pumps and direct electric
heating along with more fabric efficiency measures).
Leading the Way sees more hybrid heat pumps installed but fewer biomass boilers.
A decision is needed regarding the Isle of Man’s appetite for using solid biomass for heating, considering the potential
impact on biomass for electricity generation and the consequences for land use3 – we broadly assume that importation is
discouraged owing to the reduced benefit for the Isle of Man’s decarbonisation. Further consideration is needed into the
availability of liquid biofuels and the inclination to import these fuels to the island.
Stakeholder engagement has identified concerns about the quality and reliability of solid biomass on the Isle of Man. A
fuel sourcing strategy may consider introducing an on-island pellet production facility in the short-term as a low-regrets
method of building confidence and creating a reliable source of high-quality biomass.

Electric Heating – Heat Pumps and Direct Electric:
Heat pumps (Air Source and Ground Source) provide an economic method of decarbonising heating, to varying degrees
in each of the scenarios – provided that electricity is decarbonised sufficiently to meet net-zero.
Consumer Transformation sees significant numbers of heat pumps and direct electric heating deployed, as the scenario
relies on existing consumer technologies to replace fossil fuel heating.
Fewer (pure) heat pumps are installed in System Transformation and Leading the Way although hybrid heat pumps are
installed in each of these scenarios.

District Heating:
Our economic modelling suggests that there is potential for District Heating to offer a low carbon heating alternative
for the Isle of Man and is present to varying degrees in each of the scenarios.
We recommend that a detailed “on-the ground” feasibility study be commissioned to identify any important barriers or
opportunities for district heating that are not visible from the currently available data.
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See Section 3.4.5 for consideration of the impact on land use.
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1.3. HEAT DECARBONISATION SCENARIOS
Table 1.3.1 provides a summary of the key financial impacts and carbon savings of each scenario (compared to maintaining the
current technology mix). The modelling forecast period is 2021-2050, and all financial figures in Table 1.3.1 are displayed in present
value terms (discounting of future costs/savings in line with Green Book standards).4 All scenarios deliver aggregate fuel bill, and
total cost savings when carbon emissions are monetised – whilst each pathway comes with an upfront capital cost to pay for the
technology transition.
The System Transformation scenario provides the greatest saving, but relies on higher consumption of solid biomass and biofuels
than the other 2 scenarios, with an associated sustainability and supply risk. A bespoke fuel sourcing strategy is recommended to
better assess these risks.
Consumer Transformation considers a situation where biofuel sourcing options fail to materialise, consumers take up energy
efficiency measures in increasing numbers, and the electrification of heat is the dominant low carbon heating solution.
Leading the Way is the most progressive scenario, with the greatest uptake of energy efficiency measures, and an earlier transition
to low-carbon heating solutions

TABLE 1.3.1: SUMMARY OF FINANCIAL & CARBON IMPACTS

SYSTEM
TRANSFORMATION

CONSUMER
TRANSFORMATION

LEADING THE WAY

Bill impact

£114m saving

£21m saving

£188m saving

Average Bill Impact per Household
per Year

£100 saving

£19 saving

£165 saving

Capex Impact

£135m cost

£48m cost

£327m cost

Average Capex Impact per
Household per Year

£119 cost

£42 cost

£287 cost

2050 Carbon Reduction vs 2021

99% reduction

100% reduction

99% reduction

Carbon Cost Impact5

£285m saving

£263m saving

£372m saving

Total Cost Impact

£264m saving

£236m saving

£232m saving

5

4

HMT (2020). Green Book.

5

See Section 4.2 for our methodology for valuing carbon emissions.
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1.3.1.

SYSTEM TRANSFORMATION (ST)

The System Transformation scenario sees the lowest level of societal change, but conversely, requires the greatest level of
supply-side change, resulting in the features outlined in Figure 1.3.1:

FIGURE 1.3.1: SYSTEM TRANSFORMATION SCENARIO SUMMARY

There is a significant dependency on biofuels, with no supply constraints assumed, although a 5% price premium is applied for
bio-oil and biomass and 20% for bioLPG. Biomass is mainly required to meet the heating needs of older properties. The volume
of biomass (and bio-oil and bioLPG) needed requires the import of biofuels, or for a significant volume of land to be made
available for domestic production.
Hybrid heat pumps in combination with bio-fuelled boilers are not yet available at scale, and therefore the risk is introduced
that the required heating solutions do not become available, or that they are not available in time for the transition.
Carbon savings in the System Transformation scenario reach 99% but require a number of gas (3,700) and oil (2,500) boilers
continuing to be removed in 2050.

6
6
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1.3.2. CONSUMER TRANSFORMATION (CT)
The Consumer Transformation scenario avoids the reliance on biofuels and the associated risks, but sees consumers embracing
higher levels of personal change - including existing low carbon heating technologies - resulting in the features outlined in Figure
1.3.2:

FIGURE 1.3.2: CONSUMER TRANSFORMATION SCENARIO SUMMARY

Carbon savings by 2050 in the Consumer Transformation scenario reach 100% - reliant on the decarbonisation of the electricity
grid and the 2050 end date for the use of fossil fuels in heating.
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1.3.3. LEADING THE WAY (LTW)
The Leading the Way scenario achieves far earlier decarbonisation than the other scenarios, achieving a 99% reduction by 2040, due
to the earlier phase-out of fossil fuel systems. This scenario sees the greatest variety of heating systems deployed, a rapid shift to
low carbon heating methods (and the associated increase in upfront costs), and the greatest need for policy and financial support
from government (and avoid the economic cliff edge associated with gas and oil heating system replacements). Features resulting
from this scenario are outlined in Figure 1.3.3:

FIGURE 1.3.3: LEADING THE WAY SCENARIO SUMMARY

Carbon savings in the Leading the Way scenario significantly as a result of transitioning away from the use of fossil fuels in heating
in the 2030s, as the gas grid becomes uneconomic and as a result of the backstop date of 2040 for heating oil.
A summary of the most cost-effective heating technologies for given house types in this scenario is provided in Figure 1.3.4 -based
on the lowest levelised cost system resulting from the analysis. For simplicity, only results for properties currently on non-oil
systems are shown here, and results are given for the most common house type or level of insulation, where applicable.
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The Leading the Way scenario achieves far earlier decarbonisation than the other scenarios, achieving a 99% reduction by 2040, due
to the earlier phase-out of fossil fuel systems. This scenario sees the greatest variety of heating systems deployed, a rapid shift to
low carbon heating methods (and the associated increase in upfront costs), and the greatest need for policy and financial support
from government (and avoid the economic cliff edge associated with gas and oil heating system replacements). Features resulting
from this scenario are outlined in Figure 1.3.3:

FIGURE 1.3.4: MOST COST-EFFECTIVE HEATING TECHNOLOGY RESULTS FOR GIVEN HOUSE
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Heat Pump

Hybrid Heat Pump

1.4. COMMERCIAL AND PUBLIC SECTOR BUILDINGS
Commercial and public sector buildings will need to follow a similar journey, with a combination of low temperature (electric heat
pumps), and high-temperature heating solutions (hybrid heat pumps and biofuel boilers) needed alongside district heating. Nondomestic buildings are relatively more varied in character and their use of energy than residential homes. Our analysis has utilised
Isle of Man business rate data to categorise non-domestic (commercial and public sector) buildings into one of three categories:
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TABLE 1.4.1: CATEGORISATION OF COMMERCIAL & PUBLIC SECTOR BUILDINGS BY DEMAND TYPE.

DEMAND TYPE

BUILDING USE-CASE TYPE

Type 1 demand: space heating demand more suitable for
heat pumps. Domestic hot water demand more suitable
for point-of-use or heat pumps.

Offices, multi-residential buildings, prisons, primary schools,
secondary schools, retail units, community centres, libraries,
museums, airport terminals, data centres and theatres.

Type 2 demand: space heating demand more suitable
for heat pumps. High domestic hot water demand, which
may be less suitable to be provided using point-of-use or
heat pumps, and more suitable for high-temp sources.

Hotels, hospitals, other health care buildings, restaurants.

Type 3 demand: space heating demand less suitable for
heat pumps. Domestic hot water demand more suitable
for point-of-use or heat pumps.

Retail warehouses, distribution warehouses, industrial
process buildings, sports halls.

Close to 55% of properties (roughly 2,000) adhere to the type 1 category and would be typically well-suited to an electric heat
pump solution. The remaining 45% - which include distribution warehouses, hotels, and sports halls - are likely better suited to a
hybrid or high temp heat pump, standalone biofuel, or district heating solution. Estimating the typical energy consumption of similar
non-domestic buildings using available English and Welsh (Display Energy Certificate) data, our analysis estimates that the upfront
cost for these buildings would be in the range of £200-£300 million gross, or £50,000 - £75,000 per property. In practice, many of
these properties will replace their heating systems in this timeframe as they meet the end of their technical lifetime and breakdown.
The net cost of a renewable heating system over a fossil fuel counterfactual will be lower than the estimated gross figures quoted
here.
Further data collection and analysis is needed to establish specific retrofit strategies for non-domestic properties and property
types.

1.5. SUMMARY OF KEY RECOMMENDATIONS
Determine the Preferred Transition Scenario (System, Consumer, Leading the Way)
Three scenarios have been developed for achieving low carbon heating for the Isle of Man. Each has varying impacts, with System
Transformation placing higher reliance on biofuels and limited dependence on consumers changing their behaviours; Consumer
Transformation having a greater uptake of insulation measures and higher use of electricity for heating and Leading the Way being
the most ambitious in terms of insulation measures, use of Heat Networks and significant numbers of hybrid heat pumps installed.
We recommend that the Isle of Man determines its preferred transition scenario, which then clarifies the need for further decisions,
targets, and plans to be put in place.

Confirm Role for Hydrogen
We conclude that hydrogen does not provide an economical heating solution for the Isle of Man, and thus does not feature in
any of our decarbonisation scenarios. Furthermore, a decision to rely on hydrogen would very likely introduce dependencies on
decisions to be made by the governments of the UK and Ireland and therefore add additional risk.

10
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Ruling out the use of hydrogen for heating has significant consequences, including:
Excluding the simplest drop-in solution for existing customers on the gas grid
Impacting existing electricity generation sources on the island
Introducing the risk of the existing gas system becoming economically obsolete before the transition of gas customers to
alternatives is complete.
We recommend that the Isle of Man reviews the use of hydrogen if there are significant technological breakthroughs that change
the economic viability for its usage.

Plan for Transitioning Away from Using Fossil Fuels
Each of our heat decarbonisation scenarios includes a modelling assumption that no new fossil fuel heating systems are installed
after 2025 – for either new build systems or replacements. This is considered reasonable given alternative heating methods will
be more established, the increasing cost of gas and oil will become more certain, the need to change can be clearly communicated,
and policies and funding mechanisms can be put in place.
Importantly, our analysis shows that total decarbonisation of heating is impossible without transitioning away from fossil fuel
heating - otherwise, a number of gas boilers (if the gas network continues into the long term) and oil boilers may continue to be
maintained and used up to, and beyond 2050.
For the majority of buildings, we believe that economic considerations will be sufficient in encouraging consumers away from gas
heating in the medium term, although bans may be appropriate for some segments, such as new builds (to avoid compounding
issues), private rented sectors (where there is a disconnect between the burden of upfront and ongoing costs), and potentially social
housing. Encouraging consumers to transition from oil heating may be more difficult, and there is a greater risk that these systems
remain operational past the target date for net-zero without policy interventions such as taxation or air quality requirements.
Such a transition could have significant consequences for consumers, particularly if it is implemented without sufficient notice, as
these systems could be economically stranded before the end of their technical lifetime.
We recommend that the Isle of Man actively manages the transition away from using fossil fuels for heating, and communicates
this as soon as reasonably possible to avoid stranding of assets. Further, we recommend that the Isle of Man reserves the right
to implement outright bans on the use of fossil fuels in the long term, with the need for such measures kept under review by the
programme that we recommend is established to ensure delivery.

Consider Long-Term Funding Requirements and Mechanisms
The transition to low carbon heating sources will have significant upfront costs. These could be expected to be funded from
the public purse, in combination with the private sector (e.g. investment in heat networks), or expected to be funded – at least
partially – by homeowners (such as for heat pumps). Our report provides a range of estimates for the cost of heat decarbonisation
technologies.
Consumers must understand and buy into the need for change, the costs involved (and in some cases, the long-term savings), and
the support mechanisms that will be in place. These funding mechanisms need to ensure social fairness.
Section 0 provides examples of incentives and taxation in place to promote low carbon heating across several European countries,
along with a Canadian example, where recycling funds from taxing high carbon into low carbon heating is seen as being particularly
fair.
We recommend that the Isle of Man considers the funding required to meet the objective of using renewable or carbon-neutral
technologies to meet the domestic and non-domestic heating and hot water demand, how to encourage private investment to
reduce the burden on public finances, how grants and loans can be tapered to stimulate the market and how to ensure social
fairness during the transition.

Establish a Fabric-First Approach to Decarbonisation
The Isle of Man has supported energy-saving measures and continues to do so with the Green Living Grant,6 which could
significantly lower emissions in around 1,200 properties, save nearly 100,000 tonnes of CO2 over the next 30 years, and went
live in October 2021.
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Isle of Man Government (2021). Green Living Grant.

Each of our scenarios considers a fabric-first approach to decarbonisation. Reasons for this
include immediate carbon savings, even before low-carbon heating is installed, and that
reducing the heating requirement enables lower-carbon heating sources to heat a greater
proportion of properties.
The least ambitious of our scenarios sees more than twice the number of properties benefiting
from building fabric improvements than are envisaged by the Green Living Grant. The Manx
Home Energy Audit / Energy Performance Certificates could form the basis of buildingspecific guidance, setting out appropriate measures for each building.
We recommend that the ambition for building fabric improvements be increased, that the
bulk of the measures are delivered by 2030 – or as a minimum, that homes requiring fabric
improvement receive this ahead of any heating upgrade. Planning and communications
should be ramped up to help achieve these targets.
Develop a Fuel Sourcing Strategy
As part of our analysis, we have developed three heat decarbonisation scenarios. Our System
Transformation and Leading the Way scenarios each see the installation of biofuel heating
systems as a replacement to fossil fuel systems, albeit in differing quantities fuel types.
The viability, and effectiveness, of these decarbonisation pathways is dependent on the
availability of fuels and whether they are indigenous or imported. Additionally, there can be
competing demands for these fuels, such as whether they are used for heating space and
water, transport, or electricity generation.
We recommend that the Isle of Man establishes a clear fuel sourcing strategy that considers
the fuel requirement of each scenario alongside land requirements (especially for biomass),
the technical and economic risks associated with dependency on biofuels, the demand from
other sectors, and the effects of relying on indigenous production or importation. A shortterm consideration may include creating a pellet production facility to improve confidence in
biomass quality and availability.
Commission a Detailed Technical Review of District Heating Zones
Our analysis has identified the potential for district heat to offer an economic, low carbon
heat solution, based on an understanding of the existing heat demand. This analysis should
be complemented with a technical assessment that can include practical factors such as the
ability to transport heat through a network. Furthermore, early consultation with residents in
these areas may be beneficial to understand factors that could influence uptake rates.
We recommend that a detailed technical analysis be undertaken on the feasibility of Heat
Networks for the Isle of Man, along with establishing a detailed understanding of planning,
legal, and consumer protection requirements. Furthermore, the viability of district heating
should be considered when consenting to new builds and estates.
Establish a Programme to Ensure Delivery
There are many moving parts to decarbonising heat on the island, and it is unlikely that the
objective will be met without careful oversight and stewardship. This could include ensuring
that key decisions are made at the appropriate time, communications are effective, buy-in is
achieved, schemes are deployed, supply chains are in place, etc.
We recommend that a delivery programme is established with responsibility for:
Maintaining a recommended mix of renewable or carbon-neutral technologies to
meet the island’s domestic and non-domestic heating and hot water demand.
Maintaining the transition pathway(s) from dependence on fossil fuel heating
systems, to include private homes, businesses, social housing, and government
buildings.
Developing a plan of achievable milestone targets for transitioning to carbonneutral heating systems that allow the Isle of Man Government to measure the
success of its strategy.
Monitoring and assuring progress against the plan.
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1.6. STRATEGIC PLAN
Figure 1.6.1 provides a visual overview of the key components and timelines or decisions and activities for decarbonisation.

FIGURE 1.6.1: STRATEGIC PLAN FOR HEAT DECARBONISATION ON THE ISLE OF MAN.
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2 THE CHALLENGE
The Intergovernmental Panel on Climate Change (IPCC) concluded in 2018 that to limit global warming to 1.5°C “Global
net human-caused emissions of carbon dioxide (CO2) would need to fall by about 45 percent from 2010 levels by
2030, reaching ‘net zero’ around 2050”7. The IPCC stressed the need to limit global warming to 1.5⁰C, by, for example,
drawing on the impact on sea levels and suggesting that by 2100, “global mean sea level rise is projected to be around
0.1 metres lower with global warming of 1.5°C compared to 2°C (medium confidence)”8. Restricting warming to 1.5°C
will lessen large scale damage to coastal ecosystems and livelihoods, as a slower rate of sea-level rise enables greater
opportunities for adaptation in the human and ecological systems of small islands, low-lying coastal areas, and deltas.
The Isle of Man Government issued its Climate Change Bill in 2020, setting a target year of 2050 to reach net-zero, or less9. Legislation
in this Bill requires an annual progress report that includes any changes to the plan and the extent to which biodiversity and
ecosystems have been affected. Alongside this annual report, a 5-yearly emissions report is to be conducted and reported to Tynwald.
The government is working towards intermediary climate targets specifically related to the electricity system:
75% of electricity generation to come from renewable or carbon-neutral technology by 2035.
Net-zero emissions by 2050.
The significant residential share of emissions shown in Figure 2.1 highlights the importance of decarbonising heat. Note that this
data excludes emissions from land use, land-use change and forestry (LULUCF).10

FIGURE 2.1: ISLE OF MAN GREENHOUSE GAS EMISSIONS BY SECTOR, 2019 11
IOM 2019 GHG INVENTORY (EXCL. LULUCF)

Energy Supply - 33%
Transport - 23%
Residential - 20%
Transport - 14%
Business - 7%
Water Management - 3%

7 LSE (2021). Why is ‘net-zero’ so important in the fight against climate change?
8 IPCC (2018). Summary for Policymakers of IPCC Special Report on Global Warming of 1.5°C approved by governments.
9 IOM (2020). Climate Change Bill 2020.
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10 United Nations Climate Change (2021). Land Use, Land-Use Change, and Forestry (LULUCF).
11 Isle of Man Cabinet Office (2021). Consultation on the outline and principles for the first statutory climate change plan 2022-2027.

THE CHALLENGE
Heating of the building stock is one of the greatest contributors to GHG emissions on the island. As Figure 2.1 shows, the residential
sector alone contributes the third-largest proportion of emissions on the Isle of Man, accounting for roughly 20% of the island’s total
annual emissions. As such, it is imperative for the Isle of Man to decarbonise buildings if they are to reach net-zero by 2050. With
roughly 20,000 gas heating customers, 20,000 oil heating customers and only 1,500 customers relying on electric heating, the task
of decarbonising heat will require significant government intervention.
The report will also consider the suitability of various insulation methods for the different building types. Regulations are in place
for minimum standards of insulation on new builds via the Isle of Man Building Regulations, which came into effect in 2014.
However, no such regulations are in place regarding the standard of insulation in existing buildings. It is widely understood that a
“fabric first”12 policy is the most time and cost-efficient method of reducing energy usage, and therefore emissions, of buildings13.
As such, these measures will likely be crucial to Isle of Man policymakers in the near future. As indicated in Figure 2.2, the energy
ratings of private sector housing on the Isle of Man are significantly lower than those in England. As the island considers the move
to electrifying the heating systems of buildings, the resultant increase in energy demand may be too great if energy efficiency
measures were not in place.

FIGURE 2.2: COMPARISON OF SAP BANDS BETWEEN THE ISLE OF MAN AND ENGLAND 14
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Therefore, decarbonising the building stock on the Isle of Man will involve two approaches – making buildings more energy-efficient,
through measures such as improved insulation and smart meters, and transitioning from fossil fuel to carbon-neutral forms of
heating. The decarbonisation of residential heating will likely increase the demand for electricity on the island.
An integral part of reaching net-zero is the decarbonisation of the power sector which is currently heavily reliant upon fossil fuels for
generation. For example, the gas-fired power station in Douglas accounts for 92% of electricity production on the Isle of Man 15. The
island is currently actively assessing ways to decarbonise their electricity supply, having commissioned Arup to develop a report
on the issue. Decarbonising electricity will be crucial in reaching net-zero, with electricity generation currently accounting for 33%
of the emissions on the Isle of Man16. Furthermore, low carbon electricity complements the decarbonisation of heat, as heat pumps
and electric heating operate on electricity.
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‘”Fabric first” meaning to consider fabric upgrades before other measures.
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Institute for Sustainability (2012). Retrofit Strategies.
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Isle of Man Government (2020). Private Sector House Condition Survey 2018/20 Report of Survey.
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Arup (2021). Isle of Man – Future Energy Scenarios Report.
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Isle of Man Government (2021). Isle of Man Future Energy Scenarios.
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The Isle of Man has already begun incentivising measures to decarbonise residential properties, examples of which include the
Energy Efficiency Scheme and the Green Living Grant Scheme. In this scheme, applicants can receive support up to the value of
£6,000 for the assessment and installation of suitable measures (up to 50% of the installation cost), which include insulation, double
glazing, draught-proofing, smart heating controls and low carbon heating systems. Further to this, the Isle of Man Government has
provided case studies for the Energy Efficiency Scheme17, extolling the benefits of installing heat pumps to properties. While these
measures are a good start, modelling suggests that more universal, societal changes will be necessary if the Isle of Man is to reach
its net-zero emissions target by 2050.
The age demographic in the Isle of Man also needs to be considered by policymakers. Data from the 2016 Isle of Man census is
given in Figure 2.3:

FIGURE 2.3: ISLE OF MAN POPULATION AGE DEMOGRAPHIC. 18
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Policy makers will need to consciously target their efforts of incentivising the uptake of low carbon heating solutions to appeal to
the specific age groups. Figure 2.3 shows that 19% of the population are aged 65 or above, meaning policy makers will need to be
particularly conscious of change affecting this group.
This report will analyse several pathways to decarbonise heat on the Isle of Man to reach net-zero by 2050. The report will
assess the best pathway for the island, with specific analysis looking towards a combination of low-carbon heating options, tailored
towards specific archetypes, allowing for the most cost-effective decarbonisation.

18

17
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2.1. RESIDENTIAL BUILDING STOCK OVERVIEW
2.1.1. DESCRIPTION OF CURRENT STATE OF BUILDING STOCK
The following section summarises the current building stock by tenure. Analysis of the Manx housing stock is essential as the
energy efficiency of dwellings differs by tenure, age, and type.
Based on values from the Isle of Man Private Sector Housing Stock Condition Survey19 and Affordable Housing Need Interim
Assessment20, Figure 2.1.1 shows that 86% of Manx dwellings are in the private sector with 65% and 19% of people living in
owner-occupied and private rented properties, respectively. Figure 2.1.2 uses data from the English Housing Survey21, indicating
that in England, owner-occupied dwellings have a similar mean SAP score to private rented properties, but both are generally less
energy-efficient than social housing. This pattern is assumed to be reflected on the Isle of Man. Even though owners often have
incentives to renovate due to direct benefits, the lack of information, advice, capital and preference for liquidity may hold them back.

FIGURE 2.1.1: ISLE OF MAN DOMESTIC BUILDING TENURE.
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Isle of Man Government (2020). Private Sector Housing Stock Condition Survey 2018/20.
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Isle of Man Government (2019). Affordable Housing Need Interim Assessment 2019 Update.

