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Glossary
AD

Anaerobic digestion

AQMA

Air quality management area

ARR

Additional renewable resource

ASHP ATA

Air source heat pump (air-to-air)

ASHP ATW

Air source heat pump (air-to-water)

BM

Biomass

CCC

Committee on Climate Change

CHP

Combined heat and power

COP

Coefficient of performance

DECC

Department for energy and climate change

DH

District heating

DHW

Domestic hot water

EU

European Union

ESCO

Energy services company

FiT

Feed-in tariff

GSHP

Ground source heat pump

GWh

Gigawatt hour (1GWh = 1,000MWh)

HP

Heat pump

IAG

Inter-departmental Analysts Group

IRR

Internal rate of return

kW

Kilowatt (unit of power)

kWh

Kilowatt hour (unit of energy)

LCOE

Levelised cost of energy

MW

Megawatt (1MW = 1,000kW)

MWh

Megawatt hour (1MWh = 1,000kWh)

RD&D

Research, development and demonstration

RES-H

Heat from renewable energy sources

RO

Renewables Obligation

SWI

Solid wall insulation

TWh

Terawatt hour (1TWh = 1,000GWh)

WTP

Willingness to pay
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1 Executive summary
1.1 Overview
In its fourth budget report the CCC identified the potential for
emissions reductions of 74% in buildings and 48% in industry
1
by 2030. Along with measures such as increased building
insulation and energy efficient appliances and lighting, the
deployment of renewable heating technologies is central to
2
achieving these savings. Under the CCC‟s Medium Abatement
scenario heat from renewable energy sources (RES-H)
provides around 12% of the UK‟s total heat demand by 2020
and around 35% by 2030, levels deemed achievable and
necessary for buildings and industry to make a proportionate
contribution to total emissions savings.

The CCC’s fourth
carbon budget report

This ambition requires rapid and widespread changes to the market for heating over the
next two decades. Renewable heating technologies currently represent a very small
proportion of the UK‟s heating market. Although 12% RES-H uptake by 2020 represents a
relatively small share of the total, it requires that a significant market share in new heating
equipment is rapidly achieved. This in turn requires the establishment of new industries
and supply chains, as well as changes to consumer choices of heating technology.
Achieving the 2030 RES-H ambition requires this transformation to be sustained
throughout the next twenty years.
A range of factors may stand in the way of achieving these changes. The most immediate
is the higher cost of renewable heating, as most of the relevant
technologies are more expensive than gas-fired boilers and other
incumbent heating technologies. The Renewable Heat Incentive
(RHI), a subsidy programme for renewable heating technologies
expected to launch in 2011 for non-domestic consumers and 2012
for the domestic market, is intended to provide the financial
stimulus to overcome this barrier.
While the feed-in tariff, introduced in Britain in April 2010, is
designed to support uptake of small scale renewable electricity
generation, the RHI targets the heat sector. It is worth noting that
RHI document (DECC)
purchasing choices on heat technologies differ from decisions on
whether to invest in a microgeneration system such as photovoltaics. Whereas a fit-andforget approach can be applied to PV systems, heating systems are an integral part of
people‟s lives, used on a daily basis and fundamental to comfort. The non-financial
barriers to uptake of these technologies are therefore more significant.
A central aim of this study was to identify (and where possible quantify) the barriers that
limit the uptake of renewable heating technologies. Quantified barriers were integrated into
an uptake model which predicted levels of renewable heat deployment to 2030, thus
allowing assessment of the impact of different barriers. From this we draw conclusions on
the feasibility of meeting RES-H aspirations and the supporting policy mechanisms
required.
1

Reductions relative to 2007 levels. The Fourth Carbon Budget: Reducing emissions
through the 2020s, CCC (December 2010), Chapter 5, p.195.
2
See section 2.3.2 for a list of „renewable heating‟ technologies included in this study.
1
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1.2 Conclusions
Highlights from the study are provided below, a complete set of conclusions can be found
in section 7.
The baseline includes realistic assumptions on the likely attitudes of consumers to the
costs and benefits offered by the RES-H options under currently proposed policy
intervention to promote the technologies, as well as constraints on the rate of growth of the
supply chain and the suitability of alternative technologies. This study‟s modelling suggests
that RES-H delivered from the main building-scale technologies in 2030 is around
152TWh/yr, or 25% of heat demand. The majority of this renewable heat comes from two
technologies – heat pumps (primarily air source) and biomass boilers (mainly in nondomestic buildings and industry processes).
This level of uptake depends on the implementation of a Renewable Heat Incentive,
broadly in line with the tariffs proposed in the RHI consultation. Because the sector is likely
to be constrained by insufficient supply capacity for a number of years, any delay in the
introduction of the RHI risks a reduction in RES-H delivered, particularly in the nearer term.
Even a year‟s delay leads to a 17% reduction in the amount of renewable heat generated
in 2020 (the impact by 2030 is less severe, with just a 2% drop relative to the baseline).
Furthermore, the study finds that some form of support (similar to the RHI) will be required
in the period from 2020 to 2030. This is because the costs of the incumbent fossil fuel
options continue to be significantly lower in the 2020s. The duration of the RHI is currently
3
unknown. If the current RHI ends in 2020, RES-H uptake by 2030 reaches only a quarter
of the levels in the CCC‟s Medium Abatement scenario. However, continuing the RHI from
2020 will lead to a significant rise in the subsidies required. If this proves an obstacle to
continued subsidy, government may need to consider other forms of support, such as
increasing the cost of fossil fuel alternatives to renewable heat, or mandating the use of
renewable heat technologies.
At the same time, the 152TWh by 2030 suggested by the modelling is around 30 percent
lower than that in the CCC‟s Medium Abatement scenario. This difference arises because
consumers do not find renewable heat technologies sufficiently attractive. That is, the
currently proposed RHI levels may not fully compensate for the difference between the
cost of heat faced by consumers (at high discount rates, market energy prices, and
including various barriers) and the “social” cost of carbon abatement used to derive the
4
Medium Abatement scenario. An important source of the difference is the high discount
rate consumers apply to the purchase of energy-consuming durables.
While the majority of the 2020 ambition for renewable heat is expected to be met from
uptake in the non-domestic sector, meeting longer term aspirations will require the use of
RES-H also for domestic heating. In a scenario with no RHI support for domestic
consumers RES-H by 2030 is less than 40% of the baseline value (which includes
domestic RHI support).
The experience with renewable heat in the UK is very limited, and projections have to be
undertaken against a backdrop of very limited historical evidence. The uncertainty about
future developments therefore is high. We have used scenarios to analyse this uncertainty,
3

At the time of writing the Government has committed to providing financial support for the
RHI to 2015.
4
See section 5.1.2 for a discussion of the difference between this study‟s methodology
and previous approaches.
2
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and find a large range of potential outcomes. A “best case” scenario where there are few
barriers leads to RES-H uptake to a level at 160% of the CCC 2030 ambition, while a
“worst case” scenario with restrictive barriers (but including an RHI) leads to uptake at just
7% of this level. This suggests that:
a) The RHI is not guaranteed to succeed – it is uncertain that a financial subsidy
alone is sufficient to cause the mass market take-up of the technologies in
question.
b) The cumulative effect of the barriers identified here has the potential to
undermine the CCC‟s RES-H ambitions (even with an RHI in place), and where
feasible, additional policy measures to mitigate barriers are desirable.
Particularly important barriers include:
The performance and costs of heat pumps will need to improve dramatically for this
technology to play a full role. Average seasonal coefficients of performance (COPs) need
to reach around 3.5 by the middle of the next decade for air source heat pumps to achieve
the take-up required in the domestic sector under the CCC scenarios. Recent trials by the
5
Energy Saving Trust suggested a performance between 1.2 and 3.0 for domestic ASHPs.
There is also a requirement for cost reductions of around 40% by 2030. Experience from
elsewhere in Europe suggests that improved performance is feasible, particularly when
heat pumps are used in conjunction with low temperature heat distribution systems. Other
European countries have used installer certification schemes and subsidies linked to the
performance of installed units to ensure higher COPs. This evidence suggests that heat
pumps could play a significant role in realising UK RES-H ambitions and justifies increased
RD&D support for new lower cost, higher performance heat pump systems.
There is also a clear need for heat pumps to penetrate the retrofit market, where they
currently struggle as existing buildings require higher temperature heat than can be
delivered efficiently by heat pumps. This suggests that mandating lower temperature
heating systems for new build and major refurbishment (as has been done in Sweden)
would help to ensure heat pump compatibility in future. It also backs up efforts to improve
the energy efficiency of the existing stock as a pre-cursor to heat pump rollout (energy
efficiency programmes reduce the heating requirement for a typical domestic building).
High growth rates in the biomass and heat pump sectors will be needed to meet medium
and long-term RES-H ambitions. Growth rates in annual sales of approximately 50–60%
per year on average for the next decade are required. This is at the upper bound of
European experience in the RES-H sector. This high growth has a number of policy
implications, notably the importance of providing long-term confidence in the market
to allow continued investment in supply chains (through long-term subsidy or other
interventions). Achieving the 2030 ambition requires looking beyond 2030. Investment in
continued supply capacity growth up to 2030 will only take place with assurances of
continued market demand beyond 2030. An additional implication of the high growth is the
importance of supervising the market to ensure that quality is maintained, through
certification schemes and other programmes.
Low cost biomass is another key requirement for achieving the CCC‟s ambitions.
Calorific costs close to those of natural gas are needed to ensure the biomass component
of the CCC‟s aspirations for RES-H can be achieved. Development of a low cost and
5

The stated reasons for COP values below expected levels in the trial includes incorrectly
sized systems and poor installation practices. See section 8.7.1 for further details.
3
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stable biomass supply system is therefore a key priority for the early years of the RHI.
Biomass needs to become a commodity, with the same reliability of supply as fossil fuels
such as heating oil. This will need to focus on resilience and quality as well as the raw cost
of the product, to improve the dependability of the supply chain. In the longer term, there
will be a need for an increase in biomass supply from UK sources or development of an
international supply chain to fully realise the potential for biomass to reduce CO 2
emissions in the heating sector.

1.3 Policy implications
The study reveals a number of policy implications:

6

1. Policies will be required to support the RES-H sector beyond 2020. Given that
suppliers need to invest in their supply chains, action now to develop the policy
framework for this period is recommended. Without certainty around the long-term
future of the renewable heat sector, ambitions for RES-H uptake will not be met.
2. The RHI appears to be set at the right level to stimulate uptake of RES-H, though
there is a risk that uptake does not reach the high levels envisaged for 2030.
7
There are many uncertainties around how it will proceed in practice. Achieving
the CCC‟s Medium Abatement scenario ambitions requires a rapid
implementation of the policy in all sectors (i.e. including domestic). This will
allow time for development of the policy and initiate the rapid supply chain
expansion which is needed in the key sectors.
3. Given the high uncertainty about future developments, continuous monitoring of
progress will be important. Policy needs to adapt as more information about the
market response becomes available.
4. In addition to the ongoing support provided by the RHI, further support measures
may be required to overcome the high capital cost barrier for renewable
heating technologies, particularly in the domestic sector. Inclusion of RES-H
options in the Green Deal‟s financing scheme is one way to overcome these
concerns. More generally, paying subsidies up-front could reduce the net present
value subsidy cost substantially.
5. There is a case for investing in RD&D activities aimed at: improving the
performance of domestic heat pumps, the compatibility of heat pumps with the
existing stock and reducing the cost of heat pump systems. Other RD&D needs
exist in developing reduced cost and smaller scale biomass CHP systems and in
improving the efficacy of biomass fuel supply chains (e.g. new quality standards).
6. Government-backed technology trials are needed to reduce the uncertainty
about how key technologies perform in the UK heating market. Without consumer
confidence in RES-H technologies, uptake risks falling short of the levels
envisaged.
7. Consumer confidence can also be promoted by ensuing a high standard of
installation of RES-H technologies. Government can promote this through
certification schemes (e.g. the Microgeneration Certification Scheme) and linking
subsidies to achievement of minimum performance standards (e.g. biomass
combustion efficiencies and heat pump COPs).
6

A full set of conclusions and policy recommendatiosn is provided in section 7.
RHI levels used in this study were taken from the initial RHI consultation document
(February 2010) for the domestic sector and Renewable Heat Incentive document (March
2011) for the non-domestic sector.
7
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2 Introduction
2.1 Context
The Committee on Climate Change is an independent body that advises the UK
Government on setting and meeting carbon budgets, and preparing for the impacts of
climate change. As part of its work on the fourth budget period (2023–2027) the CCC‟s
Medium Abatement scenario includes around 35% penetration of renewable heating
8
technologies by 2030. Achieving this will require deployment of the full range of
renewable heating technologies in the domestic, commercial and industrial sectors.
Demand for heat accounts for 77% of total UK energy demand (excluding transport), and
9
heat is estimated to represent around 84% of total energy demand in the domestic sector.
Uptake of renewable heating technologies to date has been low, primarily due to higher
costs relative to incumbent (fossil fuel based) technologies, compounded by lack of
awareness of or trust in the relevant technologies. The Renewable Heat Incentive, due to
come into effect in Great Britain in 2011, is designed to provide sufficient economic
incentive to stimulate the market for renewable heating technologies. However, various
non-financial barriers exist that could restrict the uptake of these technologies and
therefore result in a failure to deliver the full renewable heat ambition.
This study investigates the barriers that could restrict the deployment of renewable heat
technologies, covering a broad range of factors including economics, technology suitability
and performance, supply-side restrictions etc. As well as discussing barriers qualitatively,
this study has modelled their impact, and as part of this exercise investigates the extent to
which current and proposed policies could overcome the direct financial as well as “hidden
10
and missing” costs of renewable heating technologies.
This contributes to the
understanding of the risks of failing to meet targets for emissions reductions or renewable
energy deployment, and assists in developing policy implications.

2.2 Aims of study
The principal aims of the study are to:


Identify and where possible quantify barriers acting to restrict the uptake of
renewable heat technologies.



Provide projections of the penetration of renewable heat to 2030 under existing
and proposed policies.



Assess how the barriers in each sector will affect uptake and thus identify policy
implications, including additional actions that may be required to reduce the risk of
failing to realise ambitions for the use of renewable heat.

8

I.e. around 35% of projected heat demand in 2030 is met by renewable heat
technologies on an additional renewable resource (ARR) basis – see section 8.3.7 for
further details.
9
Based on 2008 data. From DECC: Secondary analysis of data from the Digest of UK
Energy Statistics. www.decc.gov.uk/en/content/cms/statistics/publications/ecuk/ecuk.aspx.
10
This work was commissioned to feed into the review of the level of renewable energy
ambition being undertaken by the CCC (due in April 2011) and to inform the CCC‟s third
annual report to Parliament.
6
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2.3 Overall methodology
2.3.1 Approach
This study follows extensive prior work into the potential for renewable heat in the UK, for
example in support of the design of the RHI and evidence for the CCC‟s fourth budget
11
report. The purpose of the current project has not been to replicate previous studies, but
to provide new insights into the impact of different barriers to the uptake of renewable heat
technologies, and to extend and make explicit the quantitative estimate of these barriers.
The overall approach is represented schematically below.
Compile a comprehensive list of
barriers to the deployment of
renewable heat technologies

Develop simple cost / uptake
models for renewable heat
technologies in the UK

Assess current financial
incentives

Review international
experience to capture
lessons relevant for the UK

Recommended research,
development &
demonstration activity

Analyse non-financial instruments

Recommend and
assess new policies
/ instruments
Identify policy gaps

Figure 1: Project approach schematic
The first stage of the project involved compiling a comprehensive list of barriers inhibiting
the deployment of renewable heat technologies. This was done through an extensive
literature review and focused consultation. The barriers identified were where possible
quantified based on a combination of expert judgement, published data, and scenariobased sensitivity testing.
In parallel, simple uptake models for renewable heat technologies were created. The
models contained an assessment of the technical potential of each technology, and cost
11

The UK Supply Curve for Renewable Heat, NERA and AEA for DECC (July 2009).
Design of the Renewable Heat Incentive, NERA for DECC (February 2010).
Decarbonising Heat: Low-Carbon Heat Scenarios for the 2020s, NERA & AEA for the CCC
(June 2010).
7
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and performance data. Together, these data define the economic performance of each
technology for each consumer type. Consumer choice behaviour is represented through
„willingness to pay‟ curves, expressed in terms of the percentage of decision makers
willing to purchase a technology for a given simple payback period (see section 8.3.1 for
further details).
The flexible cost models developed allowed assessment of the impact of quantified
barriers and incentive schemes on uptake of renewable heat. The quantitative modelling
was supplemented by a review of international experience in deploying renewable heat
technologies to inform recommendations on new policies required.