Owner occupied
65%

Ministry of Housing, Communities & Local Government (2020). 2019-20 English Housing Survey Headline Report Section 2: Figures and
Annex Tables.
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FIGURE 2.1.2: EPC BANDS BY TENURE IN ENGLAND, 2019.
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The lower energy efficiency of private rented properties compared to social housing in England reflects the issue that private
landlords tend to have little incentive to make long-term investments that would not benefit them, meaning tenants’ energy
efficiency improvement requests often get refused22. In England, private renters have the highest proportion of people in fuel
poverty due to fewer resources for energy efficiency improvements23.
As shown in Figure 2.1.1, 14% of the Manx population lives in social housing. This comprises 5,551 homes, owned by 11 providers24.
Douglas Borough Council lets most of the housing (40%), followed by the Department of Infrastructure (22%) and Ramsey (10%).
As noted, social housing is expected to be more energy-efficient than private rented or privately owned dwellings. In England, this
higher performance has been partly attributed to the lower mean age of the social housing stock allowing wider use of cavity wall
insulation, and a higher proportion of flats25.
Social landlords generally have more capital alongside greater incentives to make investments – due to longer let periods and
intrinsic alignment with socially beneficial outcomes. Furthermore, as local authorities and housing associations generally have
control over the whole estate, no coordination is needed between tenants, and maintenance can be carried out more easily and
regularly. Furthermore, their larger size allows for economies of scale in investment and upkeep. The average cost of running26 and
improving social housing to at least EPC Band C is less expensive than for homes in the private sector27, according to the English
Housing Survey.

2.1.1. HOUSING STOCK BY AGE
The Isle of Man Private Sector Housing Condition Survey 2018/2031 reveals the largest portion of the Isle of Man private dwelling
stock (40%) was built after 1981 (Figure 2.1.3). Despite this, it is noted that dwellings are highly heterogenous in terms of energy
efficiency and age group, as suggested by Figure 2.1.4.
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CCC (2019). UK housing: Fit for the future?

23

BEIS (2020). Annual Fuel Poverty Statistics in England, 2020 (2018 Data).
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Isle of Man Government (2019). Affordable Housing Need Interim Assessment 2019 Update.
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Parliament (2021). Energy Efficiency of Existing Homes.
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Ministry of Housing, Communities & Local Government (2020). English Housing Survey Energy efficiency, 2018-19.

Ministry of Housing, Communities & Local Government (2021). English Housing Survey, Energy Report, 2019-20 Chapter 3 Annex Tables:
AT_3_8: private rented (£7,646) and owner-occupied homes (£8,579).
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FIGURE 2.1.3: ISLE OF MAN PRIVATE HOUSING STOCK DATE OF CONSTRUCTION
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Figure 2.1.4 shows28 a clear negative relationship between energy efficiency and dwelling age. This could reflect efficient
technologies getting more affordable and building standards getting higher over time, making dwellings easier to renovate.

FIGURE 2.1.4: ISLE OF MAN PRIVATE HOUSING EPC RATINGS BY PROPERTY AGE.
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THE CHALLENGE
Figure 2.1.3 shows a high proportion of the Isle of Man housing stock - one in four - were built before 1919. These properties are
the least energy efficient in the stock (see Figure 2.1.4) as they tend to have very low-quality insulation.
As there is currently no available data on the age of the Manx social housing stock, we assume that the proportions of properties of
different age categories are identical to the social housing sector in England, as shown in Figure 2.1.5. This assumption is supported
by the similarity of the two building stocks in terms of tenure, as indicated in the next section.

FIGURE 2.1.5: AGE OF PROPERTY BY TENURE, ACCORDING TO THE ENGLISH HOUSING SURVEY 2019.
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Figure 2.1.5 indicates social housing in England has a lower mean age than private sector housing, with most dwellings being built
after 1965. A difference can be seen between the two types of social properties as dwellings owned by housing associations tend
to be newer than the ones let by local authorities.

2.1.3. PRIVATE PROPERTY TYPE
Based on figures from the Isle of Man Private Sector Housing Condition Survey 2018/20 report29, Figure 2.1.6 shows that most
private dwellings are houses (rather than flats or bungalows). It can be assumed that mid-terrace houses are the most energyefficient house type since they have less externally exposed wall area30. As expected, detached houses are the most expensive to
run, due to the greater heat loss area. Nonetheless, it may be easier to install heat pumps or carry out renovation in detached houses
as owners have access to the whole estate.
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Isle of Man Government (2020). Private Sector House Condition Survey 2018/20 Report of Survey.
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Ministry of Housing, Communities & Local Government (2020). English Housing Survey Energy efficiency, 2018-19.
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FIGURE 2.1.6: ISLE OF MAN PRIVATE DWELLINGS BY PROPERTY TYPE, 2018-2020.
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Without data on the Manx social housing stock, English social housing stock data has been used for comparison to the Manx
private housing stock. As shown in Figure 2.1.7, 20% of the Isle of Man private housing stock comprises flats - almost the same
as the proportion of social housing flats in England. In England, purpose-built flats are the most energy-efficient dwellings31 and
the average cost to improve them to at least EPC Band C is the lowest.32 However, some energy efficiency improvements, such as
installing a heat pump or replacing insulation, may be more difficult.

FIGURE 2.1.7: HOUSING STOCK BY TYPE AND TENURE.
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AT_3_12.
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According to the Isle of Man 2019 Affordable Housing Need update, the composition of the social housing stock is very similar to
the private dwelling stock.33 Considering the results in Figure 2.1.7, there may be slightly more houses, and fewer bungalows in
the social housing stock (compared to private).

2.1.4. NEW-BUILD HOUSES
The following section explores the trend of building completions and the size of the future dwelling stock. It is critical to include
the projection of new dwellings in the housing stock analysis as the future ratio of post-policy and pre-policy buildings helps to
determine the impact of a building standard regulation on carbon emissions.
The number of new buildings on the Isle of Man each year is generally low, between 200 and 300. Given there is not a major housing
investment in the future, the Isle of Man is estimated to have approximately 44, 30034 dwellings by 2050, as shown in Table 2.1.1.

TABLE 2.1.1: ESTIMATED PROJECTION OF ISLE OF MAN DWELLINGS.

YEAR

NUMBER OF
DWELLINGS

POST-2022
DWELLINGS

POST-2022
DWELL. (%)

PRE-2022
DWELL. (%)

2035

~ 40,405

3,368

8.3%

91.7%

2050

~ 44,291

7,254

16.4%

83.6%

It has previously been argued that 340-400 new properties are needed annually to keep up with the population change.35 However,
extrapolating from a 2005-2020 baseline period, it is estimated that approximately 260 new properties will be built each year
between 2022 and 2050 – see Figure 2.1.8 for the results. This rate of increase translates to a 13.7% increase in the number
of dwellings between 2016 and 2036 which is consistent with the expected population change of 7.9% to 21.3%36 (over the
equivalent 2016-2036 period), depending on net migration.
Introducing stricter energy efficiency standards is an effective way to reduce or even eliminate carbon emissions from the new-build
housing stock. It is estimated that by the year 2050, approximately 16% of dwellings will have been built post-2022. Despite this
only presenting a small minority of the total future housing stock, it is essential to invest in the modernisation of existing buildings
to make sufficient change and reach net-zero carbon emissions by 2050.

FIGURE 2.1.8: NEW ISLE OF MAN DWELLINGS SINCE 2004, PROJECTED TO 2050.
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Isle of Man Government (2019). Affordable Housing Need Interim Assessment 2019 Update.
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Using data from: Isle of Man Government (2017). 2016 Isle of Man Census Report: 35,763 households on night of census.

35

Isle of Man Government (2019). Affordable Housing Need Interim Assessment 2019 Update.

36

Isle of Man Government (2018). Meeting our Population Challenges.
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3 OVERVIEW OF RENEWABLE
HEATING OPTIONS
This section provides an overview of the renewable heating options available to the Isle of Man.

3.1. RESIDENTIAL BUILDING STOCK OVERVIEW
Investment in building fabric improvements aims to increase the thermal efficiency of domestic properties and reduce their annual
heat demand. Older, uninsulated properties on the Isle of Man contribute a disproportionate amount of the total heat demand. For
example, uninsulated, pre-1965 homes make up just 7.5% of the overall housing stock but account for over 20% of the island’s total
domestic heat demand. Targeting the most thermally inefficient properties with building fabric improvements therefore has great
potential to reduce the total heat demand of the island, which directly correlates to reducing the carbon footprint of heat.
These heat decarbonisation scenarios for the Isle of Man follows a “fabric first” approach – conducting these thermal efficiency
measures before the subsequent installation of low-carbon heating systems. An aim of completing all building fabric
improvements by the year 2030, or at least before heating upgrades are made, is recommended. There are four key reasons
which justify building fabric improvements preceding heating system replacement:
1. Unlike heating system replacement, which requires a gradual phase-out as the existing, high carbon heating systems
reach the end of their lifetime, building fabric improvements can be implemented with immediate effect – rapidly reducing
heat demand and carbon emissions on the island. This reduction in total heat demand then makes the task of converting the
remaining heat demand over to low-carbon sources more easily achievable.
2. Increasing the thermal efficiency of properties reduces their peak heat demand, meaning less powerful heating systems
are required to effectively heat the building. Lower power rated heating systems come at a lower upfront cost, making the
installation of new heating systems more affordable overall. Furthermore, the reduced heat demand will result in significant
energy bill savings for consumers, potentially increasing levels of disposable income.
3. Improved thermal efficiency also increases the number of properties which can host low-carbon heat pump technology
cost-effectively. Unlike traditional gas and oil boilers, which can generally operate regardless of the property’s thermal
efficiency, heat pump efficiency is highly connected to the thermal performance of the building it is heating. Thermally
inefficient properties are therefore limited to other low-carbon sources such as biomass and biofuels.
4. If the Isle of Man opts for a more biomass/biofuel focused route and wishes to grow the required bio-feedstocks
domestically, this would require a large acreage of arable land (see Section 3.4 for further details). Lower total heat demand
would therefore reduce the area of land required. Similarly, with electrification a key method of decarbonising heat, there
will be a resulting increase in electricity demand on the Isle of Man. Reducing heat demand through building fabric efficiency
measures will reduce excess electricity demand and help to minimise network upgrade costs.
This study has identified which building fabric improvement measures are achievable under three payback period scenarios - a 5,
10, and a 20-year payback period. The shorter payback periods inevitably focus on the most cost-effective upgrades, excluding
“expensive” measures such as double glazing. The 5, 10 and 20-year periods were carefully selected to sensibly parameterise how
many measures are included in each scenario. The total capital cost of all these renovation measures has been determined under
each payback period scenario along with the corresponding total heating energy demand reduction. Additionally, the number of
installers required to complete all installation measures within the three-year time frame (2022-2025) and eight-year time frame
(2022-2030) has been derived.

3.1.1. TECHNOLOGY OVERVIEW
The heat demand of a building can be minimised by either directly reducing the transmission of thermal energy via measures such
as loft insulation, or by draft proofing the property through measures such as the installation of a PVC door. This analysis has
considered four building fabric improvement options, each with different insulative characteristics, which are described in Table
3.1.1. A broader range of insulation options clearly exist beyond the four included here, however, the ones chosen comprise the
most widely installed measures across the UK and are aligned with the selection presented in ECO1 and ECO237 - a UK-based
energy efficiency scheme. Cavity wall insulation, despite being a highly cost-effective measure, has unfortunately been excluded
from the analysis due to issues of damp resulting from “wind-driven rain” on the island (discussed in greater detail in Section 3.1.2).

26

37

BEIS (2021). Household Energy Efficiency Statistics Table 2.6.

OVERVIEW OF RENEWABLE HEATING OPTIONS
TABLE 3.1.1: SUMMARY INFORMATION: BUILDING FABRIC IMPROVEMENT MEASURES
CONSIDERED IN THE STUDY.

BUILDING FABRIC
IMPROVEMENT

Loft Insulation

THERMAL
EFFICIENCY
IMPROVEMENT39

Significant reduction
in the transmission of
thermal energy.

COST

Cheap

INSTALLATION TIME

Fast

ADDITIONAL
COMMENTS
The most costeffective of the four
renovation options
with no significant
limitations.
All properties with
uninsulated roofs
should be a priority.
Provides significant
reductions in heat
demand but is very
expensive and takes a
long time to install.

Solid Wall Insulation

Significant reduction
in the transmission of
thermal energy.

Expensive

Very Long

Number of installers
could be a limiting
factor for extensive
deployment of this
technology.
Changes in building
aesthetic from
external wall
insulation could be
another limitation

Double Glazing

PVC Door
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38

Moderate reduction
in the transmission
of thermal energy as
well as reducing air
infiltration coefficient
(draft proving).

Minor reduction in
the transmission of
thermal energy and
moderate reduction
in air infiltration
coefficient (draft
proving).

TABULA (2021). TABULA WebTool.

Expensive

Long

With less significant
reductions in heat
demand and at a high
cost, double glazing
is a less cost-effective
technology.
Reduction in noise
pollution is often the
primary motivation
for investment in this
measure.

Cheap

Fast

Installation results in
minor energy savings
but is cheap and quick
to install.
Security and
property aesthetics
are other potential
considerations.

OVERVIEW OF RENEWABLE HEATING OPTIONS
Building Fabric Improvement Model Description
Our analysis utilises techno-economic modelling to establish whether a consumer will invest in energy efficiency upgrades. This
approach is consistent with reviews developed by the Committee on Climate Change39 and other leading analysts. Here, we model
consumer decisions based on the cost effectiveness of different energy efficiency options, and capture a range of willingness to take
up measures by testing for a range of payback period thresholds – with consumers willing to install energy efficiency if the payback
period of their investment is lower than the decision threshold (5-20 years).
The building fabric improvements, quantified under the three payback period scenarios, have been determined using a tailor-made
archetype model. 24 distinct archetypes are included in the model, each of which are separated into three renovation states, (no
renovations, some renovations, and major renovations) for a total of 72 archetypes (detailed further in Table A.1.1). Each of the 72
archetypes has an assigned percentage corresponding to the proportion of domestic properties it represents, totalling 100%. For
each archetype, every possible combination of the four building fabric technologies in Table 3.1.1 has been determined and assigned
a cost, an annual energy saving and a resultant payback period. The model chooses the most ambitious renovation combination,
parameterised by a short (5 year), central (10) and longer (20-year) payback periods, for each archetype. It then sums up the
individual cost and energy savings for all 72 archetypes, whilst weighting for the archetype’s proportion, to determine the net total
energy saving and cost for each payback period scenario.
The model has been calibrated for the climate of the Isle of Man, with higher mean external temperatures than the UK average
(during the heating season) and greater average wind speeds (something which favours draft proofing measures).

3.1.2. MARKET OVERVIEW & TECHNOLOGY READINESS
Wall Insulation
Cavity wall insulation, despite being in general a cost-effective thermal efficiency option, is not a viable option for the Isle of Man
due to the high levels of wind-driven rain near the coast, which can lead to issues of damp over time.40 This wind-driven rain is
usually considered to be too severe within 15km from the coastline for cavity wall insulation to be a feasible option. Given all points
on the island are within this range, cavity wall insulation has been excluded from this analysis. Technologies exist which attempt to
resolve the issue of wind-driven rain such as “Stormdry”, a waterproofing masonry cream that could help to reduce the penetration
of rainwater into the cavity of the wall.41 This technology has not been incorporated into this analysis, with the use case and benefits
not yet being proven for the Isle of Man climate. However, it is nevertheless a noteworthy technology, with the potential to minimise
the risk of implementing cost-effective cavity wall insulation as a building fabric improvement on the island.
Despite this, all properties with cavity walls are still eligible for solid wall insulation, which avoids the issue of wind-driven rain.
This is less cost-effective than cavity wall insulation and therefore limits the overall cost-effectiveness of renovating properties.
However, as this insulation measure has yet to reach maturity, there is significant cost down potential with large scale deployment.
Similarly, if a specialist group of solid wall insulation installers are implementing this measure over the short three-year time frame,
there is potential to reduce the installation time, minimising the total number of installers.
An additional concern of external wall insulation is the aesthetic impact it has on a property - particularly for period properties. The
consideration of consistent aesthetics on a single street could restrict the use of external wall insulation for some households. In
these cases, internal solid wall insulation may provide a suitable alternative, providing similar energy savings at a similar cost. The
drawbacks of internal solid wall insulation include a more disruptive installation process as well as the increase in wall thickness
intruding on a property’s floor area – which can be particularly problematic for smaller properties.

Double Glazing
Double glazing measures can also be similarly restricted by aesthetic constraints. Many period properties with sash windows will
not be eligible for standard uPVC double glazing and will require more expensive forms of double glazing. These will be less costeffective and may therefore result in a re-ordering in the priority of insulation measures.

New Build Properties
Section 2.1.4 provides data on the predicted number of new households with an estimated increase of 7,254 new dwellings between
2022 and 2050. This indicates that 84% of properties inhabited in 2050 have already been built. This justifies the importance of
improving the building fabric improvement of existing properties.
Nevertheless, the consideration of building standards, dictating the fabric efficiency of future homes, remains important. The Climate
Change Committee published a comprehensive report in partnership with AECOM on “The costs and benefits of tighter standards
for new buildings” in 2019, detailing recommendations on new build standards.42 In summary, investing in building new homes with
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extremely high levels of thermal efficiency is financially justified through not only lower fuel costs, but also reduced heating system
install cost, via minimised peak heat demands. Furthermore, the installation of low-capital-cost “direct heating” over expensive
ASHP systems, can be better justified as the total heat demand lowers.

3.1.3. INVESTMENT REQUIRED & ENVIRONMENTAL IMPACT
The costs, energy-saving and environmental impacts under each of the three payback periods are summarised in Table 3.1.2:

TABLE 3.1.2: NUMBER OF INSTALLERS UNDER THE THREE PAYBACK PERIODS

PAYBACK PEROD

Number of Measures

5 YEAR

10 YEAR

20 YEAR

Loft Insulation: 2,462

Loft Insulation: 2,756

Loft Insulation: 3,543

Solid Wall Insulation: 38

Solid Wall Insulation: 3,314

Solid Wall Insulation: 3,600

Double Glazing: 0

Double Glazing: 2,462

Double Glazing: 6,978

PVC Door: 2,462

PVC Door: 2,462

PVC Door: 9,827

3,689

14,634

2,669

Number of Households
Undergoing Renovation

(7.5% of domestic properties)

(10.3% of domestic
properties)

(40.9% of domestic
properties)

Total CapEx of Measures

£10.7 million

£59.8 million

£116.2 million

1879 36 GWh / year

91 GWh / year

130 GWh / year

8% reduction

19% reduction

27% reduction

3.36 GWh / £1 million

1.52 GWh / £1 million

1.12 GWh / £1 million

4-6 Installers for 2025
completion

79-133 Installers for 2025
completion

127-212 Installers for 2025
completion

2-3 Installers for 2030
completion

30-50 Installers for 2030
completion

48-80 Installers for 2030
completion

Net Energy Reductions
Energy Saved per Unit Cost

Carbon Reduction43

Installers Required

The longer payback period scenarios allow for the inclusion of less cost-effective building fabric improvements. These additional
measures add to the total capital cost, but lead to greater energy reductions, helping to further minimise the carbon footprint of
domestic heat on the island. The 10 and 20-year payback period scenarios are intrinsically less cost-effective than the 5-year
payback scenario – this is reflected in the “Energy Saved per Unit Cost” row in Table 3.1.2. However, this does not necessarily
indicate that the 10 and 20-year payback periods are inferior decarbonisation pathways compared to the 5-year scenario. Whilst
the 5-year payback scenario results in the greatest energy reduction per unit cost, and pays back in the shortest amount of time,
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Calculated by weighting energy demand before and after by the current proportion of fuel use on the IoM.

the 10 and 20-year payback time scales are still ultimately reasonable rates of recovery. Rather
than comparing the relative cost-effectiveness between the three payback scenarios, each scenario
should be compared independently against the alternative, subsequent decarbonisation strategies,
such as implementing heat networks and heating system replacement. This has been accounted
for in the modelling of this study with the outputs of this stage of the analysis feeding into the
inputs of the later stages. Therefore, the final recommendations in this paper consider which of the
three payback period scenarios is the most cost-effective investment when considering not only the
building fabric improvement phase, but rather the “big picture” of the entire heat decarbonisation
strategy as a whole. This is explained in further detail in Section 3.1.4. Figure 3.1.1 graphically
displays the different energy savings across the three payback scenarios alongside the total capital
cost of implementing all the associated measures. This total capital cost could be paid for by the
household, by the Isle of Man government, or most likely a combination of the two. Generally, a 7-year
payback is considered necessary before a household will invest in a building fabric improvement.
Therefore, installation options such as loft insulation should not require large government subsidies,
whilst building fabric improvements such as solid wall insulation and double glazing may require
more government support for high levels of uptake. The “Green Living Grant”, currently planned for
the Isle of Man, covers up to 50% of building fabric improvements up to a maximum payment of
£6,000.44 The level of ambition of this grant scheme will be determined by the number of properties
that choose to utilise the full potential of the £6,000 grant.

FIGURE 3.1.1: ENERGY DEMAND REDUCTION OF BUILDING FABRIC
IMPROVEMENTS UNDER THE THREE PAYBACK PERIOD SCENARIOS.
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3.1.4. KEY CONSEQUENCES
Installer Requirements
The higher 10 and 20-year payback period scenarios include a far greater number of less costeffective double glazing and solid wall insulation options, compared with the 5-year payback
period scenario. As well as being less cost-effective, they also have much longer installation times.
This results in these longer payback period scenarios demanding a much larger installer base
to complete the required number of renovations between 2022 and 2025 (requiring as many as
212 installers) or extending the installations out to 2030 (requiring as many as 80 installers) to
complete all of the 20-year payback period renovations, as can be seen in Figure 3.1.2:
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FIGURE 3.1.2: BUILDING FABRIC INSTALLATION TIME AND A RESULTING LOW AND
HIGH ESTIMATE OF THE REQUIRED NUMBER OF INSTALLERS.

NUMBER OF INSTALLER REQUIRED UNDER THE THREE PAYBACK

RENOVATION MEASURE

AVERAGE
INSTALLATION
TIME (HOURS)

Loft insulation (low)

2

Loft insulation (high)

4

Solid wall insulation
(low)

48

Solid wall insulation
(high)

80

Jobs required for measures

Double Glazing (low)

24

10 year PBP)

Double Glazing (high)

40

PVC Door (low)

2

PVC Door (high)

3

Job estimate (low)

Jobs required for measures

Job estimate (high)

(5 year PBP)

Jobs required for measures
(20 year PBP)
-

50

100

150

200

250

Assuming the current installer base is not large enough to implement all building fabric improvement measures, one or more of the
following actions can be taken:
1. Short Term: Attract building companies to the Isle of Man, resulting in an increased workforce. This can be done by
presenting this phase of implementing renovation measures as a large contract deal. This could also help to minimise cost
and labour time – particularly for double glazing and solid wall insulation measures.
2. Medium Term: Introduce a training programme to upskill the current workforce in the building and manufacturing sector,
qualifying them to install the relevant building fabric improvements.
3. Delay: Focus on the quick to install measures (loft insulation and PVC door) in the short term, and extend the fabric first
deadline for the longer to install solid wall insulation and double glazing measures beyond the 2030 target date.

The Impact of the Fabric First Approach
The following areas of analysis consider the heat demand of properties on the Isle of Man after the building fabric improvement
measures have been undertaken. Critically, this stage of the analysis changes two archetype features – the annual heat demand
and the heat transfer coefficient of the properties. These archetype characteristics are key in determining the choice of low-carbon
heating system. In short, the more ambitious fabric improvement scenarios favour heat pump technology, where efficiency is highly
related to a property’s thermal efficiency, whilst the less ambitious scenarios result in a greater number of biofuel and biomass
heating systems being recommended.