2.3.2 Scope
This study is concerned with the uptake of renewable heat technologies in the domestic,
commercial and industrial sectors. The following technologies are included:


Air source heat pumps (ASHPs)



Ground source heat pumps (GSHPs)



Biomass boilers (both pellet and chip fuelled)



Solar thermal



Biogas (biomethane injection into the gas grid and biogas combustion)



Biomass combined heat and power



District heating

Assessment of the impact of barriers is different for biogas, biomass CHP and district
heating relative to the other technologies because they represent a different form of
investment decision. Full details of the methodology are provided in the appendix, section
8.1.

8
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3 Background on “barriers” to renewable heat
3.1 Conceptual overview of barriers: overview12
The concept of “barriers” to uptake of energy-related purchases has been the subject of a
wide literature, with much of the focus on energy efficiency. The terminology sometimes
differs, and barriers often are discussed as “transaction costs” – a general label for a range
of different auxiliary costs that attend to the purchase or use of energy-related products.
Yet another label often used in the literature is “hidden and missing” costs, a denomination
originating from the observation that these costs often are omitted from engineeringeconomic assessments of the cost of energy conservation or fuel savings, but that they
nonetheless can significantly influence consumer or investor uptake of measures.
In this section we provide an introduction to the main barriers relevant to renewable heat.

3.2 Technology suitability
Economic considerations aside, a significant restriction on the uptake of renewable heat is
that the relevant technologies may be unsuitable for some heat demands, issues include:


Inability to produce the required grade of heat (e.g., heat pumps are incapable of
producing high-temperature heat).



Lack of space (e.g., for ground-source heat pump collectors, biomass fuel stores,
etc.).



Poor performance (e.g., limited output from north-facing solar thermal, or poor
coefficient of performance from heat pumps in poorly insulated houses or high
temperature heating systems).



Infrastructure and resource availability (e.g., absence of suitable injection points
for biogas injection, lack of required electricity infrastructure to support widespread
heat pump deployment, etc.).



Negative local environmental impacts (e.g., heat pump noise in densely populated
areas, or air pollution from biomass in areas with low air quality).

As the discussion below makes clear, the line between suitability and other barriers is
blurred. For example, poor performance can in some cases be expressed instead as
higher costs or lower quality of service, while higher financial compensation may overcome
some local environmental effects. In the context of this project, it thus is necessary to
distinguish between absolute restrictions on the uptake of a technology for particular enduses on the one hand, and barriers which can be overcome through additional capital
expenditure or financial compensation to end-users, on the other. We provide further
details on our approach to this in subsequent sections.

3.3 Supply capacity
For technologies starting from a low base, the lack of capacity to meet potential demand
can be relevant. Supply chain development involves initiating or expanding businesses in
the areas of:

12

This section draws on previous work by NERA for the CCC and for the European Bank
for Reconstruction and Development.
9
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System design – specifying renewable heating systems requires particular
expertise.



Manufacturing / importing – new businesses are needed to supply the hardware,
which could be manufactured in the UK or may be imported.



Sales and distribution – less likely to be a limiting factor as existing supply chains
already serve the heating market.



Installation – retraining of plumbers / heating system engineers will be required to
facilitate widespread renewable heat uptake.

Although there is a limit on how fast an industry can grow, it often is difficult to disentangle
this from demand-side factors when looking at historical industry growth rates.

3.4 Time discounting
Another fundamental barrier to the uptake of renewable heat is financial. The costs and
benefits often look worse than for the incumbent heating technologies, notably fossil fuel
boilers.
This barrier can be overcome through measures to redress the balance – making
conventional heating technologies more expensive, or subsidising renewable heat
technologies. In assessing this, a key aspect is that the timing of costs and benefits of
renewable heat technologies differs from that of conventional technologies. Renewable
heat technologies typically involve higher initial capital expenditure, which is sometimes
but not always offset by lower energy cost in the future. This characteristic applies to heat
pumps (provided the coefficient of performance is sufficiently high), solar thermal, and
biogas. In the case of biomass, both up-front and ongoing costs are often higher.
This is illustrated in the figure below, which shows the balance of up-front and ongoing
cost of selected renewable heat and conventional heating technologies.

Comparison of up-front and ongoing costs for
selected heating technologies in a typical UK house
Domestic oil boiler 12kW
Domestic gas boiler 12kW

Domestic GSHP 6kW
Domestic biomass (pellet) boiler 6kW
0
Up-front cost (£)

5

10
15
Cost (000's £)

20

Lifetime ongoing cost (£)

Figure 2: Up-front and undiscounted ongoing cost for heating technologies

13

Each technology in the figure above is sized to meet the same annual heat load.
Conventional fossil fuel boilers are characterised by relatively low up-front costs, and
13

Based on domestic gas price of 4.2p/kWh, oil price of 5.8p/kWh (60p/litre), electricity
price of 10.3p/kWh and biomass pellet price of 5.5p/kWh. Assumed efficiencies are: oil
boiler = 90%, gas boiler = 94%, GSHP = 375% (COP = 3.75), biomass boiler = 85%.
10
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higher ongoing costs. Renewable heat technologies represent a much more significant
capital investment. The biomass boiler compares particularly poorly, with high up-front
costs and high ongoing costs due to the fuel requirement.
This cost barrier means that the extent to which consumers are willing to incur higher upfront costs in exchange for future savings on energy expenditure or revenue from future
subsidies is a key determinant of the propensity to adopt renewable heat technologies.
Generally referred to as time “discounting”, this can be expressed in a number of ways
(e.g., through discount rates, or through “payback” requirements). High discounting results
in a significant barrier to the key technologies under discussion.
Closely related to this is the concept of a “hurdle” rate, i.e., a minimum rate of return
required by consumers or investors in order to purchase a product or undertake a project.
Although similar to discount rates, hurdle rates are a more general decision rule that may
capture many different factors besides the time structure of costs and revenues – including
risk and “hidden and missing” costs. This makes it difficult to separate discounting and
other barriers, which we discuss in more detail in the appendix, section 8.4.

3.5 Institutional factors
A number of institutional factors contribute to high (effective) discounting in the context of
energy-using durables such as heating equipment. They have in common that the party
responsible for the initial purchase may not be in a position to fully benefit from the
resulting future savings or revenues. There are three main aspects of such “misaligned
incentives” that are particularly relevant to renewable heat. These are discussed below.
First, homeowners forego future benefits when they move house (we refer to this as the
“tenure” barrier). In the UK household sector, average tenure for owner-occupiers is seven
years, but anecdotal evidence suggests that many home owners expect to move within a
shorter time frame. The problem would be mitigated if the seller of a house could
reasonably expect that future savings would be incorporated in the sale price of the house,
but this is highly uncertain and we regard it as unlikely. In economic terms, the problem
here is one of incomplete contracts (a form of market failure) in the property market. The
impact is that many consumers may be unwilling to invest in a technology for their home
unless they can be “paid back” quickly (or equivalently, expect a very high rate of return
14
over the limited lifetime over which they capture the benefits).
A related consideration is the “landlord-tenant split” that is often cited as an institutional
barrier to energy efficiency measures. The issue here is that the landlord typically would
be responsible for the initial capital outlay, but may not be able to expect to (fully) recoup
the cost through higher rents. The market failure here is incomplete contracts in the
property rental market. As with the tenure barrier, the effect is to limit the extent to which
the party incurring the initial cost can appropriate the benefits.
A similar issue can arise within organisations, as budgets for capital expenditure often are
distinct from those of operating expenditure (including energy cost). The organisation
therefore may not have the institutional setup that would enable the trade-off between upfront cost and subsequent savings that in turn is required to make investments in
renewable heat. This situation arises because of transaction costs, in the sense of the
14

In fact, there may even be a concern that an unconventional heating system could put
potential buyers off when they come to sell, reducing the value of the property. There is
little evidence about attitudes in this respect, but it is a risk that may influence the initial
purchase decision.
11
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limitations imposed by organisational structure, which may or may not reflect market
failures in the conventional sense.

3.6 Hidden and missing costs
A further broad category of barrier is what may be termed “hidden and missing” costs,
broadly defined as costs (or disbenefits) associated with the adoption of a technology but
which are not necessarily captured in capex / opex estimates, and therefore also not in
engineering-economic assessments.
Key categories of hidden and missing costs can include:


Reduced level of service or inferior quality of energy service received (e.g., lost
comfort from lower peak heat output, less flexibility in heat generation, etc.).



“Hassle” or amenity costs (e.g., the value of lost space, noise, lost aesthetic
amenity, damage to facilities such as gardens, etc.).



Time costs, e.g., associated with overseeing installation, taking fuel deliveries, etc.



Disruption to production, calibration, or other engineering-related costs.

Obtaining values for these costs is notoriously difficult even in cases where the
technologies are in widespread use (such as insulation and other energy efficiency
measures), and harder still for renewable heat technologies, which have very limited
deployment in the UK. We detail our approach to such estimates on a case-by-case basis
in section 4.
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3.7 Regulatory and administrative costs
The adoption of renewable heat technologies also may be associated with various
additional regulatory or other administrative requirements. The relevant costs here are
those that are additional to those that would anyway be incurred when buying and using a
conventional heating system. Relevant categories include:


Project development costs: business plans, feasibility studies, and related
activities.



Search / information costs: the time and effort expended in acquiring
information, finding suppliers, conducting negotiations, and related activities. (This
also may include the cost of external expertise).



Policy costs: costs incurred in the process of obtaining support from the
renewable heat incentive or other relevant policies, such as time and effort
required to find out about policy requirements; installing meters and complying
with monitoring, verification, and reporting protocols; and time costs of applying for
support.



Regulatory costs: other costs arising from regulatory requirements, such as time
required or fees payable to obtain permits or licenses, such as planning
permission.

3.8 Risk and “confidence”
Conventional fossil fuel boilers are a mature technology with a track record of predictable
performance. Coupled with the widespread and reliable availability of the required fuel
inputs (notably, the widespread coverage of the UK gas network), and consumer familiarity
with the relevant technologies and their implications, renewable heat technologies have to
displace a (perceived) low-risk alternative option.
By contrast, the viability of renewable heat technologies is influenced by a number of
factors that may be uncertain and therefore reduce consumer confidence in the
technology. Several of these factors are relevant for key renewable heat technologies and
applications. For example, the seasonal average coefficient of performance that can be
expected from heat pumps in UK housing stock is uncertain, and many potential adopters
of the technology would face the risk that the savings on opex that could offset the higher
15
initial investment in fact are not realised.
Similarly, some early adopters of biomass boilers have found that fuel supplies have been
unreliable or of very volatile cost, creating a downside risk where at worst significant
additional cost must be incurred to maintain a reliable heat supply. By contrast, although
fossil fuel boilers face fuel price risk, their performance and fuel availability is virtually
assured.
Itemising the risks faced by each technology in a given end-user application is difficult and
may not be possible even with a detailed appraisal. As a practical matter, consumers
therefore may apply simplified decision rules to compensate for risk, such as higher hurdle
rates, shorter requirements for payback periods, or similar concepts. We discuss this in
section 4.2.2 below.

15

For a more detailed consideration of heat pump performance see section 8.7.
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3.9 Awareness
Limited awareness of technologies is sometimes cited as a barrier to energy-related
technologies. The barrier typically is mentioned in contexts where engineering-economic
assessments suggest that there are large gains to be had from taking up a technology
option, but there is little tendency among consumers to do so.
Literature on technology diffusion often suggests an “S-curve” pattern of adoption of new
technologies, with slow uptake by early adopters, a subsequent phase of fast growth, and
16
a tail end of “laggards”. This is more by way of a stylised fact or empirical regularity than
a well-understood process.
Moreover, the importance of lack of awareness is hard to assess empirically. It is difficult
to assess whether consumers‟ lack of uptake is due to lack of awareness or in fact a
reflection of other factors, such as hidden and missing costs, lower performance than
suggested by theoretical models, lack of confidence / risks associated with the technology,
etc. However, some survey evidence appears to suggest that, in the case of energy
efficiency measures such as insulation, there are some persistent misconceptions about
cost and other key factors such as the relative merits of alternative options.
In the case of renewable heat the importance of awareness is still more uncertain than for
energy efficiency measures. On one hand, many of the relevant technologies currently
have very low penetration in the UK. On the other hand, experience from other countries
(more on which in sections 6 and 8.8) suggests that there can be relatively rapid swings
towards renewable heat technologies when their financial viability is demonstrated. One
relevant factor is that the purchase of heating equipment is often not discretionary, but
instead occasioned by the need to replace other equipment at the end of its life. There
thus is a natural decision point at which consumers seek advice and have occasion to
carefully consider options for what is often a significant capital expenditure. This is in
contrast to insulation and other energy efficiency measures, for which there often is no
corresponding natural decision point.

16

It should be noted that the S-curve reflects numerous factors (not just awareness),
including price reductions due to economies of scale, income growth etc.
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4 Barriers to renewable heat and modelling
implementation
An important part of this project is to quantitatively model the uptake of renewable heat.
The diagram below illustrates the modelling structure employed.

Figure 3: Cost / uptake model structure and barriers types (shown in red)
The modelling is based on a representation of consumer choices of heating technologies,
subject to constraints on resources, supply capacity, and other factors. The model is
segmented to represent different technologies as well as consumer groups, each of which
may face different cost, barriers, and other constraints on the adoption of renewable heat
technologies. A more detailed description of the model can be found in the appendix
(section 8.1).
Barriers are represented in the model through three main approaches:


Restrictions on supply and demand. These include the rate at which new
heating equipment is purchased, the share of heat demand and different end-user
applications that are suitable for different technologies, and the total available
supply potential and rate at which this can grow over time.



Time discounting. We represent end-users‟ approaches to the trade-off between
up-front and ongoing costs and benefits through “willingness-to-pay” (WTP)
curves, introduced in more detail below.



Cost impacts. We also explicitly represent selected barriers through adjustments
to capital and operating costs.

We then investigate the significance of different types of barriers and capture uncertainty
about their magnitude through scenario analysis.

15
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4.1 Cross-cutting barriers 1: aggregate supply and demand
barriers
4.1.1 Market size
Heating system turnover rates
Consumers generally make decisions on building-scale RES-H technologies as a result of
a need to replace their existing heating system. This stock turnover rate restricts the longterm rate at which RES-H technologies can penetrate the market. We assume a 15 year
17
boiler life for heating systems in buildings.
It is possible for technological changes or policies (such as the Boiler Scrappage
18
Scheme ) to temporarily increase heating system turnover rates and cause end-users to
accelerate the depreciation of existing stock. However, over a longer period system
lifetimes are a fundamental limiting factor on the rate of renewable heat technology uptake.

Awareness of renewable heat technologies
In addition to the stock replacement rate, we also model the possibility that the number of
consumers that consider renewable heat technologies is only a subset of the total making
heating system purchases. We refer to this as “awareness”, and correspondingly a lack of
awareness of renewable heat technologies is a potential barrier to uptake.
In the modelling we reflect this through an “awareness factor”, which acts to restrict the
number of consumers considering a renewable heat technology in the early years. This is
combined with a diffusion parameter, which increases the share of consumers that are
aware of the technology as a function of total penetration.
The baseline includes no awareness barrier, i.e., all consumers making heating system
purchasing decisions are aware of the full range of choices available. The awareness
barrier was modelled by altering the initial proportion of the population aware of renewable
19
heat technologies (to 50%, 25% and 10% for low, medium and high scenarios).

4.1.2 Suitability
Not all renewable heat technologies are suitable for all end-user applications. We therefore
restrict the share of heat demand that can take up renewable heat options further by
applying suitability factors which restrict the proportion of decision makers in each
20
consumer category that may install a given renewable heat technology.
The suitability factors are a key part of our assessment of barriers, incorporating a range of
factors. The numbers used are based on a previous analysis by NERA and AEA, based on

17

Bio-gas generation, by contrast, is represented as an „opportunistic‟ investment, mainly
constrained by availability of resource.
18
The scheme was administered by the Energy Saving Trust, see:
www.decc.gov.uk/en/content/cms/what_we_do/consumers/saving_energy/boiler_scheme/
boiler_scheme.aspx.
19
There are limited data on consumer awareness of renewable heat technologies. One
source is an Energy Saving Trust study: At home with energy, (2010), which suggests that
c.35% of people had not heard of solar thermal, and 55% had not heard of GSHPs.
20
Details of the suitability factors used are given in the appendix, section 8.3.6.
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a detailed characterisation and segmentation of heat demand and mapping onto
21
technology applications. Broadly speaking, the factors fall into three main categories:






Grade and quality of heat. This refers to the match between end-user
requirements with the temperature and quantity of heat that the technology can
produce. Prominent limitations to suitability include:


Biomass in industry. On the one hand, no renewable heat technology except
biomass or biogas combustion is suited to producing high-temperature
process heat. On the other hand, not all industrial processes can use
biomass, with limitations including very high temperature requirements, purity
of combustion, or the need for precise temperature control.



Heat pumps in buildings. Heat pumps work best when the output temperature
is lower. This makes them unsuitable for buildings with high thermal
demands. This is reflected across all buildings types, with the most notable
restriction being that heat pumps are deemed unsuitable for uninsulated solidwall houses (other houses are assumed to be insulated).

Space requirements. Several renewable heat technologies require more space
than conventional boilers. Prominent examples of limitations include:


Solar thermal potential is limited to south-facing roof space.



Ground source heat pump collectors require significant space which is
unlikely to be available to many buildings in densely built areas.



Biomass boilers require fuel stores and delivery access which limits their
applicability in built-up areas (it also means that a greater share of pellets
need to be used, instead of cheaper wood chips).

Local impacts / other. There also are other local impacts that limit suitability;
examples include:


Air quality concerns limit the deployment of biomass boilers to rural and a
share of sub-urban areas.



Noise concerns limit the suitability of heat pumps in densely populated areas.

Several issues complicate the assessment of suitability. First, the significance of many of
these factors is uncertain, given limited existing deployment of the technology. Second,
where several factors interact they may cumulatively form significant barriers even where
the impact of individual factors is relatively limited. Third, suitability constraints can
sometimes be overcome, but at additional cost (e.g., noise mitigation technologies).
Fourth, there is a link (especially for heat pumps) between suitability and performance, but
no clear distinction; the interpretation here is that the share deemed as “suitable” is the
share that can attain the performance implied by the technology assumptions.
The assessment accounts for these complications to the extent feasible. However, we
complement this with scenario analysis to reflect the uncertainty. The following table
summarises the total proportion of heat loads available to each technology under baseline
assumptions. Full details of suitability assumptions are provided in the appendix, section
8.3.6.

21

The UK Supply Curve for Renewable Heat, NERA and AEA for DECC (July 2009).
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Table 1: Total thermal demands available to building-scale technologies by sector
ASHP

GSHP

Biomass boiler

Domestic

40%

38%

61%

Commercial

75%

70%

74%

Industrial

13%

12%

55%

4.1.3 Supply capacity and growth rates
Overview
As noted, UK use of renewable heat is very limited. This also means that there is only a
small supply industry, across the whole supply chain – ranging from manufacturing
capacity, infrastructure (e.g., for fuel processing and delivery), distribution and sales
capacity, qualified personnel for installation and maintenance, etc. In practice, it is likely
that many of the technologies would be imported rather than manufactured in the UK, so
restrictions may be more relevant further down the supply chain. In addition to the
technology supply chains, there are auxiliary supply chains for biomass fuel and electricity
supply that are relevant to a large expansion of the use of biomass boilers and heat
pumps, respectively.
Supply capacity typically will develop as demand expands, but it cannot do so at an
unlimited pace. There is inertia in the rate of training of installers, entry of new companies,
or growth of existing companies. Also, expansion requires investment, which will be
forthcoming only when demand is expected to hold up. Supply side constraints thus are
linked to the demand-side, as investment in supply capacity will come forward more readily
if demand is seen to be robust, including in the longer term.

Introduction to growth rates
In considering growth rate scenarios for the UK we have reviewed evidence from other
countries. Some renewable heat technologies (in particular heat pumps) are far more
common in other European countries. European experience informed the choice of the
Central case growth rate restrictions, as explained below.
The figure below is from the European Heat Pump Association and indicates where
different countries are located on the market maturity curve, with three market phases
defined: emerging, growth and maturity.
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Figure 4: Market status for heat pumps in selected European countries (2007 data)

22

The European Heat Pump Association also publishes sales data, which are plotted below,
normalised against 2003 sales.

Annual sales relative to 2003 sales

Heat pump sales for selected European countries
(EHPA data)
14
12
10
8

Finland, France – in emerging market phase
Germany – in growth phase
Sweden, Switzerland – in maturity phase

% values show average
year-on-year growth
rates of heat pump
industry between 2003
and 2008
Finland (49%)

6
France (68%)

4

Germany (41%)

2

Sweden (17%)

0
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2007

2008

Switzerland (20%)

Year
Figure 5: Increase in heat pump sales relative to 2003 levels for selected European
countries
These data show that there is a clear difference in average annual growth rates for
countries in different phases of market development, with average annual growth rates of
around 20% for the mature markets of Sweden and Switzerland, increasing to values
around 60% for emerging markets in Finland and France.

Growth rate scenarios
In implementing growth constraints in the modelling, we apply a maximum limit on total
annual sales of each technology within each consumer segment (domestic, commercial,
industrial). The maximum sales allowed in each year are based on sales in the previous
22

Figure from Outlook 2009 European Heat Pump Statistics (2009), Figure 9, p.22.
European Heat Pump Association.
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year multiplied by an annual growth rate (in terms of percentage increase in sales
permitted), and the growth rate factor varies over time to reflect different market phases as
technologies were adopted.
Based on the above analysis four different growth rate scenarios were defined, as
summarised below. The market for biogas technologies is different from those for the other
technologies and a constant annual growth rate through time was assumed in each
scenario. Also, for simplicity we have assumed the same growth rates for all technologies.
Table 2: Scenarios for maximum annual sales increases
Maximum annual growth rate permitted in each
market phase
Growth scenario

Maximum
annual
growth rate
permitted
for biogas

Emerging

Growth

Maturity

Low Low

30%

20%

10%

20%

Low

40%

30%

15%

30%

Central (baseline)

60%

40%

20%

50%

High

80%

60%

30%

80%

In each case a one-off doubling in sales for the first year of the policy is allowed given that
most technologies‟ sales begin from a low base. The emerging and growth phases then
23
each last for three years, with maturity growth rates applying thereafter. The maximum
number of sales achievable under the different scenarios are shown graphically below.

23

In practice transition from one growth phase to the next is gradual (and a function of
sales achieved rather than time elapsed). However, in the absence of data to define cut-off
points between the emerging, growth and maturity phases a simplifying assumption of
three years for each of the two former phases was made.
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Maximum sales allowed
(from a base of 1)

Impact of growth rate assumptions on maximum sales
allowed in first decade (given sustained demand)
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Figure 6: Impact of alternative growth rate assumptions on maximum permitted
sales given unlimited demand
This figure shows that (given high demand) maximum annual sales allowed in 2020 are
25%, 50% and 270% of the Central case values for the Low Low, Low and High scenarios
respectively.

4.1.4 “Hassle” barriers and time cost
Costs for domestic heat pump installations in the baseline include an allowance for
replacing standard radiators with larger heat emitters (which are required to achieve the
COP values assumed). However, there are hidden costs associated with the disutility of
loss of space and the disruption caused in undertaking such radiator replacement.
Similarly, baseline costs for GSHPs include the costs of drilling boreholes / digging
trenches for ground loops, but exclude any monetised value of the associated disruption.
These sorts of hassle barriers have been quantified in studies with carefully designed
consumer surveys. In previous research, Element Energy quantified a selection of
attributes of heating systems, as shown below.
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Estimated WTP for selected heating system
attributes according to survey results
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Willingness to pay
(effective on-cost)
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0
-500
-580
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-1,500

-1,250
-1,580

-2,000
Space &
refuelling

Garden dug up

Hot water
cylinder
required

Recommended Recommended
by a friend
by a plumber

Figure 7: WTP for heating system attributes based on survey work from 2008

24

The hassle barrier scenario includes the following additions to capital cost (relative to the
25
baseline):


Domestic ASHP and GSHP installations: £1,000 added to reflect the WTP for loss
of space due to need to install large radiators. This factor was not explicitly
captured in the previous survey work, so a value between the „hot water cylinder
required‟ and „space & refuelling‟ has been used.



Domestic GSHP installations: a further £1,600 is added to the capital cost for
houses to reflect the inconvenience of digging up the garden.



Domestic biomass boilers: £1,250 added to the capital cost to reflect the space
and refuelling issue.



Non-domestic biomass boilers: cost allowed for lost space due to fuel store (which
26
varied by consumer type).

As discussed above, monetising “hidden and missing” costs is inherently difficult. The data
presented above provide estimates of the magnitude of some of the “hassle” barriers that
householders experience (but not all), and do not fully capture equivalent costs in the nondomestic sector (e.g. disruption to production).

24

Data from the study: The growth potential for microgeneration in England, Wales and
Scotland, Element Energy for BERR (2008).
25
We note that in practice hassle costs may be related to level of penetration of renewable
heat technologies (e.g. due to saturation of buildings / consumers with low hassle costs),
and that they vary by consumer. However, constant hassle costs are assumed in the
modelling.
26
For further details see section 8.4.
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4.2 Cross-cutting barriers 2: discounting and confidence
4.2.1 Willingness to pay curves
As noted above, the willingness of investors to incur up-front cost in exchange for
(potential) future benefits is a key factor likely to influence the willingness to adopt
renewable heat measures.
This consideration can be represented in a number of different ways. In this project we use
“willingness to pay (WTP) curves”, a relationship between the simple payback period of an
investment and the share of consumers that take up the investment. The baseline WTP
curve for the domestic sector is shown in the below figure, where the horizontal axis shows
27
the simple payback period, and the vertical axis shows the share of potential consumers.
For example, in the owner-occupier segment, half of consumers are assumed to take up
an investment with a payback of three years, while the corresponding number for private
landlords is nearly zero, and that for social landlords ninety percent.

Baseline WTP curves in the residential sector
110%

Proportion of decision
makers willing to pay
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3
4
5
6
7
Simple payback period (years)
Private landlord

8
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Figure 8: Baseline WTP curves for consumers in the residential (domestic) sector
The curves above were derived from a previous CCC study into the uptake of energy
28
efficiency measures in buildings. The original data that define the curves came from a
range of sources, including:


Owner-occupiers – coefficients derived from surveys of consumer attitudes to
29
microgeneration.



Private landlords – landlord quantitative research conducted by the Energy
30
Saving Trust.



Social landlords – data from Defra household survey.

27

Simple payback is defined as the additional cost (of the renewable heating technology
relative to the incumbent) divided by the ongoing annual savings.
28
Uptake of energy efficiency in buildings, Element Energy for the CCC (2009).
29
The growth potential for microgeneration in England, Wales and Scotland, Element
Energy for BERR (2008).
30
Landlord Quantitative Research, EST and Continental Research (2005).
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The non-domestic WTP curves were also taken from previous work by Element Energy for
the CCC. These curves are defined by survey data from commercial landlords and
31
facilities managers, and Carbon Trust data. Data on willingness to pay in the industrial
sector came from the US Industrial Assessment Centre Database. The baseline curves
used are shown below.

Baseline WTP curves in the non-domestic sector
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Figure 9: Baseline WTP curves for consumers in the non-domestic sector
The above representation could be equally cast in terms of a hurdle rate of investment. For
example, a three year simple payback requirement for an asset expected to last for 15
years corresponds to a 33 percent hurdle rate, while a five year simple payback
corresponds to an 18 percent hurdle rate (see table in section 8.3.1).
The rates used here are broadly consistent with a wider literature on discount rates for
household energy-related purchases. However, as noted above, a significant feature of
this literature is that the range of estimates is very wide, while estimates for non-domestic
investors are sparse.

4.2.2 Risk and confidence
In addition to uncertainty about how investors value costs and benefit over time, it is very
difficult to separate out the “pure” time component of the purchasing decision from other
32
factors. This is all the more so given the evidence that both company capital budgeting
and individual purchasing rules of thumb use discount rates as approximations for a range
of other factors, as discussed in appendix section 8.4.3.
31

The previous work drew on the Carbon Trust Close-Out database, a record of 40,000
site surveys, carbon management programmes and similar work undertaken by the
Carbon Trust.
32
Surveys can aim to do this, to varying degrees. The central estimate for the owneroccupier domestic segment, with a ratio of no more than three required up-front payment
and ongoing benefit, is an example of an estimate derived as far as possible in isolation
from other considerations. However, this advantage of survey evidence has to be weighed
against the fact that the information refers to a hypothetical situation that may not match
real purchasing or investment decisions closely (people‟s responses may not match their
actual actions).
24
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For the same reason, we use the WTP curves in the model to represent a number of
issues that are likely to reduce the willingness to incur up-front costs. In most cases, the
root cause is that future benefits may not just be distant in time, but also uncertain – i.e.,
the investor incurs a risk that future benefits do not arise. The relevant quantity is the
additional risk incurred, over and above that associated with the use of conventional
heating technologies. Examples of relevant factors include:


Performance – will the technology perform as claimed, how long will it last, will it
meet heating needs etc.? This is likely to be particularly important for technologies
such as heat pumps, where trials suggest a wide distribution of performance in
practice, and the performance (and thus comfort as well as financial
33
attractiveness) that an individual consumer can expect is uncertain. It also is
likely to be important for non-domestic consumers where heat is an important
input to core business activities (e.g., industrial process heat).



Fuel price and availability risk – consumers may be concerned over how
exposed they will be to future fuel price fluctuations and how these will affect the
economic proposition for a new heating system. The relevance differs by
technology. For example, heat pumps have a natural “hedge” in this regard, as
electricity and fossil fuel prices tend to move together. By contrast, the financial
viability of biogas depends strongly on whether the initial high capex is offset by
revenue from future gas sales.



Fuel price availability – a more significant barrier may be the concern that fuel
supplies may not be reliable. This is relevant particularly to biomass, where
supplies often are local and depend on individual businesses (in contrast to gas or
oil, which can be reliably supplied either through networks or multiple suppliers).



Financial incentives – many renewable heat purchases will be attractive to
consumers only if supported by the RHI or equivalent subsidies. If future subsidies
are seen as uncertain, investors will be less willing to incur up-front costs.



Tenure – as noted above, this refers to householders‟ expectation that they will
move house before the investment has paid off (and that lower ongoing fuel bills
and / or subsidy entitlements that may accrue to the next owner would not be fully
reflected in the property sale price).



Impact on home value – householders‟ concerns that a non-standard heating
system could lead to lower values of their homes.