3.1.5. RECOMMENDATION
To summarise, we propose the following recommendations:
BF1: Fabric first approach
Our first recommendation is that the Isle of Man follows a fabric first approach – installing fabric efficiency measures
before investing in renewable heating systems. Our analysis has shown that many of these upgrades are already costeffective, and also lower the total cost of heat decarbonisation – particularly improving the operating efficiency of electric
heat pumps and lowering the required system size and upfront cost. To align with this principle, our modelling assumes
that the majority of these measures are installed before much of the technology transition from fossil fuel boilers to heat
pumps and other low carbon technologies.
* A full list of possible measures is provided in the methodology section of the appendix.
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BF2: Support deployment of measures with a long payback period
Further to this, our analysis has shown that measures with a high upfront cost and longer payback period should be
installed. Whilst many consumers are either unaware of the fuel bill savings which can be accessed by installing solid
wall insulation (for example), or unwilling to pay the upfront cost for deferred cost savings in the future, at a macro
level the installation of such measures is cost-effective throughout the heating transition. There is consequently a role for
Government in changing incentives to improve the uptake of these measures.
BF3: Support the development of required installer base and skills
Finally, we recommend that the Government reviews the number of installers and the existence of skills gaps. Whilst
consumer incentives – such as the Green Living Grant – can boost demand for fabric efficiency measures, it is practically
important that there is a supply chain and installer base ready to react to an uptick in interest.

3.2. ELECTRIC HEATING - HEAT PUMPS AND DIRECT ELECTRIC
Heat pumps are widely regarded as a key technology for the decarbonisation of heating across all countries. Powered by electricity,
heat pumps utilise a highly efficient process to harness thermal energy from their surroundings, and provide heat into a building.
The combination of high efficiency and the expected decarbonisation of the island’s electricity supply would mean significant carbon
savings - that will only continue to grow as the proportion of renewables increases. Heat pumps are also a relatively mature
technology, meaning they can be immediately deployed, and begin lowering emissions.
The IEA estimates that around 5% of heating demand is currently met by heat pumps globally and by 2030 this share is required
to triple.45 In the UK, the Climate Change Committee expects that heat pump deployment will need to increase from around 35,000
units per year currently to over 1 million per year by 2030, with 19 million installed by 2050 to meet net-zero by this date. Following
on from the anticipated progress made in decarbonising the supply of electricity on the island, our heat decarbonisation scenarios
show a significant role for electrical heating solutions – such as heat pumps and panel heaters.
Outside of the box itself, a heat pump needs two things, a source of heat and somewhere to put it, known as a sink. Typical heat
sources include the air, ground, wells, lakes, rivers, old mineshafts, data centres or any cooling rejection. This heat is then transferred
into the sink, which typically includes air (blown warm air), radiators, underfloor heating, fan assisted radiators or a hot water
cylinder. By harnessing the thermal energy from the heat source, a heat pump can use 1kW of electricity to extract around an
additional 2kW from the heat source to provide around 3kW of delivered heat energy into the home. By converting the 1kW of input
electricity into 3kW of useful energy, this process would be 300% efficient or have what is known as a Coefficient of Performance
(CoP) of 3.
This is a very high CoP compared to other heating methods. Direct electric panel heaters have a CoP of 1, converting 1kW of
electricity into 1kW of delivered heat, whereas gas boilers have a CoP of around 0.9. This means that the fuel bill of a heat pump
is around a third of that from the direct electric panel heaters. It also means that the electricity requirement from the grid for heat
pumps is also a third of that for direct electric panel heaters, significantly lowering the need for additional investment in the grid if
either of these heating methods were to be widely deployed.
However, there are some wider considerations which need to be made for the installation of heat pumps. Compared to more
traditional heating systems, such as gas boilers, heat pumps operate at lower flow temperatures when heating through a wet
central heating system, like radiators. While this lower flow temperature leads to far higher levels of efficiency, to reach the same
heat demand of a home, it can mean that the heat emitters/radiators need to be upgraded so that they are larger. In addition, heat
pumps require the installation of a hot water cylinder and commonly need outdoor space to site the unit itself. This can mean that
heat pumps are only suitable for homes where there is space to install all of these.
Additionally there is some misinformation that heat pumps – particularly air-water source models – are noisy to operate, and their
installation might be unsuitable or undesirable in certain locations. Driven by product standards (e.g. MCS 020 in the UK), consumer
demand, and gradual technological improvement, contemporary models operate at sounds levels that are lower than a typical room
conversation (~60 dB(A)).46 Ground-source heat pumps are typically even quieter than air-source models. Specific to the Isle of Man,
heat pumps also need additional considerations for deployment in coastal areas. This includes measures taken to prevent corrosion,
such as corrosion-proofing on fan tips for air-source heat pumps. Most manufacturers have commercially available solutions which
are relatively inexpensive to install.47 The use of salt-protection treatments for outdoor HVAC units could be encouraged or required
under Isle of Man building regulations.
Direct electric panel heaters can provide an alternative that avoids the disruption and upfront cost of heat pumps. They are already
widely deployed, particularly in flats and can offer a solution for low carbon heating where heat pumps are not technically possible,
due to space constraints or where the heat demand is exceptionally low. If direct electric heating was to be widely deployed
under an electrification scenario, then it would considerably increase the need for electricity generation, due to their relatively low
efficiency compared to heat pumps. In addition, owing to substantially higher running costs, direct electric typically has a higher
levelised cost for consumers than heat pumps.
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3.2.1. TECHNOLOGY OVERVIEW
Air-source heat pumps (ASHPs) are currently the most commonly deployed
heat pump technology. They use an outdoor fan unit to extract the thermal
energy from the air (even in sub-zero temperatures) to provide heat to the
home, normally through a radiator or underfloor heating emitter system. The
installation of this fan unit is comparatively less disruptive and expensive than
other standalone heat pump technologies.
Ground-source heat pumps (GSHPs) require additional preparatory work for
the system to be installed. Rather than extracting the thermal energy from the
air, GSHPs extract this energy from the ground instead. This is normally via a
borehole or ground array, both of which require additional time, expense, and
outdoor space (such as a large garden). The higher and more stable ground
temperatures compared to the air in the winter mean that GSHPs typically
have higher efficiencies than ASHPs. This can make them more affordable on
a lifetime basis where this space is available, if the fuel bills savings are large
enough to counter the additional investment required.
Hybrid heat pumps are an additional heat pump technology that combines an
ASHP with a secondary heating system. The secondary system, typically a boiler,
can provide backup heating to the heat pump during peak loads. This can mean
that radiator upgrades can be avoided, and, when using a combination boiler,
there is no need for a hot water cylinder. This therefore provides a potentially
more suitable option for homes with space constraints. By pairing the heat pump
with biofuel for the boiler, this system can align with net-zero ambitions. In our
scenarios, hybrid heat pumps are considered with bioLPG, hydrogen and bio-oil
as fuels for the backup boiler.
Direct electric panel heaters are already widely deployed, providing resistive
heating. They are typically installed in flats, where the heating demand is low,
and space is tight. The efficiency of direct electric heating is far lower than heat
pumps and combined with the high price of electricity, ultimately means higher
fuel bills.

3.2.2. MARKET OVERVIEW & TECHNOLOGY
READINESS
Heat pumps are a mature technology (TRL 9),48 commercially available, and
need only evolutionary improvement to stay competitive. Across Europe, the
heat pump stock totalled 14.9 million units by 2020.49 They have now been used
in some countries, such as Sweden, since the 1970s. Since then, the technology
has continued to improve, but is not competitive in all markets. Although the
solution is commercially available, further evolution is needed in some markets to
make it cost-competitive versus more traditional heating technologies. This may
come through policy encouragement, rather than technological improvement to
further incentivise heat pump uptake, due to its relative maturity.
Although deployed in small amounts on the Isle of Man already, the market
will need to grow considerably to reach net-zero under all of our scenarios
considered. Data obtained from the Isle of Man Government suggests that from
a running cost perspective heat pumps should typically operate at a lower cost
compared to natural gas boilers at fuel prices of 14.45 p/kWh for electricity vs
8.2 p/kWh for natural gas, given the heat pump CoP of around 3 and natural
gas boiler of around 0.9, this would see the cost per useful heat (kWh) of 4.47
p/kWh for the heat pump and 9.11 p/kWh for the natural gas boiler. This also
means that the running costs of heat pumps should be slightly cheaper than oil
boilers at 5.93 p/kWh of useful heat. It would mean though that direct electric
heating would cost just under double that of natural gas heating and nearly
triple that of oil heating per useful kWh of heat.
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However, heat pumps currently have significantly higher upfront costs than traditional heating systems (see Section 3.2.4), a hurdle
that for most is too high to overcome, even with lower running costs. However, there is the potential for cost-down to be achieved
as the heat pump market grows. The CCC estimate that for the UK market, between now and 2030, upfront costs will fall by 20%.
The heat pump market also faces some supply chain challenges to meet the likely growth on the island. Heat pump manufacturers
generally consist of large, multi-national companies that supply millions of air-conditioning units globally every year. It is therefore
expected that the increase in the supply of heat pumps to the Isle of Man would be able to be comfortably met.
There may be more of a challenge regarding the supply of labour required to install heat pumps. While the fundamentals of heating
system installation remain the same between system types, heat pump installations typically need far more accurate configuration.
This includes practices such as heat loss calculations, hydraulic balancing of heat emitters, and heat emitter upgrades, that, although
arguably should be carried out for boilers, are not commonly done so.50 This is in addition to heat pump specific considerations, such
as the siting of outdoor units. As a result, current heating installers will be required to undergo training to be able to competently
design and install heat pump systems and this will ultimately be essential to deploying the technology at the scale needed. Direct
electric heating is already widely deployed, and the skill set to deploy this technology is in place.

3.2.3. ENVIRONMENTAL IMPACT
FIGURE 3.2.1: HEAT PUMP EMISSIONS BASED ON ISLE OF MAN EMISSION FACTORS.

As can be seen, heat pumps already save considerable amounts of carbon compared to the current heating systems predominantly
used on the Isle of Man. An ASHP currently reduces emissions by around 20% versus natural gas, and 41% versus oil. With the
improved efficiency of GSHPs, this increases to around 33% and 50% respectively. In addition, this carbon saving is expected to
increase dramatically over time as the electricity grid on the island decarbonises. By 2040 both ASHPs and GSHPs are expected to
save around 98% in terms of emissions vs natural gas and oil, assuming the electricity supply is nearly fully decarbonised by 2040.
For direct electric, a similar proportional decrease is seen by 2040, with savings of 96% and 95% against oil and natural gas
respectively. However, because direct electric systems do not have the same efficiency advantage as heat pump systems and given
the current carbon intensity of electricity production on the island, installing direct electric systems now would actually be expected
to increase emissions by 30% compared to oil and 74% compared to natural gas. It is important to keep in mind the decarbonisation
potential of direct electric over the longer term, rather than as a solution that would immediately reduce the island’s emissions.
In short, heat pumps provide immediate and sustained emission and running cost savings over direct electric heaters, which remain
a carbon-intensive solution until the electricity grid on the Isle of Man is decarbonised in the 2030s/2040s.
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3.2.4. INVESTMENT REQUIRED
As mentioned, the upfront investment required for heat pumps is typically considerably higher than boilers. The price of heat pumps
correlate strongly with the capacity (kW) of the system, far more so than boilers. The investment cost can therefore be managed
through careful sizing of systems, and reducing the heat demand of a home through fabric efficiency improvements, so that a
smaller system can be installed. As an indication of this, an ASHP price will vary from around £5,770 for a very small 3kW system
up to around £18,270 for a 20kW system.51 GSHPs also require further upfront investment, due to the need for groundwork to be
done. This means that prices range from around £7,380 for a 4-kW system up to £29,580 for a 20-kW system.
In addition to this financial cost, heat pumps can also require significant time and effort to be invested by a household for the
installation to take place. Due to the relatively nascent market, the onus is often on consumers to search out heat pump installers,
who are then in turn required to visit the property, give advice, and carry out the required calculations to determine heat pump sizing.
When the radiators need to be replaced, this also creates considerable disruption to the consumer and additional time without
heating.
While direct electric heating has higher running costs than heat pumps, the upfront investment required, and disruption caused is
far lower. It is a very easy technology to install and can be done quickly by a single electrician. A panel heater costs around £200,
meaning a typical 3-bed house could be fitted out for around £1,400.

3.2.5. KEY CONSEQUENCES
A requirement for the electrification of heating is an increase in the total supply of, and in particular, low carbon electricity. With
the increased demand from the deployment of heat pumps and direct electric to reduce emissions the electricity supply will need
to grow. This can be mitigated by the deployment of fabric efficiency improvements, which not only reduce the overall demand,
but also increase the performance of heat pumps, creating a reduction in demand for electricity greater than the sum of the parts.
However, the increased upfront cost of heat pumps will also be a key consideration, the level of investment required is simply
unaffordable to most - even with fuel bill savings - and therefore presents a hurdle that must be overcome.
Furthermore, the behavioural change associated with the deployment of heat pumps and lowering flow temperatures will require
some degree of consumer education. Raising awareness about heat pumps, their benefits in terms of potential fuel bill and carbon
savings, will be important to communicate to bring residents of the Isle of Man onboard. Finally, scaling up the number of heat pump
system designers and installers will also be needed to grow the heat pump market. Here, a skills gap analysis will be required to
understand the current skill level on the island and the courses that need to be undertaken to upskill the current heating installer
base to be able to deploy heat pumps.

3.2.6. RECOMMENDATION
HP1: Upfront Grant Support
Providing households with upfront support will be key to the deployment of heat pumps.
HP2: Skills Gap Analysis and Support for Installers
An understanding of the skills base should be developed on the island via a comprehensive study, highlighting the skills
needed for the growth of the heat pump market. Alongside this, funding should look to encourage people to undertake
relevant training, due to the pace of change that is likely needed.
HP3: Awareness Campaign and Trusted Advice
The Isle of Man Government should look to inform the public of the benefits of heat pumps through an awareness campaign.
Due to the often-large amount of time that consumers must spend researching heat pump solutions, the provision of
information (via a trusted advice service) would help to overcome this.
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3.3. DISTRICT AND COMMUNAL HEATING
Also known as heat networks, district and communal heating is a method of delivering heat to multiple buildings from a centralised
point of generation. As of 2018, less than 6% of heat demand worldwide was supplied via district heating.52 These networks may
vary anywhere from two buildings sharing a heating system (known as a communal heat network), all the way up to larger, mileswide networks, (often referred to as district heating). This results in a system benefitting from simple economies of scale – in some
cases delivering savings of up to 30% on annual costs.53 The positives are further compounded by the use of demand aggregation
– cooling and heating needs can work in tandem to reduce waste and improve efficiency. Furthermore, the separation of generation
and consumption means that system changes can be made without huge amounts of upheaval or replacement.54
All of this ultimately points to a technology that could become incredibly valuable in meeting the net-zero targets of the island. Heat
networks could be implemented in some of the more densely populated areas of the island, and go on to deliver low-carbon heat,
at prices that are more competitive with traditional fossil fuels. The obvious caveat here is that these heat networks would need
to be built, work that can be (initially) disruptive and expensive. The counter-argument is that the longer the island waits to build
these networks, the longer before their huge economic and environmental benefits are realised. The preliminary analysis contained
in this report strongly points towards the potential for widespread heat network usage across the island, meriting further research.

3.3.1. TECHNOLOGY OVERVIEW
Financial viability for heat networks is directly related to heat demand density. The Scottish Government work to a threshold
figure of 40 kWh/m2/year.55 Whilst Element Energy consider heat networks with a density as low as 19 kWh/m2/year,56 we have
restricted heat network viability to the Scottish Government figure, to ensure that any potential networks can compete financially
with alternative offerings. If serviced by the private market, some energy service providers require at least 500 dwellings to sign up
to any potential scheme. We make no such delineation in our analysis, believing instead that the overall demand and subsequent
density is most important. Furthermore, whilst many other factors can affect the viability of potential heat networks “…there is
general consensus that density equals efficiency”.57
A heat network is at heart a relatively simple technology, generating heat in a centralised location, and delivering it to connected
households. District heat technology has advanced significantly - they can operate at much lower temperatures, and deliver heat via
low carbon sources, such as heat pumps or lower-grade waste heat. Alongside the traditional fuel types used in heat networks, we
believe that alternative renewable sources can be utilised on the island:58
Water Source Heat Pump: WSHP’s work by drawing energy from a body of water, such as a river. These pose two significant
advantages, firstly that water acts as a more efficient transfer of heat (compared to air), and that water temperatures
maintain stable, and above-average temperatures all year round. Suitable bodies of water applicable to the island include
rivers, lakes, and even oceans.
Sewage Source Heat Pump: By far the least glamorous of the heat sources, sewage source heat pumps aim to harness
wasted energy travelling around in sewage water. Scottish Water highlights that the average temperature of wastewater
sits at around 15°C – a clear potential source of heat.59
Biomass Boiler: Perhaps the most “traditional” of the three methods, biomass boilers when connected to district heating
can deliver cost-efficient heat across the network. These can come in different varieties, depending on the fuel used, and
are discussed in greater detail (particularly with their relevance to the Isle of Man) in Section 3.4.1.
Waste Heat: is produced by various processes which could be reasonably harvested for heat network, particularly newer
ones that operate at lower flow temperatures. Such sources could include data centres, which we understand are being
encouraged on the Isle of Man, hospitals, or hemp production.
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3.3.2. MARKET OVERVIEW & TECHNOLOGY READINESS
Despite the potential for energy, carbon, and financial savings, widespread uptake of heat networks has been modest across the UK
– with only 2% of homes connected (around 480,000 consumers).60 The barriers to independent private investment are significant,
given the disruption required from infrastructure work, and the uncertainty around consumer uptake. Furthermore, those consumers,
once signed up to the heat network, face uncertainty around the amounts charged, the service they receive, and legislative overview
on their rights within the schemes61,62 - despite recent regulation implemented by the UK Government.63
This experience is counter to that in Denmark, where district heating has been a success overall. Denmark services 63% of its
citizens via heat network, the third-highest across the world (Figure 3.3.1). One key to their success is arguably the high percentage
of networks that are operated by consumer-owned, non-profit cooperatives.64 These in turn are regulated by a heating association
(Danish District Heating Association), ensuring regulatory oversight for both providers and consumers. This then contributes
towards low levels of energy poverty,65 reduction of fuel imports,66 and carbon emission reductions.67 The Danish experience also
offers more tailored guidance to the Isle of Man – more specifically, the two islands of Bornholm and Samsø. The latter, dubbed
Denmark’s “Renewable Energy Island”,68 now supplies 75% of its households with biomass-generated district heat,69 something
which has contributed to negative carbon footprints for its residents. Bornholm’s strategy, aiming to be carbon-neutral by 2025, is
one which also includes further investment in district heating.70

FIGURE 3.3.1: HEAT NETWORK SERVICE BY COUNTRY.71
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To evaluate the heat demand density across the island, over 41,000 points were
plotted (using GIS software) across the island. These included residential homes
and public buildings, to provide estimates for heat demand and for which primary
data was made available.72 Once this was done, polygons were drawn over some
of the most heat “dense” areas, with the view to incorporating as many properties
as possible onto district heating. This process was continued, until a series of
potential heat networks were mapped across the island (Figure 3.3.2). Detailed
views of these heat networks can be viewed in further detail in the appendices.
This analysis demonstrates that (even with the current data limitations detailed)
there are (28 potentially) financially viable heat networks on the island. These vary
tremendously in size and heat density (Figure 3.3.3). Notably, those networks with
higher theoretical heat densities should deliver lower costs of heat to consumers.
However, there is no guarantee that consumers will sign up to heat networks,
even if they are available. In their modelling scenarios for the UK’s sixth carbon
budget, Element Energy hypothesises that uptake could be as low as 50% in some
cases.73 On the other hand, heat networks could stand to deliver the cheapest
clean heat for households, particularly in the most viable areas. One point of
important consideration is the effect that fabric efficiency upgrades can have on
heat demand density (discussed in Section 3.1).
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FIGURE 3.3.2: WHOLE-ISLAND HEAT NETWORK MAP
(RED CLUSTERS INDICATE HEAT DENSITY).

60

BEIS (2021). Opportunity Areas for District Heating Networks in the UK.

61

Inside Housing (2021). What is Going Wrong with Heat Networks?

62

BEIS (2018). Qualitative Research with Consumers and Operators of Heat Networks.

63

UK Government (2020). Regulations: Heat Networks (Metering and Billing).

70

R-ACES (2019). District Heating in Bornholm and Bornholms Forsyning.

64

Dansk Fjernvarme (2021). Danish District Heating Association.

71

Euroheat & Power (2015). Top District Heating Countries.

65

Energy Poverty Observatory (2014). Energy Poverty in Denmark?

It is recognised that other industrial and commercial sources of waste heat and heat
demand could play an important role in the viability of heat networks. We recommend
further study to collect the data needed to develop this analysis.
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FIGURE 3.3.3: SAMPLE OF POTENTIAL HEAT NETWORKS BY NUMBER OF PROPERTIES
AND THEORETICAL HEAT DEMAND DENSITY.
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3.3.3. ENVIRONMENTAL IMPACT
As illustrated in Figure 3.3.4, heat pumps incorporated into heat networks can run at much higher efficiencies than if they were
serving a single household.74 Transitioning directly from a gas boiler to heat-pump-powered district heating could potentially save
62% in carbon emissions. Given the future planned decarbonisation of the electricity grid on the island, this could rise to 68% in
2030, up to 99% in 2040 (As seen in Figure 3.3.5). When considering that these savings could be seen across several thousand heat
network connected households, the environmental impacts of district heating is clear to see.

FIGURE 3.3.4: RELATIVE PERFORMANCE OF HEAT PUMPS AS PART OF A HEAT NETWORK (VARIATION
IN HEAT PUMP EFFICIENCY DEPENDENT ON SEVERAL FACTORS).

2,500

5.0
4.5
2,044

4.0

2,000

Average System
Efficiency (COP)

3.5

3.32

1.500

3.0
2.5
1,071

2.0

784

1.5
0.9

1.0

1,000

500

0.5
0

0
Natural Gas Boiler

Individual GSHP

System Efficiency

39

74

BEIS (2020). Future Support for Low Carbon Heat: Impact Assessment.

Network-Based Heat
Pump

Annual Emissions

Annual Emissions 10,000kWh
Demand (kgCO2e)

4.53

OVERVIEW OF RENEWABLE HEATING OPTIONS
FIGURE 3.3.5: EFFECT OF GRID DECARBONISATION ON HEAT NETWORK PERFORMANCE.

Whilst the significant and near-future carbon savings of district and communal heating are hugely beneficial, there are additional,
secondary benefits to their implementation that are also worth considering:
Waste Heat Usage: As mentioned prior in Section 3.3.1, the usage of waste heat in district heating can be of significant environmental
benefit. To illustrate the point, consider that the energy wasted by offices in the City of London is sufficient to power 65,000 homes,75
and on a global scale, humanity wastes around 70% of all energy produced.76 Given that the Isle of Man hopes to have increasing
numbers of data centres on the island, district heating could provide an elegant solution to their significant amounts of waste heat,
as well as for other heat-intensive businesses.
Modularity in Heat Generation: The modular nature of heat generation allows for completely carbon neutral heat to be added
later, when most viable. This could prove to be extremely important, given that some transitionary heat generation methods (such
as biofuel-blends for instance), may still produce carbon emissions. District heating could theoretically help to ease future disruption
once the time comes to switch from these sources of heat.
Potential for Prosumers: Prosumers – customers who also generate heat and sell it back into the heat network, are a recent and
future consideration for district heating. Whilst this is a concept still in its infancy (the first working prosumer incorporating network
was built under controlled conditions in 2018),77 academic research indicates the potential could be significant.78 In particular,
households could play as significant a role in the production of heat, as they currently do in electricity.79
Improve Urban Air Quality: The burning of biofuels, whilst useful in reducing carbon emissions, still produces airborne pollutants
dangerous to human respiratory health, something expanded upon further in Section 3.4.3. Whilst air quality is currently not
perceived to be an urgent issue on the island, stricter air quality guidelines have recently been released by the World Health
Organisation.80 The most recent data on the issue81 (conducted in 2009), indicates more work may be needed in the longer term.
District heat can serve to mitigate the impact of this in two ways. Firstly (and most simply), generating heat more efficiently uses
less fuel, and therefore reduces the amount of pollutants released. The second reduction comes from the fact that district heating
generation systems can be strategically placed away from densely populated, high-risk areas (such as those with schools nearby).
Furthermore, useful geographical features - such as wind and elevation - can serve to further mitigate the risks of air pollution.