Lack of confidence in new heating technologies is potentially a significant barrier but is
difficult to quantify. In the modelling exercise completed here it is captured with a single
variable, namely the willingness to pay curve (which can be equated to hurdle rates, see
section 8.3.1).
Willingness to pay curves used in the baseline implicitly capture a certain level of lack of
confidence in technology. The table below shows the implied hurdle rates at which
different proportions of the population of each consumer type are willing to invest.

33

Moreover, the factor may be more important for heat than for other technologies,
especially in the household sector. For example, underperformance of heating may lead to
significantly reduced comfort, whereas underperformance of microgeneration technologies
would lead only to somewhat higher energy bills (the electricity would still be available
from the grid).
25
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Table 3: Hurdle rates by consumer types from baseline WTP curves

Consumer type

Implied hurdle rate above which given proportion of
population will invest (baseline WTP curves)
10% of consumers

50% of consumers

90% of consumers

Owner-occupier

24%

34%

43%

Social landlord

12%

20%

34%

Private landlord

37%

71%

111%

Commercial: public

12%

23%

62%

Commercial: private

7%

19%

100%

Industrial

4%

14%

91%

The changes made to the baseline WTP curves to assess the impact of confidence in
technology are set out in the appendix, section 8.3.1.

4.3 Technology-specific barriers and baseline assumptions
The project began with the compilation of a comprehensive list of factors that could act to
limit the uptake of RES-H technologies. This was achieved through a literature review and
focused industry consultation. This section introduces the principal barriers that were
included in the modelling work. Other barriers identified but not explicitly quantified are
presented in the appendix, section 8.6.

4.3.1 Heat pumps
Three main types of heat pumps are considered in the modelling exercise. These are
summarised in the following table, which shows which sectors each type of heat pump is
deployed in (note that further suitability factors apply for different building types within each
sector).
Table 4: Types of heat pump included
Technology

Description / applicability

Air source heat
pump (air-to-air)
(ASHP ATA)

These heat pumps deliver heat as warm air and are used to meet
space heating loads only. They are therefore restricted to use for
space heating in non-domestic buildings only.

Air source heat
pump (air-to-water)
(ASHP ATW)

Extract heat from ambient air and deliver via a wet heating system.
ASHP ATW use is restricted to the domestic sector.

Ground source heat
pump (GSHP)

Heat extracted from the ground delivered via a wet heating system
(domestic) / warm air system (non-domestic). Available in all
applications with the exception of process heat in industry.

The principal technology-specific barriers to the uptake of heat pumps are summarised in
the table below.
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Table 5: Barriers to uptake of heat pumps
Barrier

Description

Baseline assumption

High cost of
refurbishing
heating system to
use lower
temperature
water.

Low temperature heat distribution
needed to achieve declared efficiency
(COP) values. Applies to ASHP ATW
and GSHPs and is a function of
building age.

Capital cost of heat pump
systems includes an
allowance for radiator
replacement (but hassle of
replacing radiators is not
accounted for).

Failure to
decarbonise
electricity grid.

CO2 savings from heat pumps are
directly related to the carbon intensity
of electricity used.

Not captured (grid CO2
intensity values from
CCC‟s power sector
modelling work).

Grid
decarbonisation
more expensive
than expected.

Electricity prices are related to the
generation mix. If low carbon
generation plant is more expensive
than predicted electricity prices may be
high, which reduces fuel bill savings
from heat pumps.

Central IAG fossil fuel
price scenarios are used in
the baseline. This barrier
is explored by altering
electricity price
projections.

Heat pumps not
achieving
promised
efficiency values.

Failure to achieve claimed COPs will
reduce the CO2 savings and lead to
higher fuel bills. Applies to all types of
heat pump.

Baseline includes
relatively optimistic
efficiency assumptions,
which are tested in
sensitivity scenarios.

Lack of trained
engineers /
plumbers.

There is a need for trained, certified,
experienced installers to meet a
growing demand for heat pumps.

Supply side restrictions
are included in the
baseline (in the form of
restrictions to annual
growth rates).

Failure to achieve
forecast cost
reductions.

As the market for heat pumps grows
some level of cost reduction may be
expected (due to economies of scale,
more mature supply chains etc.).

Baseline includes cost
reductions for heat pumps
to 2030. Sensitivity
scenarios assess impact
of these not being met.

Poor suitability in
retrofit market.

Highest COP values achieved with low
temperature distribution, which may
not provide the desired level of thermal
comfort without upgrades to existing
buildings‟ efficiency standards.

Suitability factors are used
to remove heat pumps as
a choice for unsuitable
building types.

Disruption due to
need to dig up
garden (GSHPs).

In addition to the cost of digging
trenches / boreholes, domestic
consumers perceive a hassle cost due
to the disruption involved in having
their garden dug up.

Disruption cost not
included in baseline
(added as a barrier).
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4.3.2 Biomass boilers
Biomass boilers at a range of scales were included in the study, from pellet boilers at tens
34
of kilowatts to megawatt scale wood chip boilers. The main barriers to biomass boiler
uptake are summarised below.
Table 6: Barriers to uptake of biomass boilers
Barrier

Description

Baseline assumption

Lack of trained
designers /
installers.

Specialist skills are needed to specify
and install biomass heating systems.

Captured by limiting rate at
which market can grow.

Resource
availability.

There is a limit to the quantity of
biomass fuel that can be supplied from
domestic sources. Imports will be
required when demand for fuel
exceeds a certain level.

Biomass prices based on
access to international
resource (for consistency
35
with previous work).

Lack of national
fuel supply chain.

The UK does not currently have welldeveloped national supply chains for
biomass fuel. This could lead to supply
restrictions in some areas.

This geographic coverage
issue is not captured in the
baseline (assume fuel
supply chains develop to
meet growing demand).

Fuelling and deashing hassle
factor.

Biomass boilers require regular
refuelling and de-ashing. No allowance
is made for this for domestic
installations in the baseline (the opex
figure covers this cost for nondomestic installations).

Captured for non-domestic
installations only.

Space
requirements.

Biomass heating systems require
significantly more space than fossil fuel
alternatives. Installation at sites with
limited space may therefore not be
possible.

Suitability factors restrict
the number of buildings in
which biomass boilers can
be installed.

Air quality issues.

The combustion of biomass leads to
higher particulate and NOx emissions
relative to fossil fuels. This can be an
issue in areas where air quality is a
concern (e.g. smoke control zones,
AQMAs).

Reflected to some extent
by more restrictive
suitability factors in urban
areas (where air quality is
more often an issue).

34

Note that current indications are that biomass use in wood burning stoves and open fires
will not be eligible for support under the RHI. See Renewable Heat Incentive: Consultation
on the proposed RHI financial support scheme, DECC (February 2010) p.31.
35
The UK Supply Curve for Renewable Heat, NERA and AEA for DECC (July 2009).
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4.3.3 Solar thermal
This technology is different from those discussed above in that solar thermal is not a direct
replacement for heating systems. Rather, solar thermal systems tend to be sized to meet a
portion of a building‟s hot water demand (typically around 50%) and supplement the
primary heating system.
Table 7: Barriers to uptake of solar thermal
Barrier

Description

Baseline assumption

Limited
suitability.

Solar thermal systems must be
installed on south facing roofs to
maximise output.

Captured through
suitability assumptions
(which are tested through
suitability scenarios – see
section 5.2.6).

Lack of trained
engineers /
plumbers
(installers).

With high demand for new systems a
limited number of trained and
accredited installers could restrict
uptake.

Captured through supplyside restrictions in the
baseline.

Failure to achieve
cost reductions.

Support for RES-H may decrease in
line with expected / target cost
reductions. Failure to achieve cost
reductions will harm the economics
and therefore reduce uptake.

Baseline includes cost
reductions through time.
Barrier is explored through
a zero cost reduction
scenario.

Aesthetic
concerns.

Most systems are roof-mounted and
have an aesthetic impact which may
be unacceptable to some
householders.

Not captured in the
baseline.

Difficulty in
integrating with
existing heating
system.

Solar thermal integration can be costly
and complex.

Capital cost assumptions
represent typical values for
total installed costs.
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4.3.4 Biogas
The latest documentation on the RHI published by DECC (March 2011) suggests that the
following uses of biogas will be eligible for support:


Heat produced from on-site combustion of biogas for plants up to 200kWth.



Injection of biomethane into the gas grid at all scales (but excluding landfill gas).

Investing in biogas plants is a different proposition from the technologies considered above
(which supplement or replace a heating system, usually purchased at the end of an
existing system‟s life). Some of the main barriers to biogas deployment in the UK are
summarised below.
Table 8: Barriers to uptake of biogas plants
Barrier

Description

Baseline assumption

Overall resource
constraint.

Biogas plants require a feedstock
(such as food waste, slurry, energy
crops etc.). Technical potential is
limited by available resource.

Captured through
estimation of total
technical potential.

Regulatory
standards for gas
purity.

Regulations on gas purity have acted
as a barrier to biogas injection in the
past, but they are being revised.

Not captured in baseline.

Competing
solutions for
landfill diversion.
(See below).

Market for AD may be restricted to
areas where it has already been
selected by local authorities (waste
contracts tend to be long term so
waste streams for AD may be limited).

Captured to some extent
through limitations to the
rate at which the market
can expand.

Lack of
technology
suppliers / skilled
technicians active
in the UK.

The design, installation and operation
of biogas plants require specialised
skills which are limited in the UK.

Reflected through limits to
annual growth rate on the
supply side.

Options for
digestate
disposal.

Regulations restrict the options for
digestate disposal.

Assumed barrier is not
36
restrictive in future.

Source
separation and
purity of waste.

Impure waste streams present a
challenge for anaerobic digestion
plants. Municipal waste streams are
often contaminated.

Cost of segregation
equipment included for AD
plants.

Limited number
of gas injection
points restricts
biomethane
injection.

Biogas plants have high run hours and
for injection into the gas grid to be
feasible local demands must always at
least exceed the plant‟s output.

Deployable potential of
biogas injection limited to
reflect limited number of
injection points.

Lack of heat
demand.

Biogas facilities might not be in
proximity to heat loads, restricting use
of biogas to meet on-site heat
demands or in CHP applications.

Not captured in baseline.

36

The Environment Agency and WRAP are working with industry to define a standard for
digestate and a Quality Protocol setting out conditions for its production and use. See
www.defra.gov.uk/environment/waste/ad/digestate.htm.
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The barriers to biogas uptake in terms of limited resource can be further characterised by
issues such as:


Slow switch to food waste separation.



Difficulty in reneging on existing waste contracts (which tend to be relatively long
term).



Lack of coordination by local authorities to pool waste as required to attain
sufficient scale of operation.
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4.3.5 Biomass CHP
Previous work considering scenarios for renewable heat supply through the 2020s
considered biomass CHP at a range of scales, as shown below.
Table 9: Types of biomass CHP considered in previous study

37

Plant type

Size
band
(MWe)

Heat to
power
ratio

Efficiency values
Overall

Electric

Thermal

Biomass Air
Turbine

<1

2.2

60%

19%

41%

Small Biomass
Steam Turbine

1–5

1.6

43%

16%

27%

Medium Biomass
Steam Turbine

5–25

1.6

46%

18%

29%

Large Biomass
Steam Turbine

>25

1.6

50%

19%

31%

The overall efficiency values of biomass CHP technology currently available are
significantly lower than for gas CHP (which can be 80% or above). Furthermore, capital
costs, fuel costs and other ongoing costs are higher for biomass CHP, which combine to
reduce the relative attractiveness of the technology.
The emissions benefits of biomass CHP have been examined previously, and it was found
that this technology offers relatively high carbon savings but at high cost (on a £/tCO2
38
basis). For this reason biomass CHP was not considered to play a major role in
scenarios for renewable heat to 2030. In addition to the financial hurdles, a range of other
barriers to deployment of biomass CHP exist:


High cost combined with high complexity and multiple sources of risk for biomass
CHP projects (fuel markets, power market, etc.). These factors mean that
evaluating the investment opportunity is difficult.



There is limited experience of using biomass CHP in the UK. A lack of skills and
lack of trust in technology are barriers to deployment.



Viability depends on connection to a suitable heat and electricity load. A large (and
relatively consistent) heat load is needed, together with some means of heat
distribution.



High grid connection and licensing costs of participating in electricity market.



A lack of power market experience, the central importance of spark spread and
other power market conditions (time-of-day prices, dispatch decisions, etc.), which
are unfamiliar to many industrial operators.



Need for coordination with community / district heating to reach many space
heating loads.

37

Table from Decarbonising Heat: Low-Carbon Heat Scenarios for the 2020s, NERA &
AEA for the CCC (June 2010), p.88. Note that higher overall efficiencies can be achieved
in heat-led applications but costs are high and emissions abatement fall.
38
See section 6.4.2.3 (p.88) of NERA & AEA for the CCC (June 2010). The emissions
characteristics of biomass CHP are in contrast to gas CHP, which offers modest CO2
savings but at low specific cost.
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4.3.6 District heating
Heat from low carbon sources delivered via district heating meets around 2% of total heat
39
demand in 2030 in the CCC‟s Medium Abatement scenario. This figure was derived
based on analysis of heat loads in some of Britain‟s major cities. Previous estimations of
the opportunities for district heating in the UK found an economic potential of 90TWh/yr
compared to an estimated technical potential of 230TWh/yr (equivalent to c.40% of current
40
UK building heat demand).
However, the barriers to deployment of district heating are numerous and difficult to
41
overcome. Quantitative assessment of the uptake of RES-H district heating systems was
42
not possible within the current study. Rather than including district heating in the
quantitative modelling, a discussion of the barriers is given below, with recommended
policy actions in section 7.

Financial and suitability barriers
Revenue uncertainty
Uncertain subscription numbers leads to significant revenue uncertainty for district heating
schemes; sufficient base-load heat demand must be secured to ensure economic viability.

Characteristics of UK housing stock
District heating is best suited to densely populated areas (e.g. cities with a high proportion
of flats). The proportion of the population living in flats in the UK housing is relatively low
(14%) compared to countries in which district heating is more common (e.g. c.30% of the
43
population live in flats in Denmark , where 60% of homes are connected to district heating
44
systems). This fundamental characteristic of the UK‟s housing stock means that
opportunities for cost-effective district heating are limited.

Relatively high start-up costs
The UK‟s district heating industry (including supply chains, skills, etc.) is limited. This leads
to high costs by international comparison.

Financing
District heating schemes typically require a high initial capital outlay which is recouped
over many years. There is limited project finance experience in the UK and an inability to
cover the long construction periods that characterise these projects.

39

The Fourth Carbon Budget, CCC (December 2010), Table 5.1: Penetration of Low
Carbon Heat Technologies, p.219.
40
Decarbonising Heat: Low-Carbon Heat Scenarios for the 2020s, NERA & AEA for the
CCC (June 2010), p.46–47.
41
A detailed discussion of the potential for district heating and associated barriers is given
in NERA & AEA for the CCC (June 2010) (sections 5 and 6).
42
District heating is different from the other building-scale technologies considered in that
consumers do not generally have the option to select it when making decisions on heating
system replacement. District heating schemes require significant capital outlays and
therefore commitments to connect from a high proportion of consumers in an area, which
requires significant coordination.
43
Data from Eurostat (2009).
44
Data from Dansk Fjernvarme – Danish District Heating Association.
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Regulatory barriers
Long-term energy supply contracts
The viability of district heating schemes is enhanced by inclusion of large-scale base load
consumers such as hospitals, schools or large public sector buildings, which can catalyse
network expansion. However, the existence of long-term energy supply contracts limits
access to such consumers and so an important driver to development can be lost.

Impact on consumer choice
Mandating compulsory connections to a district heating network has been used in some
countries (e.g. Denmark) to overcome uncertainty barriers. However, this requires a
sector-specific regulatory framework which allows for the restriction of competition through
legislation.

Undeveloped and potentially changing regulatory framework
The sector-specific regulatory framework in the UK is currently undeveloped, and there is
scope for change in coming years as this is addressed. The impacts of this framework
include mechanisms and guarantees for cost recovery and safeguards for consumers. The
lack of a developed framework deters potential investors.

Other barriers
Disruption of laying the heat network
Retrofitting district heating networks involves potentially extensive disruption to large urban
areas, which could stimulate local opposition to the scheme.

Lack of familiarity
45

With a low market penetration (less than 2% of UK heat demand ), district heating is an
unfamiliar technology to much of the UK market. This is compounded by the strong
position of individual gas boilers as the incumbent choice for primary heating systems.
Familiarity with district heating needs to be increased if there is to be public support for
such schemes.

Lack of standard connection procedure
There is currently a lack of standard contracting terms for connection to heat networks in
the UK, adding complexity to the process of connecting consumers to a network. In a
scenario of increasing uptake of district heating schemes, there is a need for contracting
terms and connection procedures to be standardised to prevent demand-side barriers to
uptake.

Lack of UK experience
The low penetration of district heating schemes could lead to high development costs, as
contractors are likely to include significant contingency costs to cover construction risk.
Perceived risks may cause investors to require higher rates of return, thus increasing the
cost of capital. These higher costs could limit the growth of district heating, particularly
during the emerging market phase.

45

The potential and costs of district heating networks, Pöyry for DECC (April 2009).
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Lack of coordination among public bodies
Cooperation between local authorities, housing associations, developers and commercial
businesses is necessary to secure initial heat demands, and to aid subsequent
development of district heating networks. This coordination is not easily achieved.

Space constraints in urban areas
In densely populated urban areas of the UK, there is a significant constraint on available
space for sub-surface infrastructure. As densely populated areas are generally the most
suitable for district heating systems, this has the potential to increase cost and complexity
46
of district heating schemes in such areas.

Economies of scale
District heating schemes involve significant economies of scale, which are dependent on
the number of individual connections. A consumer perception of low uptake will therefore
deter consumers due to high costs, potentially resulting in a scenario where no individual
consumer will invest. The coordination of larger numbers of consumers is necessary to
overcome this barrier.

Risk of technology redundancy
The long-term investment needed for district heating schemes is further complicated by
the risk of future redundancy or disconnection due to competition with other technologies
(e.g. heat pumps). Uncertainty over long term fuel prices, market conditions and policy
developments has the potential to create an unstable climate for investment in district
heating.

46

Research work is being undertaken to map subterranean assets through the Mapping
the Underworld project – see www.comp.leeds.ac.uk/mtu/.
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5 Modelling results and analysis
5.1 Baseline
5.1.1 Baseline definition
The purpose of the modelling exercise was to analyse the potential impact of barriers on
uptake of renewable heat, particularly in the period 2020–2030. This was achieved by
adding and removing quantified barriers from successive model runs (see sections 4 and
8.4 for quantification assumptions). We therefore define a baseline against which the
impact of various barriers and barrier combinations are assessed. The baseline is defined
to be broadly consistent with previous CCC modelling and represents an ambitious but
achievable trajectory.
The baseline includes a number of inherent factors that limit the uptake of RES-H, for
example:


Boiler replacement rates – consumers make decisions on building-scale RES-H
technologies as a result of a need to replace their existing heating system. This
stock turnover rate restricts the rate at which (building-scale) RES-H technologies
47
can penetrate the market.



Suitability assumptions – not all technologies are suitable in all building types,
this is reflected by suitability factors (see section 8.3.6 for details).



Supply constraints – total sales of RES-H technologies are restricted and
industry growth rates are constrained based on growth rates observed in other
countries.



Investor behaviour – the willingness to pay curves used reflect investors‟
attitudes to the time value of money (simple payback can be related to a discount
rate). They also capture a certain level of consumers‟ attitudes to risk (see section
8.3.1 for more details on the WTP curves).

Other features that characterise the baseline include:


Financial support in the form of a Renewable Heat Incentive continuing to at least
2030. Initial tariff levels for the domestic sector are taken from the RHI
consultation document, whereas non-domestic RHI levels are based on the latest
48
figures from DECC (which are lower than previously proposed).



RHI levels for new installations are reduced over time in line with anticipated falls
in levelised cost of energy arising due to capital cost reductions (where
applicable).



„Central‟ fuel price assumptions – largely based on IAG prices (as opposed to
variable element –see section 8.3.4 for details).



Technology cost reductions over time for heat pumps and solar thermal systems.

47

A 15 year turnover rate was used for the building-scale technologies. A slightly different
approach was taken for biogas technologies since they represent a different type of
purchase.
48
The RHI levels used in the modelling are given in section 8.3.5. Note that ASHPs in the
non-domestic sector receive no support in this study‟s modelling (as no tariff levels were
announced in the latest RHI publication).
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Efficiency improvements through time for heat pumps (such that the average
COPs of heat pumps installed in 2030 are 1.0 higher than the initial values).



Hassle barriers in the form of allowance for time to research new technology
monetised and added to the capital cost of RES-H systems.

Uptake under the baseline and with various barriers added or removed is presented in the
following sections.

5.1.2 Baseline results
RES-H supplied in 2020 and 2030
The CCC‟s scenarios for the fourth budget period were based on two distinct pieces of
work and approaches. First, a trajectory for renewable heat use to 2020 was based on
DECC‟s analysis of uptake under the RHI. Taking this as a starting point, the second
component used a different approach, using the “social” cost of CO2 abatement as the
49
basis for defining a scenario up to 2030. As noted, these analyses suggested that 12
percent of renewable heat might be feasible by 2020, rising to nearly 40 percent, based on
the “social” cost metric and feasibility, by 2030.
In contrast, the modelling approach for this study (as described in section 8.1) is based
exclusively on the modelling of consumer uptake. The results therefore are not directly
comparable. Important differences between this and previous work include the use of a
distinct modelling framework as well as differences in key assumptions, including about
discount rates as well as some technology cost and performance assumptions. (By
contrast, many other input assumptions, including the “suitability” assessment, heat load
data, etc. have been explicitly derived from the previous work).
Because the methodology and assumptions differ in key respects, it cannot generally be
expected that the results should be identical, either in terms of the total level of renewable
heat or the composition of technologies. Nonetheless, the previous results provide useful
context for this study‟s baseline results. We compare this study‟s baseline findings to the
CCC‟s Central scenario in the figures below.

49

See Decarbonising Heat: Low-Carbon Heat Scenarios for the 2020s, NERA & AEA for
the CCC (June 2010) for a description. The “social” cost metric used by the CCC differs in
the energy prices used, the treatment of taxes, and in the discount rate used to calculate
cost.
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Heat output from RES-H in 2020
70

Results from this study
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Figure 10: RES-H in 2020 under the baseline, with no RHI and with an RHI to 2020
This study‟s quantitative assessment of the uptake of renewable heat excludes any
50
contribution from district heating, biomass CHP and existing RES-H.
Baseline results show that total RES-H delivered by 2020 from the technologies
51
considered above is 25% below the CCC Central scenario. The main differences are:


Lower uptake of GSHPs, particularly in the commercial sector. This is due in part
to an upward revision of the cost assumptions (but no change to the RHI subsidy
52
assumptions).



Higher uptake of ASHPs in the domestic sector, with lower uptake in the nondomestic sector (leading to broadly similar levels of heat delivered from ASHPs by
2020).



The solar thermal uptake in the CCC Central scenario (most of which is in the
domestic sector) is not replicated in this study‟s baseline results. This is due in
large part to less optimistic assumptions about the payback period demanded by
consumers (which results from the different modelling approaches used).

Another cross-cutting difference is that this study adopts a different perspective, modelling
uptake from the consumer perspective. This reduces uptake, especially of the more
capital-intensive technologies, such as GSHPs.
The modelling suggests that a small amount of uptake of RES-H can be achieved by 2020
with no RHI, mainly through ASHPs in commercial buildings, and particularly in areas off
the gas grid where electricity is the counterfactual fuel. The reduction in overall output from
50

Biogas was treated separately, see section 8.9. “Existing RES-H” refers to renewable
heat that is already being generated, which DECC estimates to be around 10TWh/yr. This
also explains some of the gap between the CCC Central scenario results and this study‟s
baseline.
51
However, since most of the difference is due to lower heat pump uptake the difference in
terms of ARR is lower: 47.4TWh/yr (baseline) versus 54.7TWh/yr (CCC Central scenario),
i.e. a 13% reduction.
52
Costs of £520/kW had been used in the previous work for GSHP systems in certain
commercial building types. This figure was below the lower bound implied by Element
Energy cost data.
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ASHPs in the commercial sector with an RHI (relative to the No RHI scenario) is due to
biomass boilers becoming the preferred choice in some of these areas when supported by
the RHI.

Heat output from RES-H in 2030
250

RES-H delivered in 2030 is 29%
lower in this study‟s baseline.

Heat output (TWh/yr)
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Figure 11: RES-H in 2030 under the baseline, with no RHI and with an RHI to 2020
In 2030, the baseline results show overall RES-H delivered by 2030 29% below the CCC
53
Central scenario. Compared to the CCC Central scenario, baseline results in 2030 also
show reduced uptake of GSHPs, for the same reasons as discussed above. In this case, a
major reason is that the 2030 results depended strongly on the use of a 3.5 percent
discount rate to evaluate costs. Compared to ASHPs, GSHPs typically require higher
capex in order to achieve greater ongoing savings, a feature which is more favourably
evaluated the lower the discount rate.
The results for the RHI to 2020 and No RHI scenarios highlight the need to continue
supporting renewable heat technologies through the 2020s. Options for ensuring that
RES-H delivery continues to rise through this period are considered in section 7.1, below.

Sales under the baseline
The baseline results presented above correspond to a fundamental reconfiguration of the
heat industry. Even though the total share of renewable heat is not very high by the early
2020s, the market share is significantly higher. Currently, the vast majority of heating
system sales in the UK are fossil fuel based, but this would have to change over the next
decade and beyond for the CCC‟s ambitions for renewable heat to be realised, as shown
54
below.

53

Note that the CCC‟s Medium Abatement scenario‟s 2020 and 2030 ambitions are stated
in terms of additional renewable resource (ARR), which differs slightly from heat output
(see section 8.3.7 for details). Total ARR from RES-H from the technologies plotted above
is 150TWh/yr under the baseline in 2030. This is around 13% below the ARR figure of
174TWh/yr in 2030 in the CCC Central scenario.
54
Note that the uptake modelling employed a simplified approach (e.g. no stock model
was used). Projected annual heating system sales were based on a constant turnover rate
and total sales in each year therefore depend on estimated number of existing buildings
and the number of new buildings added to the stock.
39
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Renewable heating technology sales as a percentage of total heating system
sales under the baseline
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Figure 12: Change in renewable heating technology market share over time under
55
the baseline
Renewable heat technologies account for over 10% of new heating system sales in the
residential (domestic) sector by 2020 and around 25% by 2030 under the baseline. Similar
levels of sales increases will be required in the non-domestic sector. The implication for
annual sales required is shown below.
Table 10: Renewable heat technology sales for selected years to 2030 under the
baseline

Annual sales: Baseline: RHI to 2030
2011

2015

2020

2030

11,800

67,670

229,180

483,890

110

390

1,490

5,250

2,050

2,870

4,050

2,180

220

760

6,420

14,800

TOTAL: domestic

14,180

71,690

241,140

506,120

ASHP ATA

1,890

2,190

2,330

2,180

ASHP ATW
GSHP
Domestic

Biomass boiler
Solar thermal

GSHP
Commercial Biomass boiler
Solar thermal
TOTAL: commercial
ASHP ATA
Industrial

460

590

580

200

1,150

3,570

2,890

0

0

0

910

2,430

3,800

6,490

6,560

0

0

0

0

GSHP

50

100

290

40

Biomass boiler

200

1,150

3,880

4,700

Solar thermal

0

0

0

0

250

1,250

4,170

4,740

ASHPs

13,690

69,860

231,510

486,070

GSHPs

500

950

2,370

5,870

2,450

5,170

11,500

9,770

220

760

6,420

15,710

16,860

76,740

251,800

517,420

TOTAL: industrial

All sectors

340

Biomass boilers
Solar thermal
TOTAL

European data provide useful context for these sales figures. Heat pumps sales for 2008
in Sweden and Switzerland, where the heat pump markets are mature (see section 4.1.3)
55

Data behind this graph are provided in tabular format in section 8.10.1.
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totalled around 150,000. The results above suggest that the UK market must grow such
that total sales by 2015 reach nearly half this value and by 2020 sales total nearly a
quarter of a million units. The annual growth rates for each technology (by consumer
sector) required to meet these sales figures are tabulated below.
Table 11: Year-on-year increases in sales under the baseline
Annual increase in sales: Baseline: RHI to 2030

Domestic

Commercial

Industrial

2011/12

2012/13

2013/14

2014/15

2015/16

2016/17

2017/18

2018/19

2019/20

ASHP ATW

60%

60%

60%

40%

40%

40%

20%

20%

20%

GSHP

82%

19%

38%

23%

15%

18%

59%

37%

30%

Biomass boiler

12%

6%

11%

6%

6%

8%

7%

5%

9%

Solar thermal

39%

33%

38%

34%

89%

91%

53%

25%

23%

ASHP ATA

3%

2%

7%

2%

2%

1%

0%

2%

1%

GSHP

8%

8%

8%

7%

7%

7%

7%

-1%

7%

60%

60%

60%

40%

40%

40%

19%

16%

15%

Solar thermal

0%

0%

0%

0%

0%

0%

0%

0%

0%

ASHP ATA

0%

0%

0%

0%

0%

0%

0%

0%

0%

GSHP

17%

28%

12%

12%

13%

11%

4%

93%

20%

Biomass boiler

60%

60%

60%

40%

40%

40%

20%

20%

20%

0%

0%

0%

0%

0%

0%

0%

0%

0%

Biomass boiler

Solar thermal

Supply-side growth constraints are implemented by restricting the annual increase in sales
permitted relative to the maximum sales that have been achieved in any previous year
57
(see section 4.1.3 for details of growth rate constraints). The table above shows that
sales of heat pumps in the domestic sector and biomass boilers in the non-domestic sector
are growth-constrained until 2020.

Electricity and biomass demands under the baseline
Given the high reliance on heat pumps and biomass boilers in delivering RES-H ambitions,
it is worth considering fuel requirements for these technologies.

56

Note that the heating markets in these countries are considerably smaller than in the
UK. The populations of Sweden and Switzerland are around one sixth and one eighth of
the UK‟s respectively.
57
A one-off doubling in sales is permitted in the first year after introduction of the RHI (as
sales are starting from a low base). Restricting sales increases based on sales achieved in
any previous year (rather than only sales in the previous year) means that annual
increases can exceed the year-on-year restriction when uptake is low. For example
domestic solar thermal sales in 2015/16 are c.1,400, which is a 90% increase on the
previous year but still below estimated 2010 sales, hence the growth constraint is not
triggered.
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Table 12: Heat pump and biomass boiler fuel requirements under the baseline

58

Electricity and biomass demands for RES-H: Baseline: RHI to 2030
Domestic

Electricity
demands for Commercial
heat pumps Industrial
(TWh/yr)
All sectors
Total demand as % of total UK
electricity demand
Domestic
Biomass fuel
Commercial
demands
Industrial
(TWh/yr)
All sectors
Total biomass demand as % of total
UK biomass resource

2011

2015

2020

2030

0.06

0.78

4.03

17.43

0.30

1.12

2.19

4.12

0.00

0.03

0.13

0.43

0.36

1.93

6.34

21.98

0.1%

0.6%

2.0%

5.2%

0.0

0.3

0.6

1.2

0.3

3.8

14.7

38.1

0.2

3.1

17.2

66.4

0.5

7.1

32.5

105.7

1%

6%

20%

48%

Many electric heating systems currently in use in the UK are night storage systems, where
off-peak electricity is used to generate heat that is stored and released slowly. W idespread
heat pump use could lead to problems for the national electricity grid (e.g., in terms of
peak power requirements and stresses on local distribution networks) with simultaneous
59
demand for power. Another option could be to use technologies that combine heat
pumps with thermal storage. Such installations could also benefit from lower running costs
for example by taking advantage of off-peak electricity tariffs. However, there also would
be significant barriers, as storage can be very bulky and require the sacrifice of valuable
space in buildings.
This storage would help to shift the electricity demand to different times of day, providing a
useful flexibility option. The greater challenge in the long term may, however, be the
seasonal swings in electricity demand resulting from a large penetration of heat pumps
and resistive electric heating. Thermal storage would do little to help with this challenge,
which may therefore need to be met via dispatchable plant (e.g. gas CCS) running largely
just for the winter months.
Demand for biomass fuel for use in buildings by 2030 exceeds the current (estimated)
60
supply capacity from UK sources. It is likely that there will be other consumers competing
for biomass fuel resource (e.g. as a low carbon fuel for electricity production in power
stations). Biomass supply must therefore increase and there may be a need to further
develop the biomass import supply chain. It should also be noted that demand for biomass
is also expected to grow in other European countries, which may lead to high international
competition for limited fuel resources.