3.3.4. INVESTMENT REQUIRED
Given the range of properties connected and subsequent heat demand densities for our hypothetical heat networks, it follows that
each of them will have varying costs. It is important to clarify that investment for district heating can be broken down into three
categories – all of which affect the end levelised cost of heat (LCOH) and subsequent prices paid by the consumer. First is the capital
expenditure, more commonly thought of as the upfront cost. Given that cashflows are time-discounted under investment analysis,
these are often “disproportionately” impactful on the result. Second is the operating expenditure, which covers maintenance and
other ancillary costs required to run the networks. Finally, the fuel expenditure – the cost of the fuel used to actually generate
heat.

40
40

75

Facilitate (2020). Energy Wasted by City of London’s Offices Could Power 65,000 Homes.

76

Yale School of the Environment (2018). Waste Heat: Innovators Turn to an Overlooked Renewable Resource.

77

University of Nottingham (2018). World’s First Prosumer Residential Community Heat and Electricity Network wins National Award.

78

Brange, L., Englund, J. and Lauenburg, P. (2016). Prosumers in District Heating Networks – A Swedish Case Study.

79

Paiho, S. and Reda, F. (2016). Towards Next Generation District Heating in Finland.

80

World Health Organisation (2021). WHO Global Air Quality Guidelines.

81

Hyder Consulting (2010). Isle of Man Government Review of Air Quality.

OVERVIEW OF RENEWABLE HEATING OPTIONS
FIGURE 3.3.6: POTENTIAL HEAT NETWORKS BY COSTS.

As seen in Figure 3.3.6, the heat networks themselves have costs that are predominantly correlated with the size of their overall
heat demand. Up-front costs range from £170,000 in Peel 5, to £11,600,000, in Douglas Beach 1. Whilst this sample does well to
illustrate the spread of these costs from network to network, it is worth considering that for all 28 heat networks combined:

TABLE 3.3.1: COMBINED COSTS OF POTENTIAL HEAT NETWORKS.
OPERATING EXPENDITURE

FUEL EXPENDITURE

CAPITAL EXPENDITURE

Total Cost (£)

1,919,579

5,972,765

136,994,372

Average per Property (£)

148

460

10,556

The average costs per property are worth considering – heat networks cost around £10,500 up-front, with approximately £600 in
annual costs (for twenty years). Whilst this does not factor in the cost benefits which are to be gained via fuel savings over time, it
does highlight the financial up-front burden which must be overcome, either by the public or private sector.

FIGURE 3.3.7: HEAT NETWORK BREAKDOWN BY PROPERTY TYPE.
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3.3.5. KEY CONSEQUENCES
Before discussing the key consequences of building these heat networks, it is worth better understanding what these heat networks
are connecting to. As seen in Figure 3.3.7, the overwhelming majority are currently residential buildings (the lack of private commercial
heat demand data is discussed in Section 3.3.6). Commonly, most traditional heat network installations are installed using trench
excavation – however, this method is often the most disruptive and time-consuming.82 In particular, this method could be unsuitable
for the most urbanised areas. These areas are in Douglas and Ramsey (shown in Figures A.3.1, and A.3.2). Fortunately, there are
less disruptive alternative methods of installation, as highlighted in a report by AECOM.83
Their work on “Radical Routes” details alternative, external pipelines. As seen in Figure 3.3.8, these include loft/cellar space pipelines
(seen on the left), whereby they are routed between properties. The other option is for external wall routing (seen on the right)
where pipelines run alongside the outside wall of the house – either on the front or rear. One issue with these more novel solutions
is their reliance on consumer acceptance – one reluctant household could prevent an entire street from being connected via these
methods. Another issue is the inapplicability of them to older, protected properties (such as period properties). Other trenchless
methods which can navigate these issues include horizontal directional drilling and core excavation. All these alternatives can not
only be less disruptive than traditional trench excavation but also cheaper – provided each of their individual challenges can be
navigated.

FIGURE 3.3.9: ILLUSTRATIVE EXAMPLE OF RADICAL ROUTE PIPELINES FOR
HEAT NETWORK DELIVERY.

3.3.6. RECOMMENDATION
As alluded to earlier in this section, our analysis of the potential viability for heat networks on the Isle of Man has been
a highly theoretical, top-down assessment. Our criteria for the suitability of district heating in this context relies on three
primary requirements:
Compatibility with the transition to net-zero: Clearly, any recommendation in this report must be significantly
contributory towards helping the Island reach its renewable heating goals. As highlighted in Section 3.3.3, the efficiency
savings from the networks, combined with the modularity of generation sources (easing the transition further in the
future), all point towards clear compatibility.
Technological feasibility: This analysis began with the adoption of a heat demand density threshold (the primary driver
for viability) that was suitably high enough to ensure any proposed heat networks were economically feasible (Section
3.3.2). Furthermore, the range of characteristics of our proposed heat networks (location, size, number of properties,
investment and disruption required etc.) means that at least some (if not all) of these proposed heat networks will be
viable.
Creates clear added value for consumers: An important factor (perhaps the most important), is the cost of heating
supplied by the heat network. District heat which fails to deliver at lower costs than existing, individual generation
methods, is an economic non-starter. This is particularly true given the huge levels of up-front investment required
(Section 3.3.4), disruption during installation (Section 3.3.5), and concerns around the level of service delivered (Section
3.3.2). Fortunately, the combination of our theoretical heat networks with our scenario modelling analysis demonstrates
the clear potential for cost savings for consumers.
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DH1: Gather Accurate, Complete Heating Data:
One of the clearest limitations of the scope of our analysis was the inability to retrieve heat consumption data from the
private sector. The IEA report that almost a fifth of global energy consumption is derived from industrial heat.84 Whilst this
may not be exactly true for the Isle of Man, it does indicate the huge amount of heat consumption by private companies.
Inclusion of this data will generally positively impact viability of heat networks – allowing for cheaper heat, or a greater
number of properties connected. Furthermore, our data for the heat demand of the domestic building stock was based on
assumptions and averages, rather than specific consumption data. The collection of better data across all sectors should
lead to better accuracy of viability.
DH2: Algorithm-Driven Optimisation of Heat Networks:
The creation of our heat network zoning was done on a “by-hand” basis, with the aim of including as many properties with
potential connections as possible. Future study should conduct optimisation of the dimensions and locations of theoretical
networks with respect to; resultant levelised costs of heat, efficiency losses from pipelines, avoidance of installation
disruption to high-footfall areas, geographical features, resultant air quality impacts, and nearby sources of alternative heat,
such as those mentioned in Section 3.3.1. The order, prioritisation, and associated constraints of this optimisation process
will ultimately need to be decided by policymakers in accordance with stakeholder needs and preferences.
DH3: Commence Survey and Design Work for Agreed Networks:
One of the most important features which needs to be added to our analysis is an “on-the-ground” perspective. Given the
theoretical nature of our analysis thus far, it may miss important barriers or opportunities for district heating which are not
visible from a data perspective. These could range from unmapped sources of heat to completely inaccessible proposed pipe
routing. Clarity in this area is important for reducing risks during later construction, as well as improving confidence amongst
stakeholders.
DH4: Commence Stakeholder Engagement and Assessment:
Future study must involve assessment of the stakeholders involved in district heating. These range from end-user customers
(consumers, landlords, businesses etc.), to policymakers at the local and national levels. This is incredibly important given
that heat networks rely upon; high uptake numbers for financial viability, agreement for pipeline implementation (particularly
for radical routing as described in Section 3.3.5) and a supportive policy environment (especially given the high levels
of disruption and investment involved). Furthermore, given the implications of recommendation DH2, we believe that an
important discussion must take place around the balancing of heat network characteristics.

3.4. BIOFUELS
In “the world first comprehensive study” on achieving net-zero by 2050, the IEA noted the important role that sustainable forms of
bioenergy play in the transition to zero emissions.85 The Isle of Man government and Arup also recently highlighted the prominent
role which biofuels could play in supporting the decarbonisation of the power sector, in the published Future Energy Scenarios
report.86
Following on from the anticipated progress made in decarbonising the supply of electricity on the island, our heat decarbonisation
scenarios show a significant role for electrical heating solutions – such as heat pumps and panel heaters. The deployment of electrical
heating solutions is however complemented by bioenergy heating systems which provide a solution for properties which cannot
easily or cost-effectively have an electrified heat source. This is important, as our research suggests that the Isle of Man building
stock is varied and includes several archetypes which will not be ideally suited for heat pumps or direct electric heating.
Bioenergy solutions have several advantageous properties which have been accounted for in this review. They are typically relatively
easy to store and can be flexibly used when needed to provide instantaneous heat to the home. This is different to electricity which
can be expensive and challenging to store and use at times of need. When combusted in boilers, biofuels also provide relatively
instantaneous high-temperature heat suitable for hard-to-electrify properties, without the radiator or building fabric modifications
which are often required with a heat pump install.
Indeed, in an energy system dependent on variable renewables such as solar and wind, flexibility is increasingly valuable.87 Biofuel
heating can support the island meet peak energy requirements during the winter months. Finally, the Isle of Man has the opportunity
to develop indigenous bioenergy resources and create economic value from the cultivation of feedstocks and the production of
valuable low-carbon fuels. Further analysis is needed to determine the scale of this opportunity.

3.4.1. TECHNOLOGY OVERVIEW
Sustainable bioenergy solutions are varied, and several innovative production processes could lead to novel fuels being developed
in the coming years. In the context of this review, we have highlighted:
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Solid biomass which includes wood logs, wood chips and wood pellets are
fuels typically combusted in boilers to produce high-temperature heat. Despite
being a mature market, there are some concerns regarding sustainability
which are explored further in this chapter. It is important to note that the
Arup Future Energy Scenarios project an important role for solid biomass in
providing baseload power on the island.
The Isle of Man currently has an estimated 60,000 tonnes of biomass in the
existing plantations, of which 30,000 tonnes could be sourced sustainably
providing it is managed responsibly. Additional volumes of pellets/chips
could be imported - likely from mainland Europe or North America - but the
sustainability of these sources needs to be assessed and monitored. The
trade-off between land available for food and fuel on the island, the resultant
need to import other resources, and the sustainability impact of these choices
should be considered in a follow-up land management plan.
In producing this report, we have engaged with multiple stakeholders who
have identified concerns regarding current on-island biomass capabilities,
particularly in relation to the final product quality and reliability of the supply
chain, which has affected confidence in the product. Solid biomass is utilised
in System Transformation and Leading the Way, and even in Consumer
Transformation we understand that solid biomass is likely to be a component
of the Isle of Man’s energy strategy. We propose that a fuel sourcing strategy is
developed, which should consider how to address these concerns, potentially
creating a pellet production facility to provide reliable, high quality biomass.
Bio-oil is a developmental fuel (see the following section for detail) which
can be used in existing oil boilers – in some instances with minor modifications
needed. Bio-oils have been used to decarbonise surface transport applications
– particularly in the UK – where bio-oils have been incentivised under the RTFO
scheme. These fuels can be used in heating applications but have yet to be
used to decarbonise heat at scale in the UK and Irish markets. We understand
that bio-oils have not been used on the island for heating.
BioLPG is chemically indistinct from fossil-based LPG and is therefore a dropin fuel that can be used in existing LPG appliances and boilers. It can be stored
easily in LPG storage tanks or cylinders, making it a good solution for off-grid
properties which cannot be electrified. The fuel is currently not supplied onto
the island but is consumed in GB and Irish markets in modest volumes.
Biomethane was a solution considered at the start of the review. It has been
discounted from the modelling as a result of uncertainties regarding the longterm availability of the natural gas grid, which would be the cost-effective
transportation option for the fuel. Whilst anaerobic digestion facilities could
supply biogas to local properties for heating purposes, we don’t see this
pathway being a wider solution for the island given uncertainties regarding
the continued use of the gas grid as consumers transition to renewables and
following the decommissioning of Pulrose CCGT. However, it could be used in
small district heating networks.
In addition, there is potential to develop biogases from novel feedstocks such
as seaweed and sea kelp which are plentiful and available in substantial
volumes. Whilst current technological projects have demonstrated the basic
principles, and some have trailed production processes,88 further advances
would be needed before the commercialisation of domestic biofuels produced
from these feedstocks.
Indeed, some reports estimate that the gross energy yield from the
cultivation of sugar kelp (186 GJ/ha/year) exceeds similar values estimated
for the production of biodiesel from palm oil (120 GJ/ha/year). However
saline environments – such as marine waters – are thought to reduce yields.89
Nonetheless, as the Isle of Man has nearly 400,000 hectares of territorial
sea area, for illustration, cultivating sugar kelp across 2.5% of this available
area, would produce enough energy to meet the current heating oil demand
on the island. This is an area of further research and potentially an economic
opportunity for the island.
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3.4.2. MARKET OVERVIEW & TECHNOLOGY READINESS
Solid biomass (TRL Level 10)
The solid biomass market is mature. Across the EU-28, pellet production has increased by 40% since 2016. This is to meet increasing
consumption volumes (54% up over the same period) which is mostly driven by residential use. The supply of biomass pellets is
relatively fragmented in the UK, with a few large suppliers (e.g. Drax) and many smaller companies importing, producing and selling
fuel. The UK Government and biomass industry monitors and regulates the sustainability and quality of fuel supplied into the UK
market using the Biomass Suppliers List – which sets compliance criteria for fuel used in heating systems that have been supported
by public subsidies.
The Isle of Man does not currently have a pellet production facility situated on-island but does have a woodchipper. Given the
inclusion of biomass power production in the Future Energy Scenario report conducted by Arup for the Isle of Man government, it
might be that further investment in biomass production facilities will become an attractive investment for the island. Solid biomass
boilers combust wood pellets, chips, or logs to heat hot water in a wet central heating system and can therefore be easily retrofitted
into many homes – though practical space requirements for the boiler (large) and the fuel store can restrict suitability. The boilers
are either manually or automatically fed by fuel – with automatic feeds costing more money to install.
Data from the UK’s Renewable Heat Incentive subsidy programme suggests that the cost of installing a modern boiler varies between
£8,000 (<10kW) and £18,000 (26-30kW). These CAPEX figures have been used in the modelling. Whilst some assessments have
projected cost-down potential for biomass boilers,90 it is unclear whether the technology would be manufactured and installed in
increasing volumes needed to enable further economies of scale and cost reductions – particularly given wide use in other European
markets (Italy, Austria, Sweden and Finland for example).
Data obtained from the Isle of Man government suggests that wood chips are relatively low-cost, with a fuel price of 3.6 p/kWh as
of October 2021 which compares favourably with heating oil (~5p/kWh) and natural gas (~8p/kWh).91 The future price of biomass
fuel is uncertain and dependent on the evolution of supply and demand – which is heavily dictated by Government policy towards
biomass across the EU and globally.
Bio-oil used for heating (estimated TRL level 7-8)
Biodiesel is generally produced at scale via transesterification of vegetable oil to produce Fatty Acid Methyl Esters (FAME), or the
hydrotreatment of oil feedstocks to produce Hydrotreated Vegetable Oil (HVO) – which is sometimes referred to as renewable
diesel. In many instances, existing oil refineries have been transitioned to produce these bio-oils.

FIGURE 3.4.1: BIOFUEL PRODUCTION METHODS, PRODUCTS AND USES. 92
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Both of these fuels have seen increased investment, and increasing supply over recent years, as national Governments establish
incentives and obligations to decarbonise surface transport in particular (see Figure 3.4.2). An example of this is the Renewable
Transport Fuel Obligation in the UK which has supported the delivery of over 100 million litres of HVO-biodiesel and biopropane
cumulatively since 2011.

FIGURE 3.4.2: GLOBAL PRODUCTION OF BIODIESEL

Pertinently for the Isle of Man and this heating strategy, whilst these fuels have been deployed at scale in the transport sector, they
can also be utilised in oil boilers. The Isle of Man has over 20,000 oil-heated properties which will need to be decarbonised. This
bio-oil pathway has some technical challenges which need to be considered. FAME biodiesel cannot be used in existing oil boilers
without modifications to the burner, filters, valves and some storage tank equipment. The fuel also has some challenges when used
in cold temperatures, with the flow of FAME prone to slowing down below useful levels (cold filter plug point).
Nonetheless, whilst there is some variability in respect to the fuel blend, and materials used in the heating system, the UK oil
industry estimate that the modifications needed to enable the conversion of an existing oil boiler to operate on bio-oil are in the
order of £500-£1,500 per system.93 However, as bio-oil blends evolve from initially modest concentrations of FAME (e.g. B30k 30% blend) to the targeted 100% blend (B100k), further modifications are likely to be needed to an existing oil heating systems
as step-changes in the bio-content of the fuel drive further complications with burners, valves and storage components. For this
reason, this review has discounted FAME bio-oil as an option.
Instead, there is growing interest in the use of HVO in existing oil boilers, given that it does not suffer from the same cold weather
issues, and is thought to be suitable for use in existing heating systems with very minor servicing needed (estimated to cost £300).94
Importantly, whilst HVO has been utilised in growing volumes in the transport sector, it is still relatively unproven when used to fuel
boilers – with some limited trials established in the UK95 and other European markets.96 Given that the fuel has been produced for
use in other sectors, we have therefore included HVO bio-oil boilers – whilst cautioning that further study is needed to assess the
availability for heating on the island.
Fuel costs have been estimated based on an assumed premium over conventional oil. Capital costs are equivalent to existing oil
boiler costs.
BioLPG (estimated TRL level 4-10 depending on supply route)
Contrary to the bio-oil pathway, bioLPG produced as a by-product of renewable diesel production is already available and in use
across GB, Irish and several other European markets – hence considered to be at a higher Technology Readiness Level (TRL 10). The
UK LPG industry has a 100% renewable fuel target by 2040,97 and has collaborated with hybrid heat pump technology providers
to develop novel heating solutions for the off-gas grid market.98 BioLPG can be used in existing LPG-led heating appliances,
transported using existing vehicles, and stored using conventional tanks and cylinders. It is therefore a low-hassle option for current
users of LPG, and its use as an off-grid fuel in conventional wet central heating systems would be familiar for heating oil consumers.
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As with conventional LPG, the fuel can easily be stored in cylinders or tans, and flexibly used to meet variable energy and heating
demands. As explored earlier in this chapter, this flexibility is a valuable characteristic and could be used to meet the peak heating
requirements of hybrid systems – this has been recognised by the National Grid and the Committee on Climate Change in the UK,
both of which see a role for the use of bioLPG and bioliquids in off-gas grid homes.
As a co-product of many of the processes which produce HVO biodiesel and sustainable aviation fuel (HEFA), bioLPG volumes
are likely to rise as the demand for these fuels increases from the transport sector. It is currently produced by large biorefineries in
Europe and sold via offtake agreements to large fuel distributors. In addition, there are additionally several promising technologies
and routes to produce the fuel – such as gasification with Fischer-Tropsch – but further investment is needed to develop these
processes to the point of commercial availability.99
For the Isle of Man, the future availability of bioLPG on the island is a key risk. Currently, LPG is imported and utilised in cylinders
and larger storage tanks – particularly by rural households located off the gas grid. Whilst the same infrastructure, supply chain
and know-how could be used to effectively supply bioLPG, the fuel is currently produced in growing, but small volumes across
Europe, and has several competing use-cases and national markets in which it could be deployed. Further investigation is needed to
understand and balance these risks with flexibility and ease-of-use benefits.
Based on current industry practices and assumed offtake agreements made with biorefineries, bioLPG is assumed to incur a 20%
premium over current conventional LPG prices in the modelling.

3.4.3. ENVIRONMENTAL IMPACT
The use of sustainable solid biomass is essentially carbon neutral with only minor concentrations of other greenhouse gases
produced, given the sequestration of CO2 by plantations. Table 3.4.1 compares direct carbon equivalent emission factors for the
biofuels included within this analysis, and fossil fuel factors for comparison. This table represents the current state of the art, and
novel production routes – including gasification of waste – and the use of green hydrogen to produce HVO and bioLPG have the
potential to reduce biofuel emission factors further.

TABLE 3.4.1: DIRECT CARBON EMISSION FACTORS FROM BEIS (KGCO2E/KWH). 100

HEATING OIL

LPG

HVO

BIOLPG

SOLID BIOMASS

0.2467

0.2145

0.0038

0.0003

0.0001

From a sustainability perspective, the Isle of Man government may wish to consider the lifecycle emissions, including upstream (wellto-tank) impacts associated with certain biofuel consumption. The recast of the EU’s Renewable Energy Directive is an example of
a policy initiative that seeks to manage and regulate the use of biofuel feedstocks, taking account of the risk of indirect land-use
change (ILUC) and reduction in carbon sinks (e.g. rainforest) from expanding feedstock cultivation. RED II, sets a limit on the use
of “high-risk” ILUC feedstocks such as vegetable oils (palm, soy etc) in the production of biofuels which can be counted towards
Member State targets.
Whilst major producers of HVO and bioLPG are increasingly shifting away from the use of high-risk ILUC feedstocks and towards
the use of wastes and residues (such as Used Cooking Oil),101 the Isle of Man government may wish to follow the example set by
other European policymakers by restricting the availability of public subsidies to biofuels which have been produced from certain
feedstocks. The sustainability of imported solid biomass is also a consideration for regulation, with the UK’s Biomass Suppliers List
an example of a scheme which sets eligibility requirements for suppliers of fuel which receives public subsidy or support.
The Isle of Man Government may wish to utilise sustainability scheme registration as a tool to demonstrate eligibility with
sustainability standards. For instance, the UK Government recognises several voluntary schemes (e.g. Red Tractor, ISCC) as evidence
that sustainability requirements are met under the Renewable Transport Fuel Obligation – which incentivises the take-up of biofuels
in the road transport sector. Several of these schemes – such as the ISCC – operate internationally and could be utilised on the Isle
of Man.
A final environmental consideration for the Isle of Man government is the air quality impact of biofuel consumption. The combustion
of solid biomass has been associated with higher emissions of air pollutants102 and particulate matter – which the European
Environment Agency has estimated is associated with the premature deaths of nearly 380,000 Europeans in 2018.103 Air pollution
is a localised problem, with the greatest impact associated with population-dense areas. The UK has for example taken measures
to restrict the use of solid biomass in urban areas.104
99
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FIGURE 3.4.3: PM2.5 EMISSION FACTORS FROM RESIDENTIAL COMBUSTION.

Whilst particulate matter (PM2.5) concentrations recorded on the island (13µg/m3) in 2009 were lower than the European and UKgovernment target at the time (annual mean of 25µg/m3)105, the UK is now reviewing air quality targets following the publication
of a new Environment Bill, and updated advice from the World Health Organisation. Compared to the new WHO guidelines, the
particulate matter concentrations recorded on the Isle of Man (in 2009), would now be in exceedance of the targets – see Table 3.4.2.

TABLE 3.4.2: ISLE OF MAN AIR POLLUTANT CONCENTRATIONS COMPARED TO NEW WHO GUIDELINES. 106
POLLUTANT

OBJECTIVE EUROPEAN/UK
CONCENTRATION IN 2009 (ANNUAL MEAN)

ISLE OF MAN MEASURED
CONCENTRATIONS (QUARTERBRIDGE,
RICHMOND HILL MEASURING STATIONS)

NEW WHO GUIDELINES FOR
LONG-TERM CONCENTRATIONS
(ANNUAL MEAN)

PM10

40 µg/m3

15.8, 16.8 µg/m3

15 µg/m3

PM2.5

25 µg/m3

13.8, N/A µg/m3

5 µg/m3

Regular monitoring of air pollutant concentration levels might be advisable if the island chooses to combust greater quantities of
solid biomass to provide renewable heat and power.

3.4.4. INVESTMENT REQUIRED
Under the UK’s domestic Renewable Heat Incentive, biomass systems sized between 21-25 kW have most commonly been installed
under the dRHI and have cost £14,500 on average to install. For the purpose of this study and based on the BEIS dRHI data, we have
assumed that biomass boilers cost between £8,120 - £18,100 to install (for systems up to 30kW in size).
The cost of a bioliquid (bioLPG or bio-oil) boiler is equivalent to conventional boilers – in the range of £1,000 - £3,000. Additionally,
fuel storage equipment is equally priced. Bioliquids are expected to be more expensive to produce and supply than conventional
fossil fuels – attracting a 10-30% price premium initially.