58

Total electricity demand in 2020 and 2030 taken as 325TWh/yr and 425TWh/yr (from
CCC‟s fourth budget report). Primary energy from UK-produced biomass estimated at
c.85TWh/yr in 2010, growing to 220TWh/yr by 2030 – from: The UK bio-energy resource
base to 2050: estimates, assumptions, and uncertainties, UKERC (2010). Note that the
figures in this table do not account for the displacement of electricity used for direct electric
heating.
59
Such issues are being considered in detail in other studies (e.g. through the Low Carbon
Innovation Fund).
60
The 48% figure for 2030 in the table above is based on a projected increase in biomass
supply.
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5.2 Individual barriers
An overview of barriers to renewable heat deployment is given in section 3, above. Here
we consider the impact of the main barriers identified on delivery of RES-H in the years of
interest (2020 and 2030).

5.2.1 Financial support
The Renewable Heat Incentive, due to be introduced in Great Britain in 2011, is designed
61
to offer financial support for RES-H technologies. The scheme is expected to run at least
until 2020 and in the baseline defined for this study support is assumed to continue to
62
2030. The subsidy levels applied in the baseline are given in the appendix, section 8.3.5.
This section examines the impact of different levels and durations of RHI support on RESH uptake through the following scenarios:


Reduced initial RHI levels (to 75% and 50% of baseline values).



Lack of support for RES-H in all sectors (No RHI scenario) and support in the nondomestic sector only (No domestic RHI scenario).



Delayed introduction of the RHI (to 2012 and 2013), leading to deferred market
expansion.

Results
The level of RES-H delivered by 2020 under the scenarios described above is shown
below.

61

Further details of the RHI scheme were announced by DECC during the course of this
study, e.g. outlining how support for non-domestic installations will begin in 2011, with a
full domestic tariff from autumn 2012.
62
Additionally, there is an implicit assumption here that either the RHI or some other
support continues beyond 2030 or some other factor leads to RES-H technologies
becoming mainstream heating technologies. If not, the assumption that industries will grow
to meet growing demand under the RHI is undermined since businesses will be unlikely to
invest without a clear long-term future for the sector.
43

Achieving deployment of renewable heat
Final report

Heat output from RES-H in 2020
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Figure 13: Impact of financial barriers on RES-H delivered by 2020
These results highlight the need for an RHI (or equally supportive policy) to stimulate
uptake, and suggest that to get close to achieving CCC‟s ambitions for RES-H by 2020 an
RHI at around the levels proposed, or equivalent support, is needed. The „No domestic
RHI‟ scenario indicates that uptake in the domestic and non-domestic sectors will be
required. However, a year‟s delay to the introduction of the RHI for domestic consumers
has relatively little impact on RES-H delivered, as shown by the „Dom. RHI from 2012‟
results.

Heat output from RES-H in 2030
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Figure 14: Impact of financial barriers on RES-H delivered by 2030
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There are risks associated with delaying the introduction of the RHI (such that consumers
making decisions within the next year or two do not factor in potential revenues from the
63
RHI). Results for 2030 show that delaying introduction of the RHI, even for one year,
reduces the chances of meeting longer-term ambitions. Additional renewable resource
delivered by 2030 under the baseline from these technologies is c.150TWh/yr. This figure
falls to 146TWh/yr and 138TWh/yr with one year and two year delays to the introduction of
the RHI. However, delaying introduction of the RHI in the domestic sector only has no
64
impact on the total ARR delivered in 2030.

Conclusions

63



Without financial support (or equivalent policies), uptake of renewable heat
technologies is likely to remain low, as the technologies cannot compete with fossil
fuel incumbents on the CCC‟s price projections. Based on the levels of support
used in this analysis the RHI appears to be sufficient to stimulate significant
demand for renewable heating technologies by 2030 (provided that support
continues beyond 2020). There is, however, a risk that the 2020 and 2030 RES-H
ambitions will not be met, mainly due to slow rates of supply chain growth.



Delayed introduction of the RHI across all sectors would undermine the chances
of meeting medium and long-term RES-H ambitions. However, a one year delay to
the introduction of the RHI in the domestic sector (to 2012) is not expected to
impact overall RES-H uptake by 2030.



Support for renewable heat technologies will be needed in all sectors (domestic
and non-domestic). With no RHI for the domestic sector RES-H delivered by 2030
is only around two thirds of the baseline value.



The new RHI levels proposed for the non-domestic sector, which are lower than
those set out in the RHI consultation, appear sufficient to stimulate significant
demand for renewable heating technologies.

th

The Government has indicated that renewable heat technologies installed from 15 July
2009 will be eligible for RHI support. However, a lack of certainty on RHI support levels
means that the majority of consumers making heating system purchasing decisions will
ignore potential RHI revenues until the scheme is confirmed.
64
This finding is consistent with the modelling of renewable heat uptake undertaken by
DECC as part of the design of the RHI support scheme.
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5.2.2 Supply chain growth rates
As noted above, the growth rate assumptions for the baseline assume 60 percent year-onyear growth in the “emerging” market phase, declining to 40 percent and 20 percent in the
“growth” and “maturity” parts of technology deployment, respectively.
The level of growth achieved is both an important factor in determining the results, and a
highly uncertain parameter. We therefore investigate three additional scenarios, one with
higher growth, and two with lower growth.
The high growth scenario corresponds to an upper estimate of feasible growth rates, which
will require significant investment by private organisations and will only be realised with
high confidence in sustained demand for renewable heating technologies. For example,
certainty in continued demand for the products will be required to unlock the finance
needed to increase production capacities.
The low growth scenarios represent a more pessimistic outlook, where issues at one or
more of the points in the supply chain (design, manufacture, sales, distribution, installation)
limit expansion rates. Maximum annual growth rates for each scenario were based on
experience from elsewhere in Europe (see section 4.1.3) and are summarised in the table
below.
Table 13: Maximum annual growth rates for renewable heat technology sales
Growth scenario

65

Phase of market
Emerging

Growth

Maturity

Low Low

30%

20%

10%

Low

40%

30%

15%

Central (baseline)

60%

40%

20%

High

80%

60%

30%

The effect of these alternative growth rate assumptions on maximum sales permitted in
each year to 2020 is shown in the following graph.

65

The „Emerging‟ and „Growth‟ phases are assumed to last for three years each following
introduction of the RHI (followed by the „Maturity‟ phase). In reality the phase of the
markets depends on market penetration (e.g. sales), however data were not available to
define when to switch between phases in the model. The three year period for emerging
and growth phases is therefore a simplifying assumption.
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Maximum sales allowed
(from a base of 1)

Impact of growth rate assumptions on maximum sales
allowed in first decade (given sustained demand)
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Figure 15: Illustration of impact of alternative growth rate projections on maximum
sales permitted by 2020 (given unrestricted demand)
This illustrates the compounding effect of allowing higher annual increases in sales.
Results under these alternative industry growth rate scenarios are given below.

Results
As seen in section 5.1.2 above, uptake of some of the technologies is supply-constrained
in the initial years of the baseline scenario. The level of RES-H delivered by 2020 is
therefore sensitive to industry growth rate assumptions, as shown below. Higher growth
leads to additional uptake with baseline RHI values, while lower growth rates have the
potential to significantly reduce deployment.

Heat output from RES-H in 2020
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Figure 16: Impact of industry growth rate on RES-H delivered by 2020
With strong demand over the next decade the Central growth rate assumptions
correspond to an average annual growth of nearly 50% from 2011–2020. For the High
growth scenario the figure is 60%. These figures are high, but international experience
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indicates that they may be achievable. For example, heat pump sales in France averaged
year-on-year growth of over 65% between 2003 and 2008 in the context of technology
66
trials and a renewable energy tax credit scheme (see section 8.8.5 for details).
On the other hand, the Low growth scenario corresponds to annual sales growth figures of
around 35% on average over the next decade, which would pose a significant threat to
realising medium and long-term ambitions for RES-H, as also illustrated by the following
figure.

Heat output from RES-H in 2030
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Figure 17: Impact of industry growth rate on RES-H delivered by 2030
These results show that, by 2030, growth is a less serious constraint in the Central and
High scenarios, and highlight the need to achieve high, sustainable growth in supply chain
capacities over the next decade. This will require clear signals that the market for
renewable heat technologies will be sustained for the long term, without which the required
investments in supply chain development will not occur.
Finally, if very high, there is a risk of supply-side growth becoming too rapid and negatively
impacting installation standards and after-sales service. This will need to be carefully
managed, ideally in partnership with trade associations and certification bodies.

Conclusions


Sustained growth in supply capacity of around 50% year-on-year or above will be
needed to have any chance of meeting CCC RES-H indicators.



This will require significant private sector investments in developing supply chains,
which are unlikely to occur without confidence that renewable heat technologies
67
have a long-term future in the UK heating market. This implies certainty in the
outlook for RES-H support policies is a key ingredient in any support scheme.



Risks to excessive market growth include a decline in installation standards and
poor after-sales service. Frameworks are required to encourage sustainable

66

Note that the annual growth rate of 65% is over a period of five years (starting from a
low base). Growth rates at this level cannot normally be sustained over long periods.
67
While significant investment will be required, ambitions for widespread uptake of RES-H
also present opportunities, for example through new employment prospects.
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growth in supply capacities for renewable heating technologies and to ensure that
68
high quality is maintained even during the expansion phase. This is particularly
acute in the heat sector given the evidence that poor installation leads directly to
reduced performance of the technologies – notably heat pumps.

68

The Microgeneration Certification Scheme could play a role here. Indeed, the latest
published information on the RHI suggests that certification (of equipment and installers)
under the MCS will be required for installations up to 45kWth in the non-domestic sector.
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5.2.3 Heat pump cost and performance
The baseline includes technology cost reductions over time for renewable heat
technologies (notably heat pumps), which may arise for a variety of reasons, including
innovation, “learning by doing”, maturing supply chains, and economies of scale.
Performance improvements for heat pumps are also included in the baseline, which see
the average COP values of heat pumps rise with year of installation such that units
installed in 2030 have a COP 1.0 units greater than the initial values.
This section considers the impact of a failure to meet the baseline performance standards
and cost reductions, as well as more optimistic projections, through scenarios outlined in
the table below.
Table 14: Heat pump cost and performance scenarios
Scenario name

Details

No COP improvement

Initial COP values are as used in the baseline, but no
improvement occurs for new installations in later years. This
represents a failure to achieve the efficiency improvements
assumed to occur in the previous work for the CCC.

Lower COP (-0.5)

All COP values for installations occurring in 2011 reduced by
0.5 (e.g. a baseline COP value of 3.5 becomes 3.0). This brings
efficiency values into closer alignment with existing UK field trial
data – see section 8.7. No other changes relative to the
baseline, i.e. improvements apply through time.

High COP
improvements (+1.5)

The increase in heat pump COPs with installation year is raised
from 1.0 to 1.5 by 2030.

No cost reductions
through time

Capital costs of heat pump and solar thermal systems remain at
current levels with no other changes to baseline assumptions
(i.e. RHI support decreases through time).

Cost reductions
through time reduced

The cost of a domestic heat pump system in 2030 is 62% of the
2011 cost. The „Cost reductions through time reduced‟
scenarios are between the baseline and „No cost reductions‟
scenarios. E.g. In the „Cost reductions reduced by 1/3‟ scenario
the 62% figure for domestic heat pumps becomes 74% (and
87% for the „Cost reductions reduced by 2/3‟ scenario).

Results
Heat pump performance
The impact of these scenarios, and a combined scenario of lower initial COPs and no
improvement through time, is shown below.
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Heat output from RES-H in 2020
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Figure 18: Impact of alternative heat pump performance projections on RES-H
delivered by 2020
The combined impact of failure to achieve claimed COP values and no improvements in
COPs over time leads to a 20% reduction in heat output from renewables in 2020 relative
to the baseline. The impact is even more pronounced by 2030, with a 34% reduction in
RES-H delivered under the „lower initial COPs & no improvement‟ scenario relative to the
baseline, as shown by the following graph.

Heat output from RES-H in 2030
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Figure 19: Impact of alternative heat pump performance projections on RES-H
delivered by 2030
On the other hand, higher COP improvements (which could result from technological
developments for example) could see heat pumps playing an even more significant role by
2030 (total RES-H output is 12% above baseline levels in the „high COP improvements‟
scenario).
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Relatively high COPs are needed for heat pumps to become attractive in a wide variety of
dwelling types. These results suggest that total heat delivered by heat pumps in 2030
could fall by over 50% in the event of performance improvements not being achieved.
To achieve long-term ambitions seasonal average COPs must reach c.3.5 for ASHP ATW
(residential applications), and c.4.5 or above for both ASHP ATA (non-residential
buildings) and GSHPs by the middle of the next decade. These figures are towards the
upper end of current European experience of using heat pumps with low temperature heat
distribution (see section 8.7.2). For COPs of UK installations to increase to these levels
improvements in technology and in installation and operation practices will be required. A
further implication is that wide roll-out of low temperature heat distribution systems (which
improve COPs) may be needed, and therefore upgrades to the building stock are required.

Heat pump costs
The baseline includes technology cost reductions with installation year (e.g. heat pump
costs are 62% of 2010 costs for installations occurring in 2030). To avoid over-supporting
installations that occur in later years, RHI levels in the baseline are reduced in line with
forecast reductions in levelised cost of energy resulting from capital costs falling. The
results below illustrate the effect of failing to achieve the cost reductions included in the
baseline (whilst maintaining baseline RHI support levels).
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Figure 20: Impact of failure to achieve cost reductions on RES-H delivered by 2020
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Heat output from RES-H in 2030
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Figure 21: Impact of failure to achieve cost reductions on RES-H delivered by 2030
RES-H delivered by 2020 under the scenario where cost decreases are slightly reduced
falls by 10% relative to the baseline. The impact by 2030 is far more marked, with a 25%
reduction. Unless RHI tariff levels are maintained at initial values (which would lead to high
policy costs) technology cost reductions will be essential for significant penetration of RESH in the UK heating market.

Conclusions


Heat pumps form a crucial part of the mix in realising RES-H ambitions, providing
c.50% of RES-H output by 2030 under the baseline. To meet long-term aspirations
for RES-H, seasonal average COPs must reach c.3.5 for ASHP ATW (residential
applications), and c.4.5 or above for both ASHP ATA (non-residential buildings)
and GSHPs by the middle of the next decade.



This level of efficiency improvement should be achievable given European
experience of using heat pumps. However, in a recent UK trial COP values were
lower than expected; this is a barrier that must be overcome.