3.4.5. KEY CONSEQUENCES
Even though using biofuels is a cost-effective way to decarbonise heating on the island, certain challenges need to be noted. The
Isle of Man has limited resources, having approximately 79,000 acres of land suitable for biomass production.107 As AEA and Arup
previously noted, the island can potentially produce 30,000 – 32,000 oven-dried tonnes (odt) of biomass given 10% of the suitable
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agricultural land and government forestry estates are used. Growing biomass on a higher proportion of agricultural land may not
be reasonable as it could potentially lead to higher levels of food imports and associated emissions from shipping/transportation.
This issue, and the trade-off between the use of agricultural land for food or fuel on the island must be analysed in further detail in
a future Land Management Plan. A consideration of the sustainability and cost-effectiveness of indigenous production and imports
of food/fuel is important.
To address the constrained resources of the island, importing biomass may have to be considered by Manx authorities. Biomass
imports have a great role in ensuring fuel availability and closing the gap between the demand and supply of domestic production.
Also, the Isle of Man is very well-situated for imports as manufacturing facilities in both Northern Ireland and Great Britain can
easily access the island by bulk carrier vessels. Carrier vessels, similar to the ones transporting grains, can deliver wood chips and
other types of biomass using the existing infrastructure. Furthermore, importing biomass can release more land for domestic food
production.
However, there are disadvantages which have to be taken into account. Transporting woodchips would result in further carbon
emissions, making biofuels less of a low carbon heating solution. Moreover, importing biomass would not only fail to address the
energy dependence on other jurisdictions, but transportation costs would make biomass energy more expensive.

3.4.6. RECOMMENDATION
Whilst availability and sustainability concerns should be recognised and analysed in further detail, we recommend that
biofuels – solid biomass, bioLPG and bio-oil – should be included in the archetype modelling carried out for this heat
decarbonisation strategy. Our review recognises that solid biomass boilers and fuel are readily available to households
on the island, whilst bioLPG is available in limited quantities in the UK and drop in bio-oil (HVO) is available as a road
transport fuel – but has yet to be utilised as a heating fuel.
Further to this, we propose that the Isle of Man Government:
BIO1: Fuel Sourcing Strategy
Carries out a fuel sourcing strategy for developing the supply of biofuels on the island (see Section 0), including consideration
of a pellet production facility to address existing concerns regarding reliability and quality of biomass.
BIO2: Air Quality Monitoring
Considers the need for air quality monitoring if solid biomass combustion is to be encouraged as part of the heat and/or
power generation transition on the island. Other governments have restricted subsidy support for solid biomass heating in
urban areas where air pollution problems have developed.
BIO3: Biofuel Sustainability
Establishes sustainability requirements for the supply of biofuels – particularly where their consumption is supported by
public subsidy. Internationally recognised voluntary schemes such as ISCC could be utilised.

3.5. HYDROGEN
Hydrogen is a fuel with the potential to decarbonise a broad range of sectors such as industry, transport, heat and power. The Climate
Change Committee (CCC) estimate that in 2050 there could be between 161 and 238 TWh of low carbon hydrogen used in the UK,
with up to 43 TWh of that in buildings. However, it will not always be the most cost-effective option and proving both technical and
financial feasibility, as well as the safety case, will be the priority for countries targeting hydrogen as a decarbonisation solution. The
UK recently published its hydrogen strategy and is currently consulting on business models, grant support and hydrogen standards
in an attempt to kickstart low carbon hydrogen production with the target of 5 GW of production by 2030.108
Hydrogen has similar properties to natural gas in that it can be transported through a grid and burnt in a boiler to provide rapid
heat. It also has some distinct differences to natural gas that create challenges, particularly in storage and distribution. For example,
hydrogen has an extremely low density which makes leaks more likely, conversely, this also means that the fuel dissipates more
rapidly than natural gas in the case of a leak in open air. Hydrogen also has a much larger flammable range which may pose
problems in proving the domestic safety case.
This analysis finds that hydrogen is likely to be an expensive option for heating on the Isle of Man. The cheapest hydrogen option
is found to be pipeline hydrogen from the UK due to avoiding the need for both on island storage and CCS. However, this creates
several risks including the interconnector being unsuitable for hydrogen and the UK not producing sufficient volumes for export in
the medium term. This analysis estimates costs of this form of hydrogen to be over 12p/kWh, this would need to be halved for this
to be a cost-effective heat decarbonisation option for any properties on the Isle of Man.
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3.5.1. TECHNOLOGY OVERVIEW
There are three main low carbon hydrogen production methods:
1 Electrolysis
Electrolysis uses electricity to split water into hydrogen and oxygen. The CCC estimate that
the efficiency of electrolysis could increase to 74-82% for PEM electrolysers and up to 92%
for solid-oxide electrolysers if there is sufficient low carbon heat available.109 No emissions are
produced in this production method, although the emissions of producing electricity need to be
considered.
2 Gas reformation with CCS
Gas reformation involves reacting a stream of natural gas with steam at high temperatures.
Hydrogen production using methane is currently dominant, accounting for roughly threequarters of global production. Without carbon capture and storage (CCS), this is very carbonintensive with 10 tonnes of carbon dioxide being associated with each tonne of hydrogen
production.110 With estimated capture rates of between 90 and 100%, the emissions from gas
reformation can be significantly reduced to 11-25 gCO2/kWh before taking upstream emissions
into account.
3 Gasification with CCS
Gasification involves heating a hydrocarbon-rich feedstock to high temperatures producing
syngas rich in hydrogen. These contain other contaminants which can be removed as necessary.
Coal and biomass are suitable feedstocks for gasification with the potential for negative lifecycle
emissions when using biomass. In general, most people refer to low carbon hydrogen production
as either green, when using electrolysis, or blue when using fossil fuels with CCS. Gasification
with CCS is unlikely to be a common form of hydrogen production in the medium term due to
higher costs and a lower technology readiness level.
Hydrogen production with CCS will also require a CO2 pipeline and storage infrastructure.
These types of projects lend themselves to regions with favourable geology such as porous
rocks or saline formations. Early-stage assessment suggests that CCS may be possible in the
area around the Isle of Man in saline aquifers,111 however, more work would be required to
establish the technical and financial feasibility of this. There is potential that, due to the low
economies of scale on the island, this would be prohibitively expensive.
In addition to production, the distribution and storage of hydrogen are vital components of a
hydrogen system. Hydrogen can be transported through a modified gas network directly from
production or storage to end-users. Gas networks that have polyethylene (PE) pipes are well
suited to carry hydrogen, with any metallic sections of the network requiring replacement due
to the risk of embrittlement and leaks. The replacement of the majority of iron mains has already
taken place on the Isle of Man, with roughly 79% of the gas network made of high-density
polyethylene (HDPE).112 For context, the UK has replaced roughly 63% of iron pipelines
with polyethylene.113 We have been unable to obtain the information needed to estimate costs
of converting the natural gas grid to hydrogen.
One of the key benefits of hydrogen is the ability to store large amounts of energy for long
periods at a relatively low cost. This is particularly relevant when considering heating due to
the large inter-seasonal variations in demand.

3.5.2. MARKET OVERVIEW & TECHNOLOGY READINESS
Hydrogen is used extensively worldwide, with around 2,730 TWh of demand for pure
hydrogen and an additional 1,755 TWh of demand for hydrogen as part of a gas mix. Ammonia
production and refining make up the vast majority of the demand for pure hydrogen.
However, the IEA estimated in 2019 that less than 0.7% of production was from renewables
or fossil fuel plants using CCS.114 This is problematic due to the high emissions associated
with the production of hydrogen from fossil fuels without CCS, also known as grey
hydrogen.115
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OVERVIEW OF RENEWABLE HEATING OPTIONS
FIGURE 3.5.1: WORLD HYDROGEN PRODUCTION AND USE ESTIMATE 2019. 116

While the low carbon hydrogen sector is currently small, ambitious targets have been set around the world. For example, the EU is
targeting 40 GW of electrolysers within the EU with another 40 GW in neighbouring countries by 2030.117
While it is well accepted that hydrogen could serve a valuable role in a low carbon future, its suitability for the heat sector is hotly
contested. The main advantages of hydrogen heating are relatively low consumer capital costs, user familiarity and the ability to
store energy for the inter-seasonal variation in heat demand. A survey from Bright Blue finds that convenience is highly important
to consumers with 84% stating heating up quickly was important and 77% finding familiarity with the heating system important.
118
On the other hand, there are concerns about hydrogen’s relatively lower efficiency and potential for higher running costs when
compared to heat pumps.
The UK government and industry is currently working on demonstration projects to evaluate the merits and risks of hydrogen
heating. The first fully hydrogen properties, named HyStreet, opened in July 2021, with the UK considering mandating hydrogenready boilers by 2026. The UK plans on scaling hydrogen heating demonstration projects with a hydrogen neighbourhood in 2023,
a village in 2025 and potentially a town in 2030.119 The Orkney Islands published their hydrogen strategy in 2019 and are targeting
50MW of electrolysis by 2045, identifying road vehicles, ferries and heat as key areas of interest. However, Orkney has a competitive
advantage over the Isle of Man at producing hydrogen having already benefited from significant EU funding and producing more
renewable energy than they consume.120
The following technology readiness levels (TRLs) are based on the IEA ETP Clean Energy Technology Guide,121 with 9 being
commercially deployed.
Electrolysis (Technology Readiness Level 8/9)
The IEA estimate that alkaline and PEM electrolysers have a TRL of 9 and 8 respectively. The electrolyser deployment and maximum
project size is growing rapidly. There was less than 1 MW of global electrolysis in 2010, which grew to over 25 MW in 2019. A 10
MW project began operation last year in Japan with 20 MW under construction in Canada.122
Reformation with CCS (Technology Readiness Level 8/9)
While the vast majority of reformation has not included CCS there are a few notable examples of projects that capture the emissions
produced. According to the IEA database of hydrogen projects, there have been seven operational steam methane reformation
(SMR) projects with CCS.123 The largest of which is Quest in Canada which captured over 4 MtCO2 in its first four years.124
Gasification with CCS (Technology Readiness Level 3-5)
The IEA estimate that biomass and waste gasification with CCS have a TRL of between 3 and 5, with coal gasification with CCS
slightly more advanced at a TRL of 5. There is a project from KEW which aims to deliver a first of a kind biomass gasification project
in the UK.125
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OVERVIEW OF RENEWABLE HEATING OPTIONS
Hydrogen heating (Technology Readiness Level 9)
Hydrogen boilers have been recently developed for operation in domestic properties and are currently operational in demonstration
projects.126 There are still trials ongoing in the UK in the Hy4Heat programme to ensure it is possible, safe and convenient to replace
natural gas with hydrogen before community trials are rolled out.127
Hydrogen distribution (Technology Readiness Level 9)
Hydrogen distribution through pipelines is a proven technology with over 4,000 km of global hydrogen pipelines, with most
deployment in the EU and US. Other forms of hydrogen distribution such as liquid hydrogen tankers and blending hydrogen into
a natural gas grid have lower TRLs121. The Isle of Man’s gas distribution network would need to be repurposed to be able to
transport hydrogen beyond low blends.
Hydrogen storage (Technology Readiness Level 9)
Hydrogen storage in salt caverns and storage tanks is a well-understood technology. There are salt cavern stores in the US and
UK with the largest holding up to 100GWh of hydrogen. Hydrogen storage in oil and gas fields or aquifers is less well understood
and has a TRL of 2-4121.

3.5.3. ENVIRONMENTAL IMPACT
Emissions from hydrogen are highly dependent on the production method and upstream emissions of the input energy. For example,
upstream fugitive methane emissions can form a significant proportion of total emissions for blue hydrogen production without strict
regulations on methane leakage rates. Figure 3.5.2 shows the lifecycle emission range for different forms of hydrogen production,
as a capture rate of 95% is assumed for technologies with CCS, the range is dependent on the upstream fuel input emissions. For
context, natural gas has a range of 198-255 gCO2e/kWh.128

FIGURE 3.5.2: LIFECYCLE EMISSIONS OF DIFFERENT HYDROGEN
PRODUCTION TECHNOLOGIES. 129

Lifecycle Emission Factor (gCO2e/kWh)

3.5.4. INVESTMENT REQUIRED AND COSTS
There are some general categories to investment and costs required for hydrogen heating, namely production, distribution, storage,
and end-use. Large scale uptake would most likely be required for any potential switching to hydrogen due to the high infrastructure
costs of this technology and to ensure network viability. This analysis evaluates the costs of roughly 20,000 natural gas customers
on the Isle of Man switching to hydrogen. It assumes that the current natural gas consumption for heating of 303 GWh remains
constant.130
The investment required for production is likely to make up a small proportion of total production costs with the CCC estimating
that electricity input makes up 80-86% of the cost of electrolysis and capital costs for steam methane reformation at 12%. For this
reason, the cost per unit of hydrogen produced is a more relevant metric with estimates of cost in the UK at £48/MWh for blue
hydrogen and £112/MWh for green hydrogen in 2025.131
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OVERVIEW OF RENEWABLE HEATING OPTIONS
Hydrogen production on the Isle of Man is likely to face higher costs due to lower economies of scale and higher construction costs.
The methodology for estimating the cost of each production method is shown, with the sources shown in the Table A.11.1 in the
appendices.
1 Green - Isle of Man costs of offshore wind developed by Arup are used and combined with CCC estimates for the cost
of electrolysis from dedicated renewables. The cost of electrolysis is increased by 11% to reflect higher costs on the Isle of
Man. The resulting production cost estimate of 11.6p/kWh is comparable to BEIS’ estimate for electrolysis from dedicated
renewables commissioned in 2025 of 11.2p/kWh (which equates to 11.3p/kWh when applying the 11% Isle of Man uplift
to the CAPEX proportion of costs). Costs of green production are expected to fall significantly with BEIS estimating a cost
of 7.2p/kWh in the UK for projects commissioned in 2040 due to increasing load factors of wind generation and cost down
of electrolysers. However, this is still unlikely to be cost-competitive with other production methods.
2 Blue - The majority of cost estimates available for blue hydrogen production are larger scale than would be required on
the Isle of Man, where we estimate a 55MW SMR would be necessary. Using BEIS’ production cost estimate for 300MW
of SMR with CCS for projects commissioned in 2025 with carbon costs removed and the Isle of Man uplift applied to the
CAPEX component results in a cost of hydrogen production of 4.8p/kWh. This is comparable to Element Energy estimates
of current costs for 100MW of SMR with CCS today at 5.1p/kWh when applying the 11% uplift to capital costs.132
3 Shipped - Central cost estimates for foreign hydrogen production from the CCC of £20/MWh are used. These are
combined with transportation costs of £23/MWh based on the assumption that the shipping proportion of the transportation
cost (roughly £3/MWh) are double those for the UK due to lower economies of scale and smaller ships. This results in an
estimate of shipped hydrogen arriving in the Isle of Man at 4.3p/kWh.
4 Pipeline - BEIS cost estimates of 1GW of SMR with CCS for projects commissioned in 2025 are used. As the wholesale
natural gas prices that MUA pay are not significantly higher than in the UK, no uplift is applied. This results in a cost
estimate of hydrogen arriving in the Isle of Man of 4.8p/kWh.
The investment needed for hydrogen distribution on the Isle of Man largely depends on the state of the gas grid, of which
approximately 79% could be suitable for transporting hydrogen.133 Even if the grid consists completely of pipes suitable for
hydrogen there are other costs such as ensuring valves and compressors are ready for hydrogen use.134 This analysis assumes that
the costs of hydrogen distribution in the pipeline scenario are the same as current gas distribution costs, which we estimate at 6.6p/
kWh based on a wholesale price paid by MUA of 1.6p/kWh and a retail price of 8.2p/kWh.135 If interconnector costs are removed,
we estimate the costs of distribution to be roughly 5p/kWh. This cost is used for the domestic blue, green and shipped scenarios. In
addition to any changes to the distribution network, services that connect the network and devices will need replacement. The Isle
of Man recently went through a similar process in converting LPG/air mixtures to natural gas with costs reported at approximately
£3,500 per property, including all work within the property (reported at about £1,200) and in the street (reported at about £2,300/
property).136
Storage investment can range from a small proportion of total costs to the largest cost in a hydrogen system. The key variable here
is the local geology, and whether there are any suitable underground stores of hydrogen such as salt caverns, which are artificial
structures that require salt deposits. Early assessment suggests that the Isle of Man has suitable geology due to being located on
a salt field, however as this remains uncertain other storage options have been explored.137 In the absence of favourable geology,
hydrogen must be stored in pressurised tanks which are incredibly expensive due to the material requirements when storing
hydrogen at high pressures. The CCC estimate that hydrogen storage in salt caverns could cost £200/MWh/year, while pressurised
tank storage estimates are much higher at £1,200/MWh/year.138
This analysis estimates that around 34 GWh of hydrogen storage would be required if the Isle of Man were to produce hydrogen
domestically to manage inter-seasonal demand. This is based on a study that states 150 TWh of storage would be required for
the UK to decarbonise gas,139 roughly 17% of demand.140 This 34 GWh could cost approximately £7 million per year if salt cavern
storage is possible, or £41 million per year if pressurised tanks are required. End-use of hydrogen will require boiler and appliance
replacement. A hydrogen boiler is likely to cost slightly more than fossil fuel boilers with Imperial College estimating costs at
£3,000 per boiler,141 although many commentators predict that this cost will fall as production scales and reach cost parity with

3.5.5. KEY CONSEQUENCES
Based on this analysis, it is expected that hydrogen would be a high-cost solution to heat decarbonisation on the Isle of Man. Due
to the low technology readiness of gasification with CCS, these production methods have been discounted from this analysis. The
analysis finds that if technically feasible, the lowest cost form of hydrogen would come from the interconnector, partly due to the
lower storage requirements. However, this scenario has some key risks such as interconnector suitability at transporting hydrogen
and the UK’s willingness to export a product that will be valuable in their own decarbonisation.
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OVERVIEW OF RENEWABLE HEATING OPTIONS
FIGURE 3.5.3: ESTIMATED COSTS OF HYDROGEN ON THE ISLE OF MAN
40.0
Price of hydrogen (p/kWh)

35.0

37.1
30.3

30.0

29.8

25.0
20.0
15.0
11.4

10.0
5.0

20.0

0.0
Green

13.2

12.7

11.4

Blue

Shipped

Pipeline - High
risk scenario

Hydrogen type
Production

Distribution

Storage (salt cavern)

Storage uncertainty range

The full set of assumptions and sources used in this analysis can be seen in Table A.11.1 in the appendices.
High gas prices, as we have seen recently with prices tripling between August and October 2021,142 have the potential to increase
the costs of the Blue and Pipeline scenarios shown. However, as this increase may be temporary, the main analysis has been carried
out using estimates based on gas prices before the spike in prices. In order to estimate the impact of high gas prices, the same
method has been used with fuel costs three times as high. This results in the prices of the Blue and Pipeline increasing to 18.2 and
18.0 p/kWh respectively (assuming salt cavern storage).

3.5.6. RECOMMENDATION
Based on the findings of this analysis, hydrogen is likely to be prohibitively expensive on the Isle of Man. It would also
require large scale adoption to make a network viable which is difficult to achieve without mandating the use of hydrogen.
There are also risks to pursuing hydrogen heating which may result in delays to decarbonisation and significant increases
in cost. These risks include:
• The domestic safety case remaining unproven
• International trade markets not developing rapidly enough
• The network requiring expensive upgrades
• Natural gas consumers switching to low carbon alternatives before hydrogen becomes available making the
economics of running a hydrogen grid more challenging
• Natural gas price increases
• The interconnector being found to be unsuitable for hydrogen
• A lack of underground storage options in the region
Any of these risks being realised could drastically increase the costs of what is already an expensive heat decarbonisation
option. This report recommends alternative solutions are pursued that are likely to have lower costs and deliver
decarbonisation with greater certainty.
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4 ANALYSIS OF IMPACTS
4.1. INTRODUCTION AND OVERVIEW OF SCENARIOS
Chapter 3 features an assessment of key technologies and fuels which have been identified as being of strategic importance to
the decarbonisation of heat, on the island and in adjacent markets. Through technical and economic analysis, and utilising the best
available evidence and data, this report has discounted the use of hydrogen heating, biomethane in the gas grid and questioned
the availability of novel biofuels. Additionally, our initial analysis suggests a role for heat networks on the island and confirms the
important role that electrical heating solutions such as heat pumps will play in reaching net zero emissions by 2050.
We believe that the take-up of these technologies will – in some combination – drive the heat transition on the Isle of Man. Whilst
the speed and take-up of the viable solutions remains uncertain and will follow from the technology cost, consumer preference, and
government policy developments, our analysis captures 3 plausible pathways to low emission heating by utilising our adaptation of
the National Grid’s Future Energy Scenario analytical framework – see Figure 4.1.1.

FIGURE 4.1.1: HEAT DECARBONISATION SCENARIOS.
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We have translated the logic of the System Transformation, Consumer Transformation and Leading the Way scenarios into the
following modelling assumptions.
The analysis focuses on decarbonising the existing building stock. As highlighted in Section 2.1.4, based on current building rates
and population projections, we anticipate that the current building stock will account for the vast majority of buildings standing in
2050, and anticipate that new-build regulations will phase out fossil fuel heating within the next 4 years. We understand that the
IoM Government are considering tightening new-build standards to encourage building low-energy and low-emission properties.
We would support this initiative as it prevents the issue of high carbon heating sources from being perpetuated.
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TABLE 3.4.2: ISLE OF MAN AIR POLLUTANT CONCENTRATIONS COMPARED TO NEW WHO GUIDELINES.

SYSTEM TRANSFORMATION

CONSUMER TRANSFORMATION

LEADING THE WAY

Regulation

Consumers encouraged to replace
fossil fuel heating systems with
low carbon models from 2025.
2050 end date for fossil fuel use in
heating.

Consumers encouraged to replace
fossil fuel heating systems with
low carbon models from 2025.
2050 end date for fossil fuel use in
heating.

Consumers encouraged to replace
fossil fuel heating systems with
low carbon models from 2025,
assumed natural gas-grid becomes
uneconomic from early 2030s,
2040 end date for oil use

Energy efficiency

Any energy efficiency measure
with a 5-year payback period or
lower is installed in the model

Measures installed with a 10year payback period

Measures installed with a 20year payback period

Heat pumps

Full upfront costs (CAPEX) with
no cost reduction

20% CAPEX reduction up to
2030

20% CAPEX reduction up to
2030

Biofuels

No constraint on supply, 5%
premium on bio-oil and biomass,
20% premium on bioLPG

No biofuel options due to lack of
supply

No constraint on supply, 20%
premium on all biofuels

Heat networks

Deployment across 18% of
housing stock

Deployment across 5% of
housing stock

Deployment across 25% of
housing stock

In addition to restricting the installation of fossil fuel heating systems in the small number of new properties built annually, our
strategy highlights the need to develop a similar restriction for heating system replacements. Based on observed consumer
behaviour, we model consumer switching decisions when heating systems reach close to the end of their assumed technical lifetime
for each property archetype over the period 2021-2050. As with technology transitions in other sectors (e.g. road transport), the
shift from fossil fuel heating to renewables is likely to take several years.
Additionally, and specific to the Isle of Man, we understand that the Pulrose CCGT will near the end of its design life in the early
2030s, and according to independent reviews, significant spending will be required to keep the power station operating. Therefore,
we understand that it is relatively likely that the plant will be decommissioned in the early 2030s. Based on our discussions with
MUA and key organisations, we understand that the closure of the CCGT plant would not necessarily lead to the gas grid becoming
uneconomic and untenable.
However, we do recognise that it is a feature of the transition that as consumers switch away from natural gas to renewable
heating, the fixed grid operating costs will be spread across a smaller set of households – pushing their energy prices up (ceteris
paribus). The following analyses this in more detail and projects an estimated natural gas price for domestic consumers. For this
reason, in our Leading the Way scenario we have modelled a 2031 backstop date for natural gas, to coincide with the estimated
date of the CCGT plant closure, and to reflect that natural gas use in heating either becomes uneconomic and/or restricted by policy.
Hydrogen is a low-carbon alternative to natural gas heating. This review has concluded that hydrogen for heat will be uneconomic
on the island, and separately, the IoM Future Energy Scenario review143 has concluded that a hydrogen-led power generation
scenario is also more expensive, we do not see a long-term role for hydrogen in the gas grid and anticipate that operating the
grid will become less commercially viable in this period as a result. As such, and under the assumption that the Isle of Man would
not want to promote the installation of natural gas boilers which need to be replaced within their economic lifetime, we have
modelled a 2025 phase-out date for the installation of new fossil fuel heating systems in retrofit and new properties. This date
is a modelling assumption but reflects our assessment that natural gas – which is already per unit of energy one of the most
expensive energy sources on the island – will become uneconomic in the 2030s. Setting such a restriction on the sale of new fossil
fuel boilers is consistent with approaches taken in adjacent markets (see Section 5 for more information), and recognises both the
value in kickstarting the transition from fossil fuels earlier (see appendix table A.10.1 for analysis of this), and also the need to
align the phase-out of new gas boilers potentially with the transition away from natural gas-led generation, as the fuel becomes
increasingly expensive.
As at October 2021, policymakers in other European markets have developed similar restrictions on fossil fuel heating systems:
• France – restrictions on installing new heating systems with emissions above certain thresholds from 2022 in existing
buildings. An implicit ban on installation of new oil boilers from 2022. Target to remove oil heating by 2028.144
• Belgium - federal ban on installation of oil-heating systems from 2035. The region of Flanders is moving quicker by
banning the installation of oil boilers in new build and major renovations.
•
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Netherlands – gas boilers banned from new-build properties from 2017.
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ANALYSIS NATURAL GAS RETAIL PRICE EVOLUTION
GIVEN BOILER PHASE-OUT OVER TIME

Context
Several Governments have developed restrictions on the sale of new fossil fuel heating systems – see Section 5 for
examples. The replacement of heating systems is a natural trigger point to promote the transition to renewable solutions
and has been modelled in the phase-out scenarios developed in this report.
For the Isle of Man, the closure of the Pulrose CCGT in the early 2030s provides an important energy milestone on the
island and significant alteration to the volume of gas consumed. It is therefore important to consider whether this event
will impact the viability of the wider gas network.
Analysis
Here, we have estimated the impact of expected fixed and variable cost changes on the retail price of natural gas for
domestic consumers over time. Gas grid operating cost data has been shared by Manx Utilities, and with wholesale
natural gas price data taken from BEIS, an estimate of fixed costs and the likely evolution of final prices per consumer
has been estimated over time.
This data suggest that the gas grid could be operated following the closure of the Pulrose CCGT plant, but that all else
equal, consumers should expect to see price increases over time (a) because of wholesale price projections for natural
gas, and (b) as fixed operating costs are spread across a diminishing pool of consumers.
Figure 4.1.2 utilises BEIS natural gas price projections, data made available by MUA to establish assumed fixed gas grid
operating costs, and the rate of transition away from natural gas use posited by the System Transformation scenario,
to estimate a long-run energy price for domestic use. All else is assumed equal. The increase in retail price is primarily
driven by the need to recover revenue from a diminishing pool of consumers.

FIGURE 4.1.2: BEIS AND ILLUSTRATIVE NATURAL GAS PRICE PREDICTIONS.

Takeaway message
The takeaway message from this analysis, is that if the Isle of Man Government supports a transition to renewable
heating systems – such as electric heat pumps – over time natural gas heating will become unviable from a consumer’s
perspective (as retail prices increase), and from a commercial operations perspective - as areas of the network become
uneconomic to service due to reduced gas demand/flows.
For this reason, this review proposes that the Isle of Man Government first restricts the sale of new fossil fuel boilers in
the mid-late 2020s, to prevent the installation of new heating systems which will become unviable within their technical
lifetime.
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4.2. VALUATION OF CARBON EMISSION REDUCTIONS
An important feature of the analysis and the costs of the scenarios featured in this chapter is the valuation of greenhouse gas
emission reductions. Our analysts have taken carbon values from the UK145 for use in the analysis, as an adjacent market with
similar policy objectives (net-zero and alignment with the Paris Agreement) and underlying technology costs. Carbon values apply
a monetary figure to each unit of greenhouse gas emitted. This approach puts a value on the social damage caused by emissions
and dangerous climate change (values the negative externality) and provides an incentive to decarbonise when used in corporate
and public policy decision-making.
These carbon values have been incorporated into the total scenario cost figures included in the report.
Following a comprehensive review, the UK Government has recently updated its approach to carbon valuation to align with the
UK’s net-zero target, and update the values based on the modelled costs of achieving that objective.146 Figure 4.2.1 compares the
updated carbon values with previous (non-traded) figures – which would have been applied to heating emissions in policy costbenefit analysis. Given that the UK and Isle of Man share the same emission mitigation target and similar technology costs, we
deem it to be appropriate to use the central series in our modelling.

FIGURE 4.2.1: VALUATION OF CARBON EMISSION REDUCTIONS.

4.3. SCENARIO ANALYSIS RESULTS
4.3.1. SYSTEM TRANSFORMATION RESULTS
TABLE 4.3.1: SYSTEM TRANSFORMATION RESULTS.

Fuel Bills vs BAU

CAPEX vs BAU

2050 Carbon Reduction
vs BAU

Cost of Carbon vs BAU

Total Cost vs BAU

£114 million saving

£135 million cost

99%

£285 million saving

£264 million saving
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The sum of fuel bills and CAPEX costs or savings against BAU for each Transformation scenario, per Section 4.3.
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BEIS (2021). Valuation of Greenhouse Gas Emissions: For Policy Appraisal and Evaluation.

ANALYSIS OF IMPACTS
The System Transformation scenario requires significant supply-side change, particularly around the development of biofuels,
where high-temperature heating solutions offer a cost-effective option for many of the older, larger, and less energy efficient
archetypes. There is a risk that the supply-side – particularly of novel biofuels – will not develop in time to meet the demand for low
carbon heating systems.
System Transformation sees an expected deployment of just over 4,000 biomass boilers in predominantly the older housing types
on the island. The deployment of biofuels is also delivered as part of a hybrid heat pump setup, with close to 8,400 homes switching
from oil heating to a hybrid air-source heat pump with bio-oil and just over 12,300 properties switching away from other fuel types
(mainly natural gas) to a hybrid air-source heat pump with bioLPG.
In addition, widespread uptake of heat networks is seen, providing 18% of the low carbon heating deployment to homes. As detailed
in Section 3.3, creating the infrastructure for district heating requires considerable investment, planning and often disruption. As a
result, this normally requires centralised and coordinated action to be taken to create the option for heating to be supplied through
this way, the type of investment-driven under the System Transformation scenario. We therefore see a relatively high level of heat
network deployment made in this scenario with low carbon heating provided to just over 7,300 households (see Figure 4.3.1).

FIGURE 4.3.1: LOW CARBON HEATING DEPLOYMENT 2050 – SYSTEM TRANSFORMATION.
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While the System Transformation would see considerably higher capital expenditure (CAPEX) than under a Business as Usual
(BAU) scenario, the spread of heat networks alongside the fabric efficiency improvements made are key contributing factors, such
that fuel bills would be expected to fall. Compared to BAU forecast fuel bills of £790 million, the System Transformation scenario
would see forecast fuel bills of £676 million across the time period (2021-2050). Although the fuel bill saving of £114million is less
than the additional CAPEX requirement of £135 million, the 99% emissions reduction creates a carbon saving equivalent of £285
million, providing a net economic gain for this scenario of £264 million.
From the consumer perspective, the average home on the Isle of Man would see an increase in the Levelised Cost of Energy (LCOE)
from £83/MWh under BAU to £110/MWh under the System Transformation scenario. This is largely because of the increased capital
investment that is required, with the average home having to spend £318 per year under the System Transformation scenario, up
from £199 per year under BAU. This is offset by a decrease in the average fuel bill that a household would face at £593 per year
under System Transformation and £693 under BAU, which is largely as a result of the lower heating consumption for the average
household at 10,975 kWh and 14,680 kWh respectively.
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The rate of uptake of the low carbon heating technologies in the housing stock is shown in Figure 4.3.2. The impact of disincentivising
the sale of new fossil fuel heating systems from 2025 is clear to see, with a drop in fossil fuel heating following this point alongside
the opposite upscaling of the low carbon heating solutions. This switch has been modelled as a percentage replacement rate per
year to reflect the likelihood of a segment of people being resistant to change and maintaining their systems in the very long run.
The implication of this is that by 2049 there is still a legacy of households still heating with fossil fuels, which provides a clear need
for further intervention to transfer the whole heating stock away from fossil fuels before 2050 if the Isle of Man is to reach net-zero
by then. These remaining systems are removed in 2050 as the end date for fossil fuel heating modelled in the scenario.

FIGURE 4.3.2: TECHNOLOGY TRANSITION PATHWAY – SYSTEM TRANSFORMATION

4.3.2. CONSUMER TRANSFORMATION RESULTS

TABLE 4.3.2: CONSUMER TRANSFORMATION RESULTS

Fuel Bills vs BAU

CAPEX vs BAU

Carbon Reduction vs BAU

Cost of Carbon vs BAU

Total Cost vs BAU

£21 million saving

£48 million cost

100%

£263 million saving

£236 million saving

The Consumer Transformation scenario takes a different approach to the System Transformation pathway which has a high
dependency on biofuels – requiring cultivation on scarce land on the Isle of Man, or imports. In addition, bio-oil and bioLPG are not
currently available in any large volumes able to meet the type of deployment outlined. Waiting for the development of these fuels
places a heavy reliance on their development and could therefore present a risk if this pathway is chosen and this development
doesn’t materialise.
The Consumer Transformation scenario therefore takes an alternative approach, focussing on technologies that are already developed
and being sold in the market. This means that all biofuel options are not considered under this scenario and an electrification route
is considered instead through direct electric and heat pumps. This sees the replacement of fossil fuel heating with 16,500 direct
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electric systems, 12,200 air-source heat pumps, and 8,200 ground-source heat pumps. In addition, heat networks take a much
more focussed role to reflect the potential for high disruption and uncertainty around technical feasibility to deploy with 2,000
households switching to a district heating (see Figure 4.3.3).

FIGURE 4.3.3: LOW CARBON HEATING DEPLOYMENT 2050 – CONSUMER TRANSFORMATION
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The Consumer Transformation has a lower capital expenditure (CAPEX) than either System Transformation or Leading the Way,
largely as a result of the higher proportion of direct electric used in this scenario. Compared to BAU forecast fuel bills of £790 million,
the Consumer Transformation scenario would see forecast fuel bills of £769 million across the time period (2021-2050). Although
there is an additional CAPEX requirement of £48 million, the 100% emissions reduction creates a carbon saving equivalent of £263
million, providing a net gain for this scenario of £236 million.
From the consumer perspective, the average home on the Isle of Man would see an increase in the LCOE from £83/MWh under
BAU to £120/MWh under the Consumer Transformation scenario. This is largely because of the increased capital investment that
is required, with the average home having to spend £241 per year under the Consumer Transformation scenario, up from £199 per
year under BAU. This is somewhat offset by a decrease in the average fuel bill that a household would face at £675 per year under
Consumer Transformation and £693 under BAU, which is largely as a result of the lower heating consumption for the average
household at 10,626 kWh and 14,680 kWh respectively.
The rate of uptake of the low carbon heating technologies in the housing stock is shown in Figure 4.3.4. Again, the impact of
disincentivising the sale of new fossil fuel heating systems from 2025 is clear to see, with a drop in fossil fuel heating following
this point alongside the opposite upscaling of the low carbon heating solutions. As in the System Transformation scenario there is a
residual level of heating still using fossil fuels by 2049 and an end-use date of 2050 is needed for the full transition from fossil fuels.
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FIGURE 4.3.4: TECHNOLOGY TRANSITION PATHWAY – CONSUMER TRANSFORMATION

4.3.3. LEADING THE WAY RESULTS

TABLE 4.3.5: LEADING THE WAY RESULTS

Fuel Bills vs BAU

CAPEX vs BAU

Carbon Reduction vs BAU

Cost of Carbon vs BAU

Total Cost vs BAU

£188 million saving

£327 million cost

99%

£372 million saving

£232 million saving

Under the two previous scenarios, although significant carbon reductions were achieved by 2050 there is a sudden jump needed to
get to net zero in 2050 and it may be that the transition away from fossil fuels needs to happen in advance of this due to economic
reasons. The Leading the Way scenario provides a trajectory for this with a 99% emissions reduction, achieved by 2040. Perhaps the
biggest difference is the end dates for the use of fossil fuels in heating that are included with a 2031 end date for LPG and natural gas
use (a modelling assumption chosen to reflect the price of natural gas becoming uneconomic as gird fixed costs are spread across a
smaller customer base), and 2040 end date for oil use (15 years after the 2025 phase-out of new oil installations). These backstop
dates provide certainty that the use of fossil fuel heating on the Isle of Man will end comfortably in time for the 2050 target. As a
result, the levels of low carbon heat are shown in Figure 4.3.5.
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FIGURE 4.3.5: LOW CARBON HEATING DEPLOYMENT 2050 – LEADING THE WAY
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There is a wide mix of low carbon heating solutions adopted under this pathway, with the availability of biofuel, increased heat
network penetration and cost-down for heat pumps incorporated to reflect what potentially could be the most ambitious pathway
for the island to achieve. Due to this rapid shift to low carbon heating methods, the increased upfront costs of these technologies
means that CAPEX would increase by £327 million compared to BAU. However, the switch to more efficient heating systems
and the improvement of the energy efficiency of buildings through the fabric first approach sees fuel bill savings of £188 million
compared to BAU. Also, the high carbon savings mean that the equivalent of £372 million is saved from the reduction in the cost of
emissions versus BAU. This sees an overall benefit of £232 million.
From the consumer perspective, the average home on the Isle of Man would see an increase in the LCOE from £83/MWh under
BAU to £139/MWh under the Leading the Way scenario. This is largely because of the increased capital investment that is required,
with the average home having to spend £487 per year under the Leading the Way scenario, up from £199 per year under BAU.
This is somewhat offset by a decrease in the average fuel bill that a household would face at £528 per year under Leading the Way
and £693 under BAU, which is largely as a result of the lower heating consumption for the average household at 7,730 kWh and
14,680 respectively. This finding implies that it may be necessary to support the upfront investment required from a government
perspective to create such a change. This is because many people simply would not be able to afford the upfront cost required, and
so to make it more palatable to households grant funding and information on how to get the technologies installed may be needed
alongside the regulation.
This is particularly the case given the potential for a “cliff-edge” for installations of low carbon heating where fossil fuel boilers
would be replaced at an accelerated rate as they become increasingly uneconomic, shown in Figure 4.3.6. This would involve
removing gas boilers in 2031 that have not reached the end of life. There should be strong consideration given alongside supportive
policy that would encourage faster rates of adoption to scale the markets sufficiently and reduce the fossil fuel heating stock ahead
of this time to reduce such a sharp drop off. This is particularly important for homes that currently are heated using natural gas or
LPG that could become exposed if a system-level decision was to be taken on the supply of gas to households on the island.
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FIGURE 4.3.6: TECHNOLOGY TRANSITION PATHWAY – LEADING THE WAY.

4.4. EMPLOYMENT IMPACTS
The transition to low carbon heating will rely strongly on the skills being in place to enable the deployment of the technologies
that are needed. Quite simply without a sufficiently skilled installer base, achieving the decarbonisation of heating on the island
will be impossible. Having the correct skill sets in place will also be important to ensuring that installs are of good quality and the
consumer view of the new technologies is favourable; general opinion will be an important factor for the pace of uptake on the
island.
There are therefore implications for employment levels on the island. The upgrading of the fabric efficiency across the island is
essentially an infrastructure upgrade and the install of low carbon heating systems, such as heat pumps, requires additional time
and knowledge compared to traditional boiler installs. With this increased labour requirement, it is expected that this transition
will be a net creator of jobs on the island, although there will be job losses in current fossil fuel heating installs these are expected
to be displaced by a higher number of low carbon heating jobs. The fabric first approach of insulation deployment will create new
jobs across all three scenarios, as shown in Table 4.4.1.

TABLE 4.4.1: INSTALLER REQUIREMENTS FOR EACH SCENARIO
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SYSTEM TRANSFORMATION

CONSUMER TRANSFORMATION

LEADING THE WAY

Payback Period

5 Years

10 Years

20 Years

Installers required: 2025
completion

4–6

79 - 133

127 - 212

Installers required: 2030
completion

2-3

30 – 50

48 - 80
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A relatively low number of installers is required for the System Transformation scenario, with a 5-year payback period, as the
measures deployed are those which are typically quick and easy to do so (loft insulation and new doors) so fewer jobs are created.
However, this number increases considerably under the Consumer Transformation scenario, with a 10-year payback period
requirement, as there is a substantial increase in the deployment of more labour-intensive solutions (solid wall insulation and
double glazing). The same holds under the Leading the Way scenario, with a 20-year payback period requirement. It is expected
that these jobs will be additional employment on the island, as they will not be in replacement of any existing jobs.
When focussing on heating, it is expected that alongside the increase in roles for low carbon heating system installers there
would be a decrease in the roles for current fossil fuel heating system installers. Between the two roles, there is a huge amount
of transferable skill, with the same underlying principles applying to installing any heating system. However, some low carbon
heating systems, like heat pumps, are more sensitive to additional considerations compared to more traditional boiler systems. This
means that there will be a degree of upskilling required for current fossil fuel installers.
In addition, it is expected that there will still be a need for some fossil fuel installers to maintain and service the existing stocks as
they are phased out, but without the need for any time spent on new installs. It is estimated that there is currently demand for around
115 fossil fuel heating installers on the Isle of Man. Under the Leading the Way scenario this number would quickly decrease with
around 55 installers remaining by 2030 and none by 2040. Under the System and Consumer Transformation scenarios, the shift
would be slower with a similar amount (55) by 2030 but then around 30 installers by 2040 and none by 2050 once the residual
stock is removed.
The expected increase in the number of jobs in low carbon heating installation and maintenance follows a similar pattern. The
Leading the Way scenario requires an average of 132 installers between 2025-2050, the System Transformation scenario requires
an average of 92 installers for the same period and this is the same for the Consumer Transformation scenario. There are also
additional implications under the different scenarios, with spikes in low carbon heating installer employment expected when the
transition from natural gas (aligned with the fuel becoming uneconomic in the 2030s) and oil (2040) accelerates under Leading the
Way, for example, as well as the 2050 end date for all fossil fuel in the System and Consumer Transformation scenarios.
Careful consideration will be needed to avoid unnecessary disruption by smoothing the deployment needed in advance of these
dates to provide long-term, stable jobs, whilst still meeting the climate objectives through a rapid transition to low carbon heating.
This could be done for example by incentivising early uptake of low carbon heating systems before these dates and providing
funding to allow people to retrain without financial penalty.

4.5. COMMERCIAL AND PUBLIC BUILDINGS
Non-domestic buildings are varied in physical characteristics and in the use of hot water and space heating, with a wide diversity
of use cases. However, consistent with homes, electricity and fuels used to supply non-domestic buildings will need to be
decarbonised to meet the Isle of Man’s net-zero target. In addition, alongside residential properties, space and hot water heating in
non-domestic buildings can be serviced by a similar range of low-temperature (electric heat pumps) and high-temperature heating
solutions (high-temperature, hybrid heat pumps, and biofuel solutions).
Our analysis utilises the UK government’s categorisation of non-domestic properties into typical demand and building types
and resultant technology solutions. Type 1 demand buildings are relatively well-suited to heat-pumps covering space and hot
water heating demand, whereas a combination of point-of-use (direct electric heating) and high-temperature heating solutions
(e.g., biofuel systems) would be better suited to covering at least part of the heat demand of type 2 and 3 properties - either in
standalone systems or in a hybrid setup.

TABLE 4.5.1: CATEGORIES OF HEATING DEMAND TYPES PER TYPICAL BUILDING USE-CASES.147
DEMAND TYPE

BUILDING USE-CASE TYPE

Type 1 demand: space heating demand more suitable for heat
pumps. Domestic hot water demand more suitable for point-ofuse or heat pumps.

Offices, multi-residential buildings, prisons, primary schools,
secondary schools, retail units, community centres, libraries,
museums, airport terminals, data centres and theatres.

Type 2 demand: space heating demand more suitable for heat
pumps. High domestic hot water demand, which may be less
suitable to be provided using point-of-use or heat pumps, and
more suitable for high-temp sources.

Hotels, hospitals, other health care buildings, restaurants.

Type 3 demand: space heating demand less suitable for heat
pumps. Domestic hot water demand more suitable for point-ofuse or heat pumps.

Retail warehouses, distribution warehouses, industrial process
buildings, sports halls.
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Further exploration of the condition and characteristics of non-domestic buildings on the island is needed to be able to develop
detailed property archetypes and ascertain which solutions are technically and economically feasible. However, building rates data
does provide an insight into the breakdown of the close-to 4,000 non-domestic properties. Figure 4.5.1 shows that just over half
of non-domestic properties adhere to the type 1 categorisation – including offices, retail units, and schools – and would typically
be more suited to heat pumps, than the remaining properties which are likely to require some form of a high-temperature heating
solution – either in a standalone system or potentially via a district heating network.

FIGURE 4.5.1: UTILISATION OF BUSINESS RATES DATA TO BREAKDOWN NON-DOMESTIC PROPERTIES ON
THE ISLAND INTO DIFFERENT DEMAND TYPES.
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From here, estimates for the associated costs of the transition can also be attributed to each type – given that we know which type
of low carbon solution would most likely be used:

FIGURE 4.5.2: TOTAL UPFRONT COST FOR NON-DOMESTIC BUILDINGS
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Our preliminary analysis indicates non-domestic properties would face around £259M worth of gross up-front costs. Annual costs
are seen in Figure 4.5.3:

FIGURE 4.5.3: ANNUALISED COST FOR NON-DOMESTIC BUILDINGS
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As with our top-down analysis of the potential for district heat on the island, numbers for non-domestic properties should be seen
as indicative rather than exact. Across all non-domestic properties (in gross terms), we expect up-front costs of around £260M
(±£50M), with the resultant fuel and operation costs totalling approximately £110M. It is important to clarify here the usage of
gross figures, rather than net. Fuel bill savings are likely to be in the region of around £200M, unfortunately however, there is a
dearth of reliable information and data on non-domestic consumption and existing systems. Clearly, gross costs will be clear overestimates of true economic costs – non-domestic properties will eventually have to replace their systems anyway at some stage.
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5 POLICY RECOMMENDATIONS
FOR HEAT TRANSITION
5.1. INTRODUCTION
This report sets out recommendations for the mix of renewable and carbon-neutral technologies for heating and hot water that will
contribute to enabling the Isle of Man to achieve its net-zero target by 2050. Figure 5.1.1 sets out several highlights, which then
identifies challenges for which policy interventions may be required.