Failure to achieve COP improvements could lead to reduced uptake such that the
heat delivered from heat pumps in 2030 falls by 50% relative to baseline levels.



Roll-out of low temperature heat distribution systems is one option to increase the
chances of high heat pump COPs being realised. This highlights the need to
continue with energy efficiency improvements to the existing building stock and
suggests policy interventions to encourage lower temperature in new build and
retrofit measures would encourage the efficacy of heat pump roll-out.
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5.2.4 Awareness of technology
Sensitivity scenarios were developed to assess the impact of different rates of awareness
69
growth, the impacts of which are presented below. The baseline includes no awareness
barrier, i.e. all consumers making heating system purchasing decisions are aware of the
full range of choices available. The awareness barrier was modelled by altering the initial
proportion of the population aware of renewable heat technologies (to 50%, 25% and 10%
70
for the low, medium and high scenarios).
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Figure 22: Representation of how the awareness barrier is implemented in the
model

Results
Due to the way awareness was modelled (through a diffusion-based approach), the
awareness barrier is expected to have a higher impact on uptake in the early years, with
no impact on years after which all consumers become aware of all technologies. The
results below show that the impact of the „medium‟ and „low‟ awareness barriers is very
low. In the extreme case, where it is assumed that only 10% of population are currently
aware of renewable heat technologies, a more significant impact on uptake is seen.

69

For a discussion of the “awareness” barrier see section 4.1.1.
There are limited data on consumer awareness of renewable heat technologies. One
source is an Energy Saving Trust study: At home with energy, (2010), which suggests that
c.35% of people had not heard of solar thermal, and 55% had not heard of GSHPs.
70
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Figure 23: Impact of awareness barrier on RES-H delivered by 2020 and 2030
In reality awareness is unlikely to be a significant barrier to the uptake of renewable heat
technologies. That is not to say that awareness is not an issue. Indeed, international
experience suggests that continued marketing campaigns are required to encourage
uptake, even once renewable heat technologies have achieved significant market
penetration.

Conclusions


With an RHI in place lack of awareness of renewable heat technologies is not
expected to be a major restriction to uptake.



However, continued marketing efforts will be needed to maintain the profile of
these technologies and maximise RES-H uptake.
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5.2.5 Risk and confidence
The concept of “risk and confidence” barriers is discussed in sections 3.8 and 4.2.2. Given
that it is not feasible to precisely quantify the impact of issues that fall under this term
(which include uncertainty around technology performance, future fuel prices, guarantees
for continued support etc.), a scenario-based approach was used to explore these
“barriers”. The willingness to pay curves are central to determining levels of uptake and
capture a degree of the risk and confidence issues (see section 4.2). In the scenarios
presented below we shift the WTP curves to reflect more and less conservative attitudes.
An example of how the WTP curves are shifted to reflect the confidence barrier is given in
the figure below.
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Owner-occupier WTP curves - reflecting the impact of
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Figure 24: Shift in owner-occupiers’ WTP curves to capture the confidence barrier
Similar shifts were applied to the WTP curves for all consumer types (see section 8.3.1 for
further details and for curves for the other consumer types).
Further scenarios were defined to illustrate the impact of different consumer decisionmaking behaviour:


“100% private landlord” scenario – all consumers make decisions based on the
private landlords‟ baseline WTP curves (i.e. all demand short paybacks).



“100% commercial public” scenario – WTP curves for commercial public
organisations allocated to all consumers (longer paybacks accepted).



“All dom. private landlords” scenario – private landlord behaviour imposed on each
of the domestic consumers.



“All dom. social landlords” – decision-making behaviour of all domestic consumers
is based on social landlords‟ WTP curves.

Results
The impact of shifting the WTP curves to reflect the confidence issue on uptake by 2020 is
presented below. Results for the extreme scenarios in which consumer groups are
allocated a single WTP curve are also included.
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Heat output from RES-H in 2020
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Figure 25: RES-H delivered by 2020 under different confidence scenarios
These results show the sensitivity of uptake to assumptions regarding consumers‟
willingness to pay. At one extreme, if all consumer groups make investment decisions
based on private landlords‟ WTP curves uptake remains very low (comparable to the no
RHI scenario presented in section 5.2.1 above). On the other hand, if the „confidence‟
barriers described above could be removed and all decision makers were to accept
paybacks in line with the „commercial public‟ consumer group, far higher levels of RES-H
deployment could be achieved.
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Figure 26: RES-H delivered by 2030 under different confidence scenarios
Results for 2030 mirror those for 2020 in terms of the relative levels of uptake under each
scenario. The scenarios in which consumer groups are allocated a single WTP curve are
of course extreme, but serve to illustrate the range of uptake possible as a function of
hurdle rates.

57

Achieving deployment of renewable heat
Final report

Conclusions


The baseline willingness to pay curves capture a degree of lack of confidence in
new technology, which includes issues ranging from concerns over how the
technology will perform to potential impacts on house values. The curves are
based on today‟s understanding of consumer decision making with respect to new
technology and as such represent a central projection of the impact of the
consumer confidence issue on uptake.



Measures to reduce or eliminate the issues captured under the „confidence‟ barrier
will improve the probability of RES-H ambitions being met. For example, in the
extreme case where half of all consumers will accept an implied hurdle rate of
23% (the „100% commercial public‟ scenario), uptake of the technologies
considered above is more than sufficient to meet 2020 and 2030 RES-H
ambitions.



Options for reducing the uncertainty around technology performance include field
trials, ensuring that installers are accredited and well-trained, and contracts to
guarantee fuel bills will not exceed set levels.



The tenure issue, where owner-occupiers expect to move home before the capital
outlay has been recouped, poses a threat to delivering the full potential of
renewable heat.
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5.2.6 Suitability
Not all renewable heat technologies are suitable in all building types, as discussed in
section 4.1.2. Suitability factors are applied to restrict the proportion of each building type
that may install a given technology. Suitability factors for the low, central (baseline) and
71
high scenarios are summarised below for a selection of dwelling types.
Table 15: Suitability factors by scenario and technology for a selection of dwelling
types
Consumer

House, suburban, on gas

Flat, suburban, on gas

House, urban,
SWI, on gas

House, rural,
SWI, off gas

Technology

Suitability factor by scenario
Low

Central

High

ASHP

50%

71%

78%

GSHP

42%

65%

72%

BM boiler

67%

83%

89%

Solar thermal

58%

75%

81%

ASHP

44%

64%

70%

GSHP

41%

63%

70%

BM boiler

0%

0%

0%

Solar thermal

67%

83%

89%

ASHP

0%

5%

10%

GSHP

0%

5%

10%

BM boiler

22%

31%

33%

Solar thermal

56%

74%

80%

ASHP

0%

5%

10%

GSHP

0%

5%

10%

BM boiler

67%

83%

89%

Solar thermal

50%

75%

83%

Suitability factors for solid wall (SWI) dwellings increase through time to reflect ambitions
for solid wall insulation programmes. Adjustments to the suitability factors reflect the
indicators set out by the CCC for two million solid wall homes to be insulated by 2020 and
72
three and a half million by 2030.

Results
Results for a selection of suitability scenarios are shown below. The „high‟ and „low‟
suitability scenarios correspond to increasing / decreasing suitability factors across all
73
consumer types in line with values used in a previous study for the CCC. In the „Micro
gas CHP‟ scenario renewable heat technologies are excluded from dwellings on the gas

71

For suitability factors for all consumer and technology types see section 7.6.
The Fourth Carbon Budget: Reducing emissions through the 2020s, CCC (December
2010), Table 3.5, p.106.
73
Decarbonising Heat: Low-Carbon Heat Scenarios for the 2020s, NERA & AEA for the
CCC (June 2010). Suitability factors for each technology were derived from in previous
work undertaken for DECC as part of the design of the RHI.
72
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grid. This reflects the extreme case of a world in which an alternative technology (such as
gas CHP) is preferred over renewable heating technologies in all suitable homes.
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Figure 27: Impact of suitability assumptions on RES-H delivered by 2020

74

These results highlight the importance of heat pumps gaining market share in the retrofit
market. Restricting heat pumps to new build dwellings (which tend to be more thermally
efficient and can be designed to incorporate low temperature heat distribution) has a
significant impact on RES-H delivery. When biomass boilers are restricted to rural
buildings only there is little impact on uptake by 2020, however a more noticeable effect is
seen by 2030, as shown below.

74

Key: BM = biomass, HP = heat pump, CHP = combined heat and power.
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Heat output from RES-H in 2030
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Figure 28: Impact of suitability assumptions on RES-H delivered by 2030
Under the „Micro gas CHP‟ scenario, where CHP becomes the preferred choice in all ongas dwellings, the overall level of RES-H delivered by 2030 falls by around 20% relative to
the baseline.

Conclusions


Heat pumps will have to penetrate the retrofit market, furthermore they will need to
gain market share in all dwelling types (on-gas as well as off-gas areas) for longterm RES-H ambitions to be realised.



Retrofit building insulation programmes will be important to increase the suitability
of the existing stock for heat pumps. Low temperature heat distribution should be
encouraged to maximise COP values.



Biomass-based heating systems will be needed in a range of area types, not just
in rural locations. Barriers to the use of biomass fuel in built-up areas include lack
of space for plant and fuel storage, air quality concerns (if within or in proximity to
a Smoke Control Zone or air quality management area), and fuel transportation
and delivery issues (e.g. adding to congestion). These will require attention to the
technologies themselves (to reduce actual emissions), to planning legislation (to
permit clean biomass combustors) and also to space planning in new buildings (to
ensure space for fuel storage and delivery).
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5.2.7 Fuel prices
Fuel prices, and in particular the differences in price between different fuels, impact the
economic attractiveness of renewable heat technologies. This section explores the effect
of alternative fuel price trajectories on RES-H delivered by 2020 and 2030. The graph
below summarises fuel price projections for the main fuels of interest for commercial
consumers under the Central fuel price scenario (see section 8.3.4 for all fuel price
assumptions).

Commercial fuel prices for selected dates to 2030:
Central fuel price scenario
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Figure 29: Commercial fuel prices to 2030 under the central fuel price scenario
Biomass chip prices remain below the price of natural gas in the Central scenario, which is
an important factor in the level of biomass-derived heat delivered. Under the high biomass
price scenario, biomass chip prices reach £47.5/MWh by 2030 (which corresponds to a
20% increase relative to Central prices). Other features of the fuel price scenarios include:


Fossil fuel prices are based on DECC‟s projections (IAG data). The IAG forecasts
include electricity and scenarios in which these electricity prices are used in place
of the CCC‟s projections are presented below.



Electricity prices for 2030 in the Central scenario were provided by the CCC.
Prices to 2020 are from the IAG Central case, with linear interpolation from the
IAG 2020 prices to the CCC 2030 prices.



Peak electricity prices in the Central scenario rise in real terms by 95% (on
average for the three sectors) in the period to 2030. This is well above the 43%
and 15% average increases in gas and non net bound fuel prices in the Central
scenario. A rapid increase in electricity prices relative to other fuels reduces the
economic attractiveness of heat pumps.

75

Full details of the fuel price assumptions for each sector are given in the appendix, section
8.3.4.

75

The electricity prices provided by the CCC were derived from the CCC‟s power sector
modelling work and are consistent with grid CO2 intensity projections.
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Results
The level of RES-H delivered by 2020 under a selection of fuel price scenarios is shown in
the graph below. In each case electricity prices are based on the CCC‟s central price
projections.
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Figure 30: Sensitivity of RES-H delivered by 2020 to alternative fuel price
projections
Low fossil fuel prices make the incumbent heating option cheaper and hence increase the
payback time for renewable heat technologies seen by consumers. For a given RHI level,
low fossil fuel price projections (with no change in electricity or biomass prices) therefore
reduce uptake of renewable heating technologies. Under the „High‟ biomass price
scenario, which sees biomass chip prices 20% above the levels in the Central scenario by
76
2030, the level of RES-H from biomass falls by 10% by 2020 and 35% by 2030. The
„High ff and high biomass‟ scenario suggests that the level of biomass uptake could
increase (relative to the baseline) even with increasing biomass prices, provided that fossil
fuel prices also increase more rapidly than in the baseline.

76

Note that biomass chip prices in 2030 are £47.5/MWh under the high biomass price
scenario. Based on a typical energy density of 2.5MWh/t for chips this equates to a price
of £119/t.
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Heat output from RES-H in 2030
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Figure 31: Sensitivity of RES-H delivered by 2030 to alternative fuel price
projections
The uptake projections behind these results are calculated based on consumers using the
fuel prices in the year of purchase to evaluate the financial proposition. In reality
consumers also have opinions on how fuel prices may change in the future which might be
factored into the decision of what type of heating system to select. Placing caps on
electricity prices for heat pumps for example could give consumers reassurance and
certainty over future fuel spends, thus enhance the proposition of buying a heat pump.
Given the central importance of electricity prices on the economic attractiveness of heat
pumps, the sensitivity of results to alternative electricity price assumptions has been
explored. The graph below shows the prices seen by domestic consumers under each
electricity price scenario.
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Figure 32: Electricity price projections for domestic consumers
The graphs below show the impact of alternative electricity price forecasts on levels of
RES-H delivered by 2020 and 2030.
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Figure 33: Sensitivity of RES-H delivered by 2020 to alternative electricity price
projections
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Heat output from RES-H in 2030
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Figure 34: Sensitivity of RES-H delivered by 2030 to alternative electricity price
projections
The CCC‟s power sector modelling work shows significant reductions in the carbon
intensity of grid electricity, which will reduce the emissions from electrically-powered
heating systems. However, failure to decarbonise the grid will reduce the carbon savings
available from heat pumps. Furthermore, the results above show that rising electricity
prices pose a significant threat to realising RES-H ambitions.

Conclusions


High fossil fuel price increases, or expectations amongst decision makers that
fossil fuel prices will rise rapidly, lead to higher uptake of renewable heat
technologies and therefore enhance the chances of RES-H ambitions being
achieved. Fossil fuel prices remaining low will have the opposite effect.



Biomass boilers play a central role in meeting long-term RES-H aspirations.
Biomass chip prices must remain at or below the gas price to deliver the full
potential in the non-domestic sector.



High domestic electricity prices are a major potential barrier to uptake of heat
pumps. This is demonstrated by the high and high high IAG electricity price
projection scenarios, under which output from heat pumps falls by 30% and 50%
relative to the baseline respectively.
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5.2.8 Hassle barriers
The only “hassle” barrier included in the baseline is for the value of consumers‟ time in
researching new renewable heat technologies. However, as noted in section 4.1.4 above,
a range of hidden and missing costs may be present. By definition these costs are difficult
to quantify and the impact of hassle barriers is therefore explored through a scenariobased approach.

Results
The hassle barrier scenarios involve increasing the capital cost seen by consumers (see
section 4.1.4 for quantification assumptions). The impact of the hassle barriers considered
is shown in the figures below.
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Figure 35: Impact of hassle barriers on RES-H delivered in 2020 and 2030
The biomass boiler hassle barrier has a limited impact on overall uptake (11% reduction in
heat from biomass in 2030 relative to the baseline), which suggests that the tariffs for the
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non-domestic sector provide sufficient incentive for most consumers even when a cost is
77
added for lost space. However, adding a £1,000 perceived capital cost to total heat pump
system costs (representing the loss of space due to installation of larger radiators) and an
additional £1,600 for GSHPs (representing the “hassle” cost of digging up a garden), leads
to output from heat pumps in 2030 falling by 50% relative to the baseline

Conclusions


Hassle barriers not explicitly captured in the design of the RHI (e.g. value of lost
space due to installing over-sized radiators to maximise heat pump COPs) could
reduce the levels of RES-H delivered by 2030.



The exact extent of the hidden and missing costs represented by the hassle
barriers is unclear and likely to vary significantly between consumers.



This highlights the case for targeting consumers who do not (or are less likely to)
perceive the hassle costs, e.g. people carrying out extensive refurbishment
projects.



Another way of removing the “hassle” barrier of large radiators would be to follow
the Swedish example and change Building Regulations to limit heating systems‟
heat distribution temperatures (see section 8.8.4).

77

The space and refuelling hassle barrier applied to the domestic sector would not be
expected to have much impact due to the low levels of biomass boiler adoption in
dwellings in the baseline.
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5.3 Combined barriers
Results in section 5.2 relate to the introduction of specific individual barriers. In this section
we consider the potential impact of a combined set of barriers by defining best and worst
case scenarios, as summarised below.
Table 16: Combined barriers scenarios – definition
Best case

Worst case

Central / High growth rate (see below)
High confidence
Heat pump performance improvements
through time
High fossil fuel prices, CCC central
electricity price projections
High suitability
Low biomass prices

Low / Low Low growth rate (see below)
Low confidence
Lower initial COPs (-0.5) and no
improvements to heat pump performance
through time
Low fossil fuel prices, IAG (high) electricity
price
Low suitability
High biomass price

The results of the previous sections show that industry growth rates are a key determinant
of the levels of RES-H delivered. Two versions of each of the scenarios set out in the table
above have therefore been considered: best case with central and with high growth, and
worst case with Low and with Low Low growth rate assumptions.

Results
The levels of RES-H supplied in 2020 and 2030 under the best and worst case scenarios
are shown in the graphs below.
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Figure 36: RES-H delivered in 2020 under Best and Worst case scenarios

69

Achieving deployment of renewable heat
Final report

Heat output from RES-H in 2030
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Figure 37: RES-H delivered in 2030 under Best and Worst case scenarios
Financial support is provided to all sectors in the form of an RHI in all the scenarios
presented above. These results highlight the wide range of potential outputs between the
extreme cases of barrier combinations. Under the worst case scenarios low confidence,
poor technology performance, low fossil fuel prices and high biomass (and electricity)
prices combine and demand for renewable heating technologies remains low (despite RHI
78
support). In contrast, the best case scenario, with optimistic assumptions around these
parameters, leads to over 55% of 2030 heat demands being met by renewable heat
technologies.

Conclusions


The combined barriers of low supply chain growth rate, poor technology
performance, low confidence, and low fossil fuel prices could severely restrict
renewable heat technology uptake (such that RES-H in 2030 is only 8% of the
ambition in the CCC Central scenario).



With an optimistic outlook of these parameters (from a RES-H point of view), the
RES-H ambitions can be met and even exceeded (RES-H output on an ARR basis
is 90% above the CCC Central scenario level in 2030).



These results demonstrate the wide range of possible outcomes under the RHI
and thus highlight the need to address all types of barriers.

78

The best and worst case scenarios are defined as extreme examples and do not
represent likely futures.
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5.4 RHI degression
5.4.1 Introduction
Degression refers to the reduction in RHI payment levels over time. For example, under
degression an installation occurring in 2017 would receive a lower level of support than
one in 2016. Degression is an important aspect of support schemes for technologies
whose costs are expected to fall over time to avoid excessive subsidy payments.
At the time of writing the government has not announced degression rates for the RHI. In
the baseline tariff degression was therefore based on the expected fall in levelised cost of
79
energy (LCOE) due to technology capital cost reductions (see section 8.3.5). Baseline
degression rates were determined with a constant fuel price (i.e. the uncertainty
associated with future fuel price changes was removed from the calculation as this was
assessed separately).

5.4.2 Results
To investigate the impact of alternative degression rate assumptions two scenarios are
considered:


No RHI degression – RHI support levels are constant throughout the period to
2030 (i.e. support received is independent of year of installation).



Degression based on LCOE with varying fuel prices – unlike in the baseline
(where fuel prices are kept constant for the purposes of finding degression), this
scenario includes baseline fuel price projections in the calculation of RHI levels
required.



High degression – RHI support cut more rapidly than in the baseline (at twice the
baseline rate). This represents a scenario in which tariff levels are reduced faster
than expected technology cost reductions.

RHI levels in 2020 and 2030 under the alternative degression scenarios are shown in the
following table.

79

LCOE is calculated from annualised capital costs, annual operating costs and fuel costs
divided by the total energy delivered. In the baseline the fuel cost component is kept
constant over time, but the annualised capital costs are lower for installations that occur in
the future for technologies whose capital costs are expected to reduce over time. The
percentage change in LCOE relative to 2011 levels is used to set the degression rate for
each technology.
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Table 17: RHI support levels (p/kWh) in 2020 and 2030 under each degression
80
scenario
2020

ASHP

Biomass boilers

GSHP

Solar
thermal

2030

Baseline

Inc.
fuel

High

Baseline

Inc.
fuel

High

Domestic

6.1

6.6

4.6

5.1

6.7

2.7

Domestic

5.7

6.0

4.4

4.7

5.7

2.5

Non-dom. (large)

2.5

2.7

1.9

2.1

2.8

1.1

Domestic

9.0

8.8

9.0

9.0

9.1

9.0

Non-domestic
(<200kWth)

6.2

7.0

6.2

6.2

7.5

6.2

Non-domestic
(200–1,000kWth)

2.8

3.2

2.8

2.8

3.4

2.8

Non-domestic
(<1MWth)

2.6

2.9

2.6

2.6

3.1

2.6

Domestic

15.3

15.3

12.5

13.9

13.9

9.7

Non-domestic

6.5

6.5

4.5

5.1

5.1

1.7

Uptake by 2020 and 2030 under these scenarios is shown in the following figures.
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Figure 38: RES-H delivered by 2020 under alternative degression rate assumptions

80

The „Inc. fuel‟ scenario corresponds to the „Degression based on LCOE with varying fuel
prices‟ scenario plotted below. In this scenario central (baseline) fuel prices are included in
the calculation of LCOE that is used to set degression rates.
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Heat output from RES-H in 2030
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Figure 39: RES-H delivered by 2030 under alternative degression rate assumptions
The figure above shows the impact of higher RHI levels (lower degression over time).
There is little impact before 2020, as the RHI is sufficient to keep the market in a growth
constrained mode. After 2020, the market is sensitive to the size of the RHI subsidy, a
fixed subsidy with no degression could increase uptake by as much as 25%. On the other
hand, cutting RHI levels too rapidly leads to significantly reduced uptake.
The downside of continuing high RHI support is the cost of the policy. The levels of
subsidy support required under the baseline are presented in the appendix, section 8.10.2,
which shows that total annual RHI subsidy payments reach c.£6bn in 2030 under the
baseline. This figure rises to £10bn/yr in 2030 under the „No RHI degression‟ scenario.

5.4.3 Conclusions


The 2030 ambition for RES-H could be met with sustained support for renewable
heat technologies at the initial levels currently proposed.



However, with no tariff degression subsidy costs are likely to be very high (e.g.
annual payments under the RHI c.65% higher than baseline values).
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5.5 Achieving RES-H ambitions
In the preceding sections we considered the impact of various barriers and barrier
combinations on the uptake of renewable heat. This section looks at what is required to
realise the aspirations for RES-H previously derived by the CCC.

5.5.1 Definition of RES-H ambitions
Previous modelling work by the CCC led to the following ambition for renewable heat
(consistent with the „CCC Central‟ results presented above).
Table 18: Ambitions for RES-H output from selected technologies from previous
81
CCC modelling
2020

2030

Heat output (TWh/yr)

63

214

Additional renewable resource (TWh/yr)

55

174

The results that follow consider how the ambition in terms of total heat output could be
82
achieved.

5.5.2 Near term (2020 ambition)
Given sufficiently high financial support for renewable heat technologies, uptake is growthconstrained in the initial years (see Table 11, section 5.1.2). Supply chains will have to
expand rapidly to meet growing demand under an RHI that provides an attractive return.
The scenarios presented below are based on the assumption that growth rates in line with
the „High‟ growth scenario are achieved. Other features of the scenarios are given in the
following table.

81

Heat output from ASHPs, GSHPs, biomass boilers, and solar thermal only, i.e. totals
exclude contribution from biogas, biomass CHP and renewable district heating.
82
Note that scenarios from this study that achieve the same level of renewable heat output
as the previous CCC work tend to show higher overall ARR. This is due to the different
technology mix (more heat from biomass, less from GSHPs) in this study‟s results, as
noted in section 5.1.2.
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Table 19: Definition of scenarios that meet the 2020 ambition
Scenario

Supply side
growth rate

RHI duration

Other features
(non baseline inputs)

No time
costs

High

2012–2030 (domestic)
2011–2030 (non-domestic)

Barrier of time to research
technologies removed

High oil
price

High

2012–2030 (domestic)
2011–2030 (non-domestic)

High oil prices from IAG
83
scenario

High
suitability

High

2012–2030 (domestic)
2011–2030 (non-domestic)

„High‟ suitability scenario

2012–2030 (domestic)
2011–2030 (non-domestic)

WTP curves for
„Commercial CRC / SME‟
investors changed to those
for „Commercial – public‟
(i.e. increased WTP)

Higher
WTP (nondomestic)

High

Uptake of renewable heating technologies in terms of RES-H delivered in 2020 under
these scenarios is shown below. The CCC Central, this study‟s baseline and „High‟ growth
scenarios are plotted for comparison.

Heat output from RES-H in 2020
80
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Figure 40: Scenarios to meet 2020 ambition for RES-H
The „No time costs‟ scenario represents a world in which (trusted) information on
renewable heat technologies is widely available, such that consumers experience little or
no additional time burden in selecting these technologies. Combined with high industry
growth rates, removing this barrier leads to RES-H uptake in 2020 within 2% of the CCC
Central scenario value.
In the „High oil price‟ scenario heating oil prices in line with the IAG High projections are
used (again with high growth rates). This sees domestic heating oil prices rise from
83

For example oil prices for domestic consumers go from c.£40/MWh in 2011 to
c.£48/MWh in 2030 in the Central scenario and £47/MWh in 2011 to £60/MWh in 2030
under the High scenario (in 2010 prices).
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46p/litre in 2011 to 59p/litre in 2030 (compared to the Central case values of 39.5p/litre
84
(2020) to 47p/litre (2030)). Based on heating oil prices over the past year it could be
argued that the IAG „High‟ projections are a more likely future scenario than „Central‟ case
oil prices. If this is the case, then facilitating supply-side growth (such that industries may
expand in line with the „High‟ growth rate scenario) should be sufficient to meet the 2020
85
ambition.
The concept of “suitability” barriers is discussed in section 4.1.2, above, which notes that
suitability constraints fall into three categories: grade and quality of heat, space
requirements (for plant and fuel storage), and local impacts (other issues). The suitability
factors used to represent these barriers were derived in previous work for CCC and
DECC. However, there is some uncertainty associated with these factors, hence „Central‟,
„High‟ and „Low‟ scenarios were defined. The „High‟ suitability scenario represents more
optimistic assumptions around the proportion of total heat loads that may be met by
86
renewable heating technologies. The results above show that factors between the
Central and High cases, combined with high industry growth rates, would be sufficient for
2020 ambitions to be realised. Government-supported RD&D activities to increase the
suitability of buildings for existing renewable heating technologies, or develop new
solutions, could increase the chances of achieving RES-H ambitions.
Under the final scenario considered above investor attitudes were modified for private
businesses so that they make decisions in line with public sector organisations (i.e. they
87
are willing to accept longer payback periods). This could be achieved if confidence in the
RHI were increased (and institutional barriers removed), for example by government giving
clear signals regarding the long-term future of the scheme, independent technology
demonstration trials etc. Such a shift sees RES-H uptake by 2020 within 1% of the CCC
Central scenario.

84

Note that average heating oil prices in the UK have fluctuated between around 40p/litre
to over 70p/litre within the last year (www.boilerjuice.com/heatingOilPrices.php).
85
One way to ensure oil prices remain high would be to impose a carbon tax on fossil
fuels, as used in Sweden (see section 8.8.4).
86
E.g. in the Central scenario (baseline) domestic ASHPs can access 40% of total
domestic heat demands and biomass boilers can access 74% and 55% of commercial and
industrial heat loads respectively. These figures increase to 46% for domestic heat pumps
and 78% and 85% for biomass boilers in the High suitability scenario.
87
See WTP curves for non-domestic consumers in Figure 9, section 4.2.1.
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5.5.3 Longer term (2030 ambition)
Scenarios to achieve the 2030 ambition build on (but differ slightly from) those presented
88
for 2020 above.
Table 20: Definition of scenarios that meet the 2030 ambition
Scenario

Supply side
growth rate

RHI duration

Other features
(non baseline inputs)

High ff
prices

High

2012–2030 (domestic)
2011–2030 (non-domestic)

High oil and gas prices
(IAG)

High high
oil, offpeak
electricity

High

2012–2030 (domestic)
2011–2030 (non-domestic)

High high oil prices (IAG),
off-peak electricity prices for
domestic heat pumps

High high
oil,
reduced
GSHP
costs

High

2012–2030 (domestic)
2011–2030 (non-domestic)

High high oil prices (IAG),
GSHP costs reduced by
25% (for all consumers)

Increased
confidence

High

2012–2030 (domestic)
2011–2030 (non-domestic)

Changes to WTP curves to
reflect increased confidence
(all consumers accept
longer payback periods)

High
suitability

High

2012–2030 (domestic)
2011–2030 (non-domestic)

„High‟ suitability scenario
and High oil prices (IAG)

Total RES-H delivered in 2030 under these scenarios is shown in the following figure.

88

Note that uptake by 2030 under the „2020 ambition‟ scenarios is not sufficient to meet
2030 ambitions, i.e. further action will be required to meet the longer-term (174TWh/yr
RES-H) aspiration.
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Heat output from RES-H in 2030
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Figure 41: Scenarios to meet 2030 ambition for RES-H
These results show that there is a range of plausible scenarios under which the 2030
RES-H ambition is achieved, provided that the RHI (or equivalent support) continues
through the 2020s and that supply chains are able to expand at a high rate in the initial
years. Policy intervention to continue to provide a financial case for renewable heating
technologies and to support supply chain growth will therefore be critical. Further actions
that could be taken to facilitate these outcomes include:


Measures to ensure that fossil fuel prices rise to make incumbent heating systems
more expensive (roughly in line with IAG high projections). This could be achieved
through, for example, carbon taxes on all fossil fuels.



Tailored electricity tariffs for heat pumps to keep the „fuel‟ costs for this technology
below peak electricity prices.



Provide certainty around the longevity of the RHI through clear policy
commitments, and demonstrate the performance of renewable heating
technologies through independent field trials.



Increase the suitability of all properties for renewable heat technologies, for
example by continuing efforts to improve energy efficiency and rolling out low
temperature heat distribution systems.
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6 International deployment of renewable heat: EU case
studies
6.1 Introduction
The renewable heating sector has attracted increasing attention in recent years, with many
EU countries aiming to increase RES-H supply in the context of European Directive
89
2009/28/EC. There is a wealth of international experience which could inform UK RES-H
policy. Five national case studies are presented here, examining selected European RES
policies and drawing pertinent lessons to inform UK RES-H policy in two ways:


To provide insight into how the proposed RHI might be most effectively deployed,
and what policy pitfalls can be avoided.



To suggest supporting policies which can complement the proposed RHI (e.g.
regulatory or educational measures) or remove barriers to RES-H uptake under
the RHI (e.g. addressing issues with technology performance or suitability).

Not all existing RES-H policies are examined in each case study, but only those
considered most relevant for UK policy. The countries and policies considered are listed
below:
Table 21: RES-H instruments considered in international case studies
Country

Financial incentive

Regulatory
instruments

Other instruments

Germany

EEG feed-in tariff
(2000)
Market Incentive
Programme (1999)

Renewable Heat
Law (2009)

N/A

Feed-in tariff (2008)

Regional solar
ordinances (2000)
Technical building
code (2006)

N/A

Spain

RES