FIGURE 5.1.1: KEY HEAT DECARBONISATION CHALLENGES

A “Fabric First” approach brings multiple benefits, including immediate carbon reductions even before low carbon heat sources are
installed and enable lower output heat sources to be used. However, this brings its own challenges such as achieving the required
level of retrofit in a relatively short window and may require policy support (such as the support to be provided through the Green
Living Grant). It may be prudent to consider whether support for more expensive measures could be made contingent on installing
reasonable fabric efficiency measures, again a concept embedded within the Manx Home Energy Audit.
Our analysis shows that Hydrogen is unlikely to be economic for the Isle of Man. The most obvious policy considerations arising
from this will be the possible consequences for gas supply on the island and upon the gas power station – and ensuring the security
of supply for heat and power, especially if commercial factors could bring forward an end date ahead on any prescribed in regulation.
Heat Networks, based on our economic, top-down, assessment appear feasible and are included in our heat transition pathways.
The effects of high upfront costs that will likely require public funding support, disruption and inconvenience from civil engineering
works, the impact of possible consumer opt-out and objection need to be considered. It may be prudent to consider whether heat
network zones, where consumers default to using district heating solutions, could be palatable.
Heat Pumps have a prominent role in our low carbon heating recommendations, either pure air or ground source heat pumps, or a
hybrid using biofuels (assuming their availability for heating). Heat pumps have a high upfront cost compared to most traditional
high carbon heating methods, which will likely require policy support for individual consumers. A significant part of the cost relates
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to the installation, and therefore policy consideration to optimise their deployment and to manage the effects on installers and the
supply chain should be considered.
Methods of ensuring that the ideal Transition Pathways are achieved should be considered. This could include setting out allowable
technologies during the Manx Home Energy Audit for each home (along with using this to take an accurate stock check of existing
systems), managing the transition from fossil fuel for heating (which we consider necessary to get to net-zero), and tailoring financial
support to incentivise consumer choices that enable the Isle of Man to achieve the objective of net-zero heating.
Whilst opportunities and co-benefits will arise from the transition to low carbon technologies for heating and hot water there
is a cost to the transition, which is estimated to range from £21m to £139m,148 which equates to between £500 and £3,400 per
property. The transition also requires changes to consumers’ expectations and behaviours, such as moving away from well-known,
but heavily polluting, technology such as gas and oil boilers to achieve these targets. To overcome these financial and behavioural
obstacles, a coherent set of policies will be required that helps and encourages consumers to make changes that are consistent with
the objective and discourages behaviours that would hinder progress.
Several principal objectives have been determined for the renewable heating strategy.

5.2. KEY POLICY AREAS
From our analysis of the existing heat systems, the ideal heat mixes given the three scenarios (System Transformation, Consumer
Transformation and Leading the Way), we have abstracted the challenges into three top-level policy areas:
100% of Heating from Renewable or Carbon Neutral Sources by 2050;
Developing a Fuel Sourcing Strategy; and
Ensure a Fair & Equitable (Just) Transition
We consider each of these areas further.

5.2.1. ACHIEVE 100% OF HEATING FROM RENEWABLE OR
CARBON-NEUTRAL SOURCES BY 2050
This simple statement generates several policy challenges alone, set out in Figure 5.2.1:

FIGURE 5.3.1: HIGH-LEVEL POLICIES TO ACHIEVE 100% RENEWABLE HEATING.
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Achieving 100% of heat from renewable sources requires a view of the ideal heating mix for the island (as set out in this report).
However, turning this ideal mix into each property owner’s next purchasing decision will not happen on its own, as demonstrated
by gas boilers being replaced like-for-like and installation of oil-based heating systems.
Three broad options exist to ultimately achieve the ideal heating mix: mandating the heating solution for each property, tilting
the economics in favour of low carbon choices, or setting out allowable options (an entirely free choice is dismissed as allowing
continued installations of oil-based heating will not achieve the target and measures to disincentivise its use at some future point
is assumed). Mandating a single allowable heating solution for each home is dismissed owing to the natural concern of consumers
that regarding government-imposed solutions and the likely backlash.
Further policy decisions are required in determining how to ensure that the allowable options are installed for each property:
Determining whether a property-level assessment (such as the Home Energy Audits to qualify for the Green Living Grant)
is required and how it is funded. This could be the vehicle for setting out the allowable options along with their pros and
cons, any dependencies or recommendations (such as installation of insulation measures), estimated costs, and how to
access any financial support for measures (or implications for going off-list).
Developing the financial support arrangements that could be used to incentivise the deployment of renewable heating
solutions. Examples are provided in sections 5.2.3 and 5.3.
Determining and communicating the timings for replacement, with associated impacts on the financial support
arrangements. Whilst the analysis has assumed a fabric-first approach, which will have an immediate impact on heating
emissions and will enable more low-carbon heating systems to meet the heat output requirement, this will also need to
balance the need to make progress with the appropriate timing for individuals.
Policy decisions are also required to create the appropriate incentive mechanisms to encourage the transition to renewable and
carbon-neutral heating. Disincentives could apply taxation to carbon-intensive heating systems, although consideration will
be needed regarding whether and how the tax could be applied to consumers who have installed heating systems previously
supported – it is considered a far easier policy to apply tax to future installations.
The success of taxation needs to be considered revenue-neutral for the government as the objective is to discourage the behaviours
that attract tax. Additionally, these mechanisms could be used as the revenue source for rebates or grants and loans to fund
incentives to encourage choosing renewable heating sources.
Incentives and disincentives need to consider residential and non-residential buildings. The relatively limited corporate tax base for
the Isle of Man may offer limited ability to encourage corporate behaviours through taxation. Concerns regarding carbon taxation
on residential properties or individuals may be addressed per the Canadian example in section 5.2.3 that is considered to be
well-received, where polluters contribute to a fund that is redistributed to all. Additional support would likely be needed to avoid
inadvertently penalising those who cannot afford to adopt lower-carbon alternatives.
Incentives may be used for many purposes:
Offsetting the (often higher) upfront costs of replacing carbon-intensive heating with low carbon alternatives
Achieving equality between different options – for example levelling cost between heat pumps and district heating
Encouraging early adopters who may then influence the majority (a mixture of incentives and disincentives may be required
to persuade the laggards)
Assuring early adopters that they will not be disadvantaged by moving early
Stimulating the market, such that it becomes self-sustaining in the longer term
Ensuring that a just transition can be achieved, where no one is unfairly disadvantaged, and the most disadvantaged can
also benefit
Incentives may also be formed of grants or loans, which can often be repaid by consumers through the longer-term savings that are
expected from many of the measures, such as reduced heating demand resulting from improved insulation, or reduced operational
cost of running a heat pump (assuming the reduced energy costs from improved Coefficient of Performance exceeds any difference
in the cost of the fuel).
Lastly, the balance of private and public funding must be considered. Private funding could be attracted through offering guaranteed
repayments, potentially underwritten by the government.
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Achieving 100% of heating from renewable and carbon-neutral heating sources will also require a managed transition to end the
use of traditional high carbon heating. These should be considered as two main policy areas:
Setting policies or communicating the need, justification and economics that disincentivises installation of any replacement
high carbon heating systems. As long as the need has been communicated and support mechanisms are in place, and
consumers can potentially choose from a range of allowable options, this policy area should be relatively acceptable.
Clearly communicating the need, justification and economics that ensures consumers are aware that all existing high carbon
heating systems will become uneconomic and should be decommissioned. This policy area could be more contentious,
especially if consumers consider that insufficient notice has been given, as this could economically strand heating systems
before consumers perceive that they have received the expected value from them. Similar concerns could affect decisions
to apply tax to previously installed heating systems.
Banning the installation of new fossil fuel heating systems may be appropriate for certain segments such as new builds, private
rental, and social housing. Owing to the importance of removing fossil fuel heating which, if not achieved, will almost certainly
mean the decarbonisation objective will not be met, we recommend that the Isle of Man reserves the right to implement bans at
future dates if policy or economic levers are insufficient to encourage the transition to low carbon heating.

5.2.2. DEVELOP A FUEL SOURCING STRATEGY
Whilst a significant proportion of the island’s heat is likely to be supplied via heat pumps, our analysis sees a role for biofuels in
either (a) providing energy in properties that are technically unsuitable for a standalone heat pump – either in a boiler or hybrid
system, and (b) used in properties which are typically hard-to-treat, energy inefficient and for which a heat pump would be costly 25% of private homes that were built before 1919 and undoubtedly are less energy-efficient on average.
However, there is recognised uncertainty regarding the availability of biofuels on the island:
Solid biomass plays an important role in the Isle of Man’s Future Energy Scenarios for power generation, and also features
in the heat decarbonisation scenarios developed under this project. We understand that there is limited sustainable
biomass available on the island (~30-60k tonnes/year). Current biomass production also suffers from concerns regarding
product quality and reliability – concerns that appear to be due to existing facilities rather than fundamental problems with
biomass.
Some varieties of bio-oil (FAME) have use-case challenges which require retrofitting current heating appliances. Whilst
promising development fuels (HVO) are supply-constrained and have competing use-cases across different sectors – such
as surface transport and aviation. Therefore, there is uncertainty regarding the types and quantities of bio-oil that could
be made available, along with questions regarding the fuel prices.
BioLPG is a fuel which is available to UK consumers,149 but in limited quantities – which means that it is currently blended
with conventional LPG. As with bio-oil, there are strategic questions regarding availability and price risks to be considered.
The UK government has published a call for evidence150 to strengthen its evidence base ahead of publishing a Biomass Strategy
that will form part of the plan for achieving net-zero. Grouped together, these reflections consider supply-side constraints and
challenges which should be considered as the Isle of Man develops its net-zero and heat strategy. The Isle of Man government
should lead a supply-side / fuel-source strategy which considers the availability of biofuels, potential electricity-grid constraints and
other low-carbon solutions featured in the heat decarbonisation strategy. This work should:
Determine the “best” or “appropriate” uses of limited biofuel resources. Through this, qualify the allowed heating pathways.
Analyse the likely availability of (a) indigenous biomass resources (forestry, miscanthus, novel feedstocks), (b) imported
biofuels (biomass, bioliquids and biogases etc). This should also consider the scenario that lower volumes of biofuels are
available on the island, and this energy requirement is replaced by other solutions (e.g. electrical heating).
Analyse the scope for the use of (drop-in) bioliquids in existing heating systems, for example, bio-oil and bioLPG.
Consider the trade-off between the drive to limit biofuel import dependency with the cost, and the ability to achieve netzero.
Develop a plan to trial any new fuels or technologies on the island and set out a timetable for decisions on the future role
of new fuels.
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5.2.3. ENSURE A FAIR & EQUITABLE (JUST) TRANSITION
Analysis shows that a combination of (dis)incentives, limits, and quotas on fossil fuel heating would be required to reach the Isle of
Man’s net-zero objectives. A principal challenge with restrictive regulations is the imposition of switching costs upon consumers and
the market which could be unpopular, politically unacceptable, and in some cases, harmful to vulnerable consumers. One means
of addressing this is via subsidies, grants and low-interest loans (with fuel savings used to repay the loan at no extra cost to the
individual) to support low carbon heating infrastructure and individual property transition. A significant proportion of the burden of
cost falls upon the government, which can be reduced through the government attracting private funding.
A government revenue collection method increasingly adopted
by nations around the world (see Section 5.3) is the imposition
of carbon taxes, a “polluter pays” system where emissions are
monetised. This has a double effect – firstly as a behavioural nudge
and incentive for consumers to reduce their emissions ahead of
regulation and secondly by raising funds which may be deployed
to fund green incentives. As noted previously, government (and
the electorate) must see such taxation neutral cost (rather than a
revenue source for the government), as success would ultimately
collect zero revenues. Care is required that these taxes do not
unduly punish those who cannot afford to switch to lower-carbon
alternatives, due to prohibitive upfront costs. The carbon tax must
also have rebates significant enough to ensure the running costs of
green alternatives are financially viable.
One such example of a carbon tax can be found in Canada. Under
this system, a carbon tax is placed on polluters, which is in turn
given as a dividend or rebate to all households. This has the real
effect of a financial transfer from those who pollute, to those who
do not. This method has proven incredibly effective, reducing fuel
use by 16% over 5 years in British Columbia - relative to a 3% rise
in other provinces151 (Figure 5.3.2). One of the issues with such a
tax is that it may unduly punish those who cannot afford to switch
to lower-carbon alternatives, either due to prohibitive up-front or
running costs.

Carbon Tax

Consumption

Dividend

FIGURE 5.2.2: INTERNATIONAL EXAMPLE OF EQUITABLE
CARBON TAX IN CANADA.

Whether carbon pricing is taken forward or not, significant concern remains over the impact of transition on consumers in fuel
poverty. Currently, 15.8% of households on the island are required to spend more than 10% of their income on heating152. Care also
needs to be given to the impact of regulation, incentives, and carbon pricing on those unable to affect changes to the properties
in which they live (for example, tenants in rented properties and asset rich/cash poor older people). One method to circumvent
unwanted effects is to means test or segment interventions - for example, grants that consider the financial circumstance of the
householder, or sector-specific (such as owner-occupier, social, private tenant). The additional administrative burden and fairness
(or perception of fairness) must be considered. Section 5.3 identifies several European grant and loan schemes that should be
considered to ensure that all members of society can participate in the transition.
It should be noted that the balance of grants and loans may change over time. For instance, early adopters could be rewarded with
grants covering a higher proportion of the upfront cost of renewable heating systems, than households switching later on in the
transition – when technology costs are expected to have fallen. This would encourage early adoption, and account for falling upfront
costs over time as the supply chain and renewable heat products mature.
The Isle of Man government should consider several policy recommendations to ensure a just transition:
Consider establishing both an upfront grant (such as the Green Living Grant) and low-interest loan to tackle the upfront
cost barrier in combination (see the French example). The Isle of Man could taper off the grant offering over time to
encourage early investment and account for renewable heating system cost-down.
Consider a levy/tax on the sale of fossil fuel boilers which, alongside available subsidies for renewable alternatives, can act
to incentivise switching at an important intervention point. The Isle of Man currently has a 5% reduced VAT rate on fossil
fuel boilers (aligned with the UK). The potential to increase this to the full rate (20%) should be investigated – noting the
agreement to align the majority of VAT rates with the UK.
Explore the opportunities to place a price on carbon potentially using taxes to incentivise switching to renewables and
to generate revenue for grants and subsidies. The revenues from any carbon pricing mechanism should be transparently
recycled to provide a dividend or social good to improve the perception of fairness and public support for the transition.
Work to target grants and subsidies so that lower-income and fuel poor households are not left behind. Consider the role
of means-tested incentives.
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5.3.

EUROPEAN POLICY EXAMPLES TO PROMOTE
LOW CARBON HEATING

Figure 5.3.1 shows the number of heat pumps installed in 2019 by country, courtesy of the European Heat Pump Association,
showing notable success in France and Italy.

FIGURE 5.3.1: HEAT PUMP SALES BY COUNTRY, 2018

Figure 5.3.2 summarises the key interventions in five markets and the main incentives for the French, Italian & German markets:

FIGURE 5.3.2: SUMMARY OF KEY POLICY INTERVENTIONS IN EU COUNTRIES
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FRENCH GOVERNMENT INCENTIVES
1. MaPrimeRenov153 (grant)
From 2021, income ceiling restrictions were removed, making the grant available to everyone. In contrast to the previous tax credit
system, it provides upfront aid. Amount: max. €4,000 depending on income, heat pump type and environmental gain.
2. Coup de pouce économies d’énergie154 (grant)
It supports the replacement of old coal, oil or gas boilers with biomass boilers or HPs. It is important to note that before the
application end date in July 2021 replacement activities significantly accelerated. Amount: €4000 (modest income households),
€2500 (other households)
3. Éco-prêt à taux zero155 (loan)
Interest-free loan without means-test or cash advance for renovation that is expected to result in at least 35% energy saving. The
beneficiary can only request it for their primary residence and the work has to be carried out by a registered constructor. It may
be combined with other subsidies. Max repayment period is 15 yrs. Amount: €7,000-€30,000 depending on the work needed.
4. VAT reduction156
If the dwelling is a primary residence and has been completed for 2 years, the renovation benefits from a reduced VAT of 5.5%.

ITALIAN GOVERNMENT INCENTIVES
1. Conto Termico157 (grant)
Even though it mainly targets public administrations, individuals and companies can also benefit from Conto Terminico focusing on
increasing energy efficiency and production of thermal energy from RES. Amount: up to 65% of the costs, but max. €5,000. Further
grant is available depending on the capacity of the heat pump.
2. Superbonus 110%158 (tax reduction)
Superbonus is for the improvement of at least 2 energy efficiency classes and increases the deduction rate for expenses to 110%
of the renovation. Heat pumps and hybrid appliances are both eligible. The tax relief can be deducted over 5 years or immediately
with a 100% discount rate. Amount: max. €15,000 - €30,000 depending on house type.
3. Ecobonus159 (tax reduction)
Ecobonus, having been the trial of Superbonus 110%, was a tax reduction for fossil and RES heating systems of existing buildings.
It could be deducted over a period of 5 years or immediately. Amount: 65% of the expenses, but max. €30,000 for heat pumps.
4. VAT reduction160
Renovations that include installing efficient fossil or RES heating systems benefit form a VAT reduction from 22% to 10%.
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Technical Councilor (2021). Eco-Bonus: 65% Deduction for Energy Efficiency (IT).
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Internal Revenue Service (2019). Tax Breaks for Energy Savings (IT).

GERMAN GOVERNMENT INCENTIVES
1. Bundesförderung für effiziente Gebäude (BEG)161 (grant)
Funding for installation of efficient heat generators that use at least 25% renewable
energy. Grant is up to 50%, but max. €60,000. From July 2021, greater financial
funding is available if 55 % of the heating energy is covered by renewable energy.
Amount: 35% (basic rate). 45% (in case of replacement), 50% (if an energy efficiency
expert is involved)
2. KFW Efficiency House162 (loan or grant)
It is available if the energy efficiency rating of the dwelling is not satisfactory after
refurbishment and further renovation is required. Amount of grant: 20%-40%
(€10,000 – €48,000)
Amount of loan: max. €170,000 with max. 25% repayment bonus
3. Förderung für Ökoheizungen im Marktanreizprogramm (MAP2020)163 (grant)
MAP2020 was available until December 2020 and covered 35% of the cost
of installing efficient heat pumps. An additional 10% is available for oil boiler
replacements.
4. Climate Action Programme 2030164 (regulation)
The price of CO2 is set at €20 / tonne in 2021 and is gradually increasing every year.
The carbon price may rise to €55-65 / tonne, making renewable energy a financially
reasonable choice. In addition, new oil central heating will be banned in buildings
from 2026.
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5.4. POLICY RECOMMENDATIONS
ACTION

SUGGESTED TIMELINE

AREA: STRATEGIC DECISIONS

£236 million saving

Decide preferred transition path (System Transformation (ST), Consumer Transformation (CT), Leading the
Way (LTW))

Early 2022

Decision to prioritise fabric first, determine target completion rate by 2030, support levels

Early 2022

Decision to rule out hydrogen as a heating option

2022

Decision to disincentivise new fossil fuel heating installs after 2025

2022

Decision to set backstop dates for ending the use of fossil fuels for heating

2023

AREA: TRANSITION PATHWAYS
Decision whether to implement allowable pathways per property, including heat network zones

2022

Commission technical assessment of heat network viability

2022

Implement process to determine property-level assessment & transition pathway

2023

Develop regulation, incentive & disincentive mechanisms to achieve target mix

2023

AREA: CAPITAL FINANCE
Develop funding strategy (public, private individual, consumer) for the transition pathways, considering,
capital projects such as heat networks, high upfront interventions for individuals (e.g. heat pumps), others
(such as lower value retrofit)

2022

Identify requirements to attract bank or private investments

2022

Agree long-term public funding requirements

2022/2023

AREA: INCENTIVES & DISINCENTIVES
Develop incentive strategy considering the balance of grants & loans for individuals, tapering down of
grants over time, affordability of loans via energy savings, implementation & tapering up of carbon taxes,
means testing, and taxation/grant fund recycling

2022

Implement grant and loan system

2023

Implement carbon taxation system

2025

AREA: FUEL SOURCING
Ensure security of supply for gas heating & gas turbine until gas usage end-date

2023, ongoing

Ensure alignment between heating and electricity supply strategies

2022, ongoing

Decide upon biofuel strategy, including preferred fuels, sources, quantities & uses

2022

Identify waste heat sources for district heating as part of district heating technical assessment

2022
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ACTION

SUGGESTED TIMELINE

AREA: RETROFIT / FABRIC FIRST
Reinforce use of Manx Home Energy Audit & Green Living Grant as a basis for understanding building &
heating stock; setting out upgrades & timeframes; communicating support mechanisms

Early 2022

Develop incentive mechanism to complete fabric upgrades early

2022

Develop skills policy to complete timely upgrades (upskill, import, prioritise)

From 2021

Complete bulk [percentage to be determined] of fabric upgrades

2030

AREA: UNDERSTANDING BUILDING STOCK
Undertake a full review of building stock, including heating systems

2022, 2023

Reaffirm low carbon heat mix

2023

AREA: COMMUNICATIONS
Commence stakeholder engagement for heating options, especially around heat networks that will be
dependent upon public support and take-up levels

2022

Explain the imperative to achieve net-zero heat for the Isle of Man

2022, ongoing

Explain the benefits of heat pumps/district heating

2023, ongoing
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APPENDICES
A.1 ARCHETYPE SUMMARY TABLE
Utilising housing survey data for the island, 1 we have categorised the residential building stock into the following
archetypes for in-depth analysis of technology options. This filtering of data and categorisation, allows our team of
analysts to develop a granular analysis of the costs and benefits of different low-carbon heating solutions for each
archetype, utilising building performance assumptions from BRE / an Intelligent Energy Europe project. 2

TABLE A.1.1: SUMMARY OF HOUSING ARCHETYPES ON THE ISLAND.

A1
A2

80

Type of Home

Age of
Construction

Renovation
Level

Area (m2)

Frequency

Single-Family Home

Pre-1918

None

198

1.86%

Single-Family Home

Pre-1918

Some

198

3.19%

Single-Family Home

Pre-1918

Major

198

0.66%

Single-Family Home

1919 - 1944

None

153

0.29%

Single-Family Home

1919 - 1944

Some

153

1.65%

Single-Family Home

1919 - 1944

Major

153

0.03%

Single-Family Home

1945 - 1964

None

134

0.23%

Single-Family Home

1945 - 1964

Some

134

2.27%

Single-Family Home

1945 - 1964

Major

134

0.85%

Single-Family Home

1965 - 1980

None

123

0.21%

Single-Family Home

1965 - 1980

Some

123

7.65%

Single-Family Home

1965 - 1980

Major

123

6.20%

Single-Family Home

1981 - 1990

None

127

0.57%

Single-Family Home

1981 - 1990

Some

127

2.01%

Single-Family Home

1981 - 1990

Major

127

1.75%

Single-Family Home

1991 - 2003

None

141

0.02%

Single-Family Home

1991 - 2003

Some

141

2.17%

Single-Family Home

1991 - 2003

Major

141

3.73%

Single-Family Home

2004 - 2009

None

149

0.16%

Single-Family Home

2004 - 2009

Some

149

1.87%

David Adamson & Partners Ltd (2020). Private Sector Housing Stock Condition Survey 2018/20.
Webtool available from: Intelligent Energy Europe.
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Type of Home

Age of
Construction

Renovation
Level

Area (m2)

Frequency

Single-Family Home

2004 - 2009

Major

149

1.50%

Single-Family Home

2010+

None

149

2.25%

Single-Family Home

2010+

Some

149

0%

Single-Family Home

2010+

Major

149

0%

Terraced House

Pre-1918

None

105

2.5%

Terraced House

Pre-1918

Some

105

8.04%

Terraced House

Pre-1918

Major

105

0%

Terraced House

1919 - 1944

None

93

0.60%

Terraced House

1919 - 1944

Some

93

3.51%

Terraced House

1919 - 1944

Major

93

0%

Terraced House

1945 - 1964

None

88

0.29%

Terraced House

1945 - 1964

Some

88

1.93%

Terraced House

1945 - 1964

Major

88

0%

Terraced House

1965 - 1980

None

85

0.59%

Terraced House

1965 - 1980

Some

85

2.49%

Terraced House

1965 - 1980

Major

85

1.36%

Terraced House

1981 - 1990

None

74

1.63%

Terraced House

1981 - 1990

Some

74

1.15%

Terraced House

1981 - 1990

Major

74

0.84%

Terraced House

1991 - 2003

None

80

0.14%

Terraced House

1991 - 2003

Some

80

3.09%

Terraced House

1991 - 2003

Major

80

4.73%

Terraced House

2004 - 2009

None

98

0.27%

Terraced House

2004 - 2009

Some

98

2.13%

Terraced House

2004 - 2009

Major

98

1.39%

Terraced House

2010+

None

98

3.38%

Terraced House

2010+

Some

98

0%

Terraced House

2010+

Major

98

0%

Multi-Family Home

Pre-1918

None

71

0.54%

Multi-Family Home

Pre-1918

Some

71

5.46%

Multi-Family Home

Pre-1918

Major

71

0.64%

Multi-Family Home

1919 - 1944

None

80

0.13%

Multi-Family Home

1919 - 1944

Some

80

0.52%
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Type of Home

Age of
Construction

Renovation
Level

Area (m2)

Frequency

Multi-Family Home

1919 - 1944

Major

80

0.05%

Multi-Family Home

1945 - 1964

None

75

0.02%

Multi-Family Home

1945 - 1964

Some

75

0.07%

Multi-Family Home

1945 - 1964

Major

75

0.06%

Multi-Family Home

1965 - 1980

None

93

0%

Multi-Family Home

1965 - 1980

Some

93

1.77%

Multi-Family Home

1965 - 1980

Major

93

0.20%

Multi-Family Home

1981 - 1990

None

106

0.28%

Multi-Family Home

1981 - 1990

Some

106

1.05%

Multi-Family Home

1981 - 1990

Major

106

0.84%

Multi-Family Home

1991 - 2003

None

116

0%

Multi-Family Home

1991 - 2003

Some

116

0.64%

Multi-Family Home

1991 - 2003

Major

116

1.34%

Multi-Family Home

2004 - 2009

None

166

0.05%

Multi-Family Home

2004 - 2009

Some

166

0.75%

Multi-Family Home

2004 - 2009

Major

166

1.58%

Multi-Family Home

2010+

None

166

1.83%

Multi-Family Home

2010+

Some

166

0%

Multi-Family Home

2010+

Major

166

0%

A.2 DISTRICT AND COMMUNAL HEAT INPUTS
Research carried out by Element Energy 3 has been used to guide the calculations for district and communal heat
costings, based on both size and heat source:
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Heat Demand Group

Max Heat Density
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Fraction of UK Heat
Demand (Cumulative)

Total LCOE (£/MWh)

1

472

1%

58

2

245

2%

62

4

182

6%

75

6

112

15%

84

8

45

30%

93

10

28

50%

99

12

19

90%

111

The same piece also details how costs levelised costs can vary by the heat generation method:

A3
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Element Energy (2015) Research on District Heating and Local Approaches to Heat Decarbonisation.
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Data was provided from the IoM government with regards to the location and type of each domestic property on
the island. From there, values for annual heat demand were assigned (based on the type of property). From here, a
minimum threshold for heat demand density was applied, to assess the viability of potential heat networks:
The creation of heat networks was carried out on a “by-hand” basis, as opposed to a more comprehensive spatial
optimisation approach – which would require more complete data, and a hierarchy of preferences and constraints
to be established prior to optimisation (e.g. cost, number of houses connected, etc.).
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Name (Location)*

Number of
Properties

Total Annual Heat
Demand (MWh)

Area (m )

Heat Demand
Density
(MWh/m2)

Alexander Drive

461

7,310

147,800

49.47

Ballasalla

208

3,250

70,600

46.07

Bucks Road

1,203

15,830

231,700

68.33

Castletown 1

335

5,450

113,300

48.14

Castletown 2

305

4,790

98,000

48.93

Castletown 3

303

3,940

75,600

52.11

Castletown 4

184

3,610

82,200

43.95

Douglas Beach 1

1,685

19,340

345,600

55.95

Douglas Beach 2

325

2,760

41,800

65.90

Hillcroft

450

7,890

136,300

57.89

Hospital

63

18,810

183,900

102.29

Onchan

560

8,530

188,000

45.39

Peel 1

668

10,850

174,300

62.21

Peel 2

516

8,360

202,300

41.32

Peel 3

592

11,080

275,200

40.24

Peel 4

219

3,910

75,000

52.17

Peel 5

40

350

2,500

138.02

Port Erin

651

9,730

241,300

40.33

Port St Mary 1

255

3,220

72,900

44.09

Port St Mary 2

182

2,920

52,000

56.17

Ramsey 1

144

1,150

10,500

108.97

Ramsey 2

275

2,460

31,600

77.73

Ramsey 3

258

2,940

39,800

73.75

Ramsey 4

825

14,080

324,100

43.44

Spring Valley

957

14,830

356,900

41.56

St Ninians Lower

91

2,590

56,300

46.08

West Douglas

199

6,290

144,600

43.49

Willaston

1,024

17,050

337,100

50.59

2
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Operating
Expenditure
(£/year)

Fuel Expenditure
(£/year)

Name (Location)*

Heat Demand Group

Capital Expenditure
(£)

Alexander Drive

6

4,409,000

65,800

204,700

Ballasalla

6

1,961,000

29,300

91,000

Bucks Road

6

9,548,000

142,500

443,300

Castletown 1

6

3,289,000

49,100

152,700

Castletown 2

6

2,892,000

43,200

134,300

Castletown 3

6

2,375,000

35,400

110,300

Castletown 4

8

2,605,000

32,500

101,200

Douglas Beach 1

6

11,661,000

174,000

541,400

Douglas Beach 2

6

1,663,000

24,800

77,200

Hillcroft

6

4,758,000

71,000

220,900

Hospital

6

11,344,000

169,300

526,700

Onchan

6

5,146,000

76,800

238,900

Peel 1

6

6,541,000

97,600

303,700

Peel 2

8

6,026,000

75,200

234,100

Peel 3

8

7,984,000

99,700

310,100

Peel 4

6

2,361,000

35,200

109,600

Peel 5

4

171,000

2,800

9,500

Port Erin

8

7,015,000

87,600

272,500

Port St Mary 1

8

2,317,000

28,900

90,000

Port St Mary 2

6

1,762,000

26,300

81,800

Ramsey 1

6

692,000

10,300

32,100

Ramsey 2

6

1,484,000

22,100

68,900

Ramsey 3

6

1,772,000

26,400

82,300

Ramsey 4

8

10,148,000

126,700

394,200

Spring Valley

8

10,690,000

133,500

415,300

St Ninians Lower

6

1,563,000

23,300

72,600

West Douglas

8

4,533,000

56,600

176,100

Willaston

6

10,286,000

153,500

477,500

Presented are collated regional maps, containing all theoretical heat networks on the island:

Douglas
Number of Networks

11

Number of Properties

7,018

Area (m2)

2,169,800

Average Heat Density
(kWh/year/m2)

87

57.00

Peel
Number of Networks

5

Number of Properties

2,035

Area (m2)

729,500

Average Heat Density
(kWh/year/m2)

88

66.79

Ramsey
Number of Networks

4

Number of Properties

1,502

Area (m2)

406,100

Average Heat Density
(kWh/year/m2)

89

75.97

South Coast
Number of Networks

7

Number of Properties

2,423

Area (m2)

805,900

Average Heat Density
(kWh/year/m2)

90

47.48

Figure A.5.1 is a flowchart giving an overview of our approach to the scenario modelling conducted:

Property Data

Energy Prices

Technology
Costs

Heat Pump

Technical

Efficiency

Constraints

Modelling

Techno-Economic
Modelling

Carbon Emission
Estimates
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Least-Cost

Up-front and

Solution per

Running Cost

Archetype

Estimates

Energy Vector

Tariff
(p/kWh)

Standing
Charge
(p/day)

Carbon Intensity
Factors
(kgCO2e/kWh)

(Column Ordered)

Natural Gas

8.20

16.90

0.1840

IoM Government, BEIS

Oil

5.00 - 5.41

N/A

0.2467

IoM Government, BEIS

LPG

8.20 - 8.27

16.90 - 19.32

0.2145

IoM Government, BEIS

Natural Gas (Fire)

9.67

6.02

0.1840

IoM Government, BEIS

LPG (Fire)

12.55

6.02

0.2145

IoM Government, BEIS

Electric (Storage
Heater)

13.35

20.00

0.3550*

IoM Government, Arup,
Gemserv

Electric (Fire)

19.68

20.00

0.3550*

IoM Government, Arup,
Gemserv

Electricity (Heat
Pump)

14.15

N/A

0.3550*

IoM Government, Arup,
Gemserv

Coal

6.21

N/A

0.3447

IoM Government, Gemserv,
BEIS

Wood Chips

3.78

N/A

0.0151

IoM Government, Gemserv,
BEIS

Heat Logs

6.67

N/A

0.0151

IoM Government, Gemserv,
BEIS

Bio-Oil

7.75

N/A

0.0038

Fuels Institute, IoM
Government, BEIS

BioLPG

9.92

N/A

0.2145†

Gemserv, IoM Government

Sources

*Electricity carbon intensity tends towards zero by 2050, in line with the planned decarbonisation of the grid on
the island.
†BioLPG carbon intensity tends towards near-zero by 2050, as increasing amounts of bio-based LPG is blended
in.
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Heating System

Installation Cost (£)

Efficiencies (COP)

Sources

Gas Boiler

1,500 – 2,000

0.90

ECO3, IOM GOV

Oil Boiler

2,100 - 2,900

0.90

ECO3, IOM GOV

Air-Source Heat Pump

5,770 - 18,270*

Varies

BEIS RHI, IOM GOV

Ground-Source Heat
Pump

7,380 – 54,130*

Varies

BEIS RHI, IOM GOV

Biomass Boilers

8,120 - 18,100

0.90

BEIS RHI, BEIS , IOM
GOV

*Heat pump costs are predicted to reduce by around 20% by 2030, due to market mobilisation.
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Measure

Value (Working Days)

Source

Yearly Working Days

236

University of Iowa

Boiler Install

3

Viessman

Boiler Service

0.5

Gemserv

Air-Source Heat Pump Install

6

Heat Pump Association

Ground-Source Heat Pump Install

10

Gemserv

Direct Electric Install

1

Gemserv

Hybrid System Install

4

Gemserv

Biomass Boiler Install

6

Enerpower

Heat Network Working Days per
Connection

17.5

AECOM

Working Days per Heat Network
Service

1

Gemserv

Type of Property

Frequency

Type

Warehouses/Stores

939

3

Offices

894

1

Shops, Banks, Retail Units

885

1

Restaurants, Cafes, Pubs, Bars, Clubs

282

2

Workshops

266

3

Hotels, Residential Homes, Holiday Cottages

183

2

Factory, Works

83

3

Schools, Colleges

66

1

Sports Halls

18

3

The categorisation of non-domestic buildings is detailed in Section 4.5:
“Our analysis utilises the UK government’s categorisation of non-domestic properties into typical demand and
building types, and resultant technology solutions. Type 1 demand buildings are relatively well-suited to heatpumps covering space and hot water heating demand, whereas a combination of point-of-use (direct electric
heating) and high-temperature heating solutions (e.g., biofuel systems) would be better suited to covering at least
part of the heat demand of type 2 and 3 properties - either in standalone systems or in a hybrid setup”.
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Two lowest levelised cost options for properties currently on non-oil and oil systems for each archetype. Property
types are SFH: Single Family Home (detached), TH: (terraced/semi-detached), MFH: Multi Family Home
(flats/apartments). The analysis is based on the Leading the Way scenario.

Archetype (property type,
property age, renovation state)
SFH, Pre-1918, no major

Two lowest levelised cost options
(2021) for archetypes currently on
non-oil systems
1st
2nd
Biomass
BioLPG Hybrid

Two lowest levelised cost options
(2021) for archetypes currently on
oil systems
1st
2nd
Biomass
Bio-oil Hybrid

SFH, Pre-1918, some renovations

GSHP

Biomass

GSHP

Biomass

SFH, Pre-1918, major renovations

GSHP

Biomass

GSHP

Biomass

Biomass

BioLPG Hybrid

Bio-oil Hybrid

Biomass

SFH, 1919-1944, some

GSHP

Biomass

Bio-oil Hybrid

GSHP

SFH, 1919-1944, major

GSHP

Biomass

Bio-oil Hybrid

GSHP

Biomass

BioLPG Hybrid

Bio-oil Hybrid

Biomass

SFH, 1945-1964, some

GSHP

Biomass

Bio-oil Hybrid

GSHP

SFH, 1945-1964, major

GSHP

Biomass

Bio-oil Hybrid

GSHP

SFH, 1965-1980, no major

BioLPG Hybrid

BioLPG

Bio-oil Hybrid

BioLPG Hybrid

SFH, 1965-1980, some

BioLPG Hybrid

Hydrogen Hybrid

Bio-oil Hybrid

BioLPG Hybrid

SFH, 1965-1980, major

BioLPG Hybrid

Hydrogen Hybrid

Bio-oil Hybrid

BioLPG Hybrid

SFH, 1981-1990, no major

BioLPG Hybrid

Hydrogen Hybrid

Bio-oil Hybrid

BioLPG Hybrid

SFH, 1981-1990, some

BioLPG Hybrid

Hydrogen Hybrid

Bio-oil Hybrid

BioLPG Hybrid

SFH, 1981-1990, major

BioLPG Hybrid

Hydrogen Hybrid

Bio-oil Hybrid

BioLPG Hybrid

Biomass

BioLPG Hybrid

Bio-oil Hybrid

BioLPG Hybrid

SFH, 1991-2003, some

GSHP

Biomass

GSHP

Bio-oil Hybrid

SFH, 1991-2003, major

GSHP

Biomass

Bio-oil Hybrid

GSHP

SFH, 2004-2009, no major

GSHP

Biomass

Bio-oil Hybrid

GSHP

SFH, 2004-2009, some

GSHP

Biomass

Bio-oil Hybrid

GSHP

SFH, 2004-2009, major

GSHP

Biomass

Bio-oil Hybrid

GSHP

SFH, 2010+, no major renovations

GSHP

Biomass

Bio-oil Hybrid

GSHP

SFH, 2010+, some renovations

GSHP

ASHP

Bio-oil Hybrid

GSHP

SFH, 2010+, major renovations

GSHP

ASHP

Bio-oil Hybrid

GSHP

TH, Pre-1918, no major

Biomass

BioLPG Hybrid

Bio-oil Hybrid

BioLPG Hybrid

TH, Pre-1918, some renovations

Biomass

ASHP

Bio-oil Hybrid

BioLPG Hybrid

TH, Pre-1918, major renovations

Biomass

ASHP

Bio-oil Hybrid

BioLPG Hybrid

TH, 1919-1944, no major

BioLPG Hybrid

BioLPG

Bio-oil Hybrid

Bio-oil

TH, 1919-1944, some renovations

BioLPG Hybrid

BioLPG

Bio-oil Hybrid

Bio-oil

SFH, 1919-1944, no major

SFH, 1945-1964, no major

SFH, 1991-2003, no major
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TH, 1919-1944, major renovations

BioLPG Hybrid

BioLPG

Bio-oil Hybrid

Bio-oil

TH, 1945-1964, no major

BioLPG Hybrid

BioLPG

Bio-oil

Bio-oil Hybrid

TH, 1945-1964, some renovations

BioLPG Hybrid

BioLPG

Bio-oil Hybrid

Bio-oil

TH, 1945-1964, major renovations

BioLPG Hybrid

BioLPG

Bio-oil Hybrid

Bio-oil

TH, 1965-1980, no major

BioLPG Hybrid

BioLPG

Bio-oil

Bio-oil Hybrid

TH, 1965-1980, some renovations

BioLPG Hybrid

BioLPG

Bio-oil Hybrid

Bio-oil

TH, 1965-1980, major renovations

BioLPG Hybrid

BioLPG

Bio-oil Hybrid

Bio-oil

TH, 1981-1990, no major

BioLPG Hybrid

BioLPG

Bio-oil

Bio-oil Hybrid

TH, 1981-1990, some renovations

BioLPG Hybrid

BioLPG

Bio-oil Hybrid

Bio-oil

TH, 1981-1990, major renovations

BioLPG Hybrid

BioLPG

Bio-oil Hybrid

Bio-oil

TH, 1991-2003, no major

BioLPG Hybrid

BioLPG

Bio-oil

Bio-oil Hybrid

TH, 1991-2003, some renovations

BioLPG Hybrid

BioLPG

Bio-oil Hybrid

Bio-oil

TH, 1991-2003, major renovations

BioLPG Hybrid

BioLPG

Bio-oil Hybrid

Bio-oil

TH, 2004-2009, no major

ASHP

BioLPG Hybrid

Bio-oil Hybrid

BioLPG Hybrid

TH, 2004-2009, some renovations

ASHP

BioLPG Hybrid

Bio-oil Hybrid

Bio-oil

TH, 2004-2009, major renovations

ASHP

BioLPG Hybrid

Bio-oil Hybrid

Bio-oil

TH, 2010+, no major renovations

ASHP

BioLPG Hybrid

Bio-oil Hybrid

Bio-oil

TH, 2010+, some renovations

ASHP

BioLPG Hybrid

Bio-oil

Bio-oil Hybrid

TH, 2010+, major renovations

ASHP

BioLPG Hybrid

Bio-oil

Bio-oil Hybrid

BioLPG Hybrid

ASHP

Bio-oil

Bio-oil Hybrid

MFH, Pre-1918, some renovations

ASHP

BioLPG Hybrid

Bio-oil

Bio-oil Hybrid

MFH, Pre-1918, major renovations

ASHP

BioLPG Hybrid

Bio-oil

Bio-oil Hybrid

BioLPG Hybrid

BioLPG

Bio-oil

Bio-oil Hybrid

MFH, 1919-1944, some

ASHP

BioLPG Hybrid

Bio-oil

Bio-oil Hybrid

MFH, 1919-1944, major

ASHP

BioLPG Hybrid

Bio-oil

Bio-oil Hybrid

BioLPG

BioLPG Hybrid

Bio-oil

Bio-oil Hybrid

MFH, 1945-1964, some

ASHP

BioLPG Hybrid

Bio-oil

Bio-oil Hybrid

MFH, 1945-1964, major

ASHP

BioLPG Hybrid

Bio-oil

Bio-oil Hybrid

BioLPG

BioLPG Hybrid

Bio-oil

Bio-oil Hybrid

MFH, 1965-1980, some

ASHP

BioLPG Hybrid

Bio-oil

Bio-oil Hybrid

MFH, 1965-1980, major

ASHP

BioLPG Hybrid

Bio-oil

Bio-oil Hybrid

BioLPG Hybrid

ASHP

Bio-oil

Bio-oil Hybrid

MFH, 1981-1990, some

ASHP

BioLPG Hybrid

Bio-oil Hybrid

BioLPG Hybrid

MFH, 1981-1990, major

ASHP

BioLPG Hybrid

Bio-oil Hybrid

Bio-oil

BioLPG Hybrid

ASHP

Bio-oil

Bio-oil Hybrid

MFH, 1991-2003, some

ASHP

BioLPG Hybrid

Bio-oil Hybrid

BioLPG Hybrid

MFH, 1991-2003, major

ASHP

BioLPG Hybrid

Bio-oil Hybrid

Bio-oil

MFH, 2004-2009, no major

ASHP

BioLPG Hybrid

Bio-oil Hybrid

BioLPG Hybrid

MFH, 2004-2009, some

BioLPG Hybrid

ASHP

Bio-oil Hybrid

BioLPG Hybrid

MFH, 2004-2009, major

ASHP

BioLPG Hybrid

Bio-oil Hybrid

BioLPG Hybrid

MFH, 2010+, no major renovations

ASHP

BioLPG Hybrid

Bio-oil Hybrid

BioLPG Hybrid

MFH, 2010+, some renovations

ASHP

BioLPG Hybrid

Bio-oil Hybrid

Bio-oil

MFH, 2010+, major renovations

ASHP

BioLPG Hybrid

Bio-oil Hybrid

Bio-oil

MFH, Pre-1918, no major

MFH, 1919-1944, no major

MFH, 1945-1964, no major

MFH, 1965-1980, no major

MFH, 1981-1990, no major

MFH, 1991-2003, no major
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Current

Average Yearly System Replacements Needed

Estimated
Fuel

Natural Gas

Household

2025 End of

2025 End of

2028 End of

2035 End of

Heating

Sale – 2050

Sale – 2031

Sale – 2031

Sale – 2050

Systems

Backstop Date

Backstop Date

Backstop Date

Backstop Date

22,559

902*

3,760

7,520

1,504*

46

190

379

76

615

2,560

5,121

1,024

31

129

258

52

Est. Number of Low Carbon
Heating Installers Required for
Replacements
Oil

15,363

Est. Number of Low Carbon
Heating Installers Required for
Replacements

* Due to anticipated increases to natural gas prices, this backstop date is unrealistic
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Item
General

Green

Value

Unit

Source

Gas demand

303

GWh

IoM in Numbers

Efficiency of gas grid

97%

%

CCC

IoM uplift for capital expenditure

11%

%

Arup

Efficiency of electrolysis

74%

%

CCC

58.4%

%

BEIS

92%

%

CCC

IoM cost of electricity from offshore wind
farm

57

£/MWh

Arup

UK cost of electrolysis from dedicated
renewables

27

£/MWh

CCC

80%

%

CCC

UK cost of 300MW of SMR in 2025 (no
carbon cost)

48

£/MWh

BEIS

Capital cost component of UK SMR cost

10

£/MWh

BEIS

Cost of overseas low carbon hydrogen
production

20

£/MWh

CCC

Cost of transportation to the UK

20

£/MWh

CCC

Shipping component of transportation cost

3

£/MWh

CCC

Load factor of new offshore wind
Efficiency of electricity grid

Blue

Shipped

SMR efficiency with CCS

IoM cost factor (shipping only)

2.0

Pipeline

UK cost of 1 GW of SMR in 2025 (incl
carbon cost)

48

£/MWh

BEIS

Storage

Proportion of storage to demand

17%

%

Edinburgh University

Cost of compressed tank hydrogen storage

1200

£/MWh/annum

CCC

Cost of salt cavern hydrogen storage

200

£/MWh/annum

CCC

UK wholesale gas prices (2019)

1.6

p/kWh

BEIS

IoM retail gas price (2020)

8.2

p/kWh

Office of fair trading

Estimated cost of distribution for IoM
production

5.0

p/kWh

Calc / IoM

Estimated cost of distribution for UK
production

6.6

p/kWh

Calc / IoM

Distribution
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Assumption

100

Item

Description

ASHP

Air-source heat pump

BAU

Business-as-usual

BEIS

UK Department for Business, Energy and Industrial Strategy

CAPEX

Capital expenditure

CCGT

Combined cycle gas turbines

CCS

Carbon Capture and Storage

Ceteris Paribus

With other factors held constant

CO2

Carbon dioxide

COP

Coefficient of performance

CURA

Communications and Utility Regulatory Authority (Isle of Man)

DECC

Department of Energy and Climate Change

DHCLG

Department of Housing, Communities and Local Government

dRHI

Domestic Renewable Heat Incentive

ECO1/2

Energy company obligation

EEA

European Economic Area

EHPA

European Heat Pump Association

ENA

Energy Networks Association

EPC

Energy performance certificate

ETP

Energy Technology Perspectives, an IEA publication

Fabric First

Principle which considers fabric upgrades prior to system change

FAME

Fatty acid methyl esters

FUEX

Fuel expenditure

GHG

Greenhouse gas

GSHP

Ground-source heat pump

HDPE

High-density poylethylene

HEFA

Hydroproecssed esters and fatty acids

HPA

Heat Pump Association (UK)

HVAC

Heating ventilation and air conditioning

HVO

Hydrotreated vegetable oil

IEA

International Energy Agency

ILUC

Indirect land-use change

IoM

Isle of Man

IPCC

Intergovernmental Panel on Climate Change

ISCC

International Sustainability and Carbon Certification

LCOE

Levelised cost of energy

LCOH

Levelised cost of heat

LGUK

Liquid Gas UK

LPG

Liquid petroleum gas

LTW

Leading the Way, one of our modelled scenarios

LULUCF

Land use, land-use change and forestry

Manx

Relating to the Isle of Man

MCS

The microgeneration certification scheme

MUA

Manx Utilities Authority

Net-zero

101

A point at which emitted greenhouse gases are negated by those
removed from the atmosphere

OPEX

Operating expenditure

PE

Polyethylene

PEM

Polymer electrolyte membrane, a form of electrolysis

PM2.5

Particulate matter smaller than 2.5μg

PM10

Particulate matter smaller than 10μg

RED II

The Renewable Energy Directive 2

SAP

Standard assessment procedure

SMR

Steam Methane Reformation

The CCC

The Climate Change Committee

TRL

Technological readiness level

WHO

World Health Organisation

WSHP

Water-source heat pump
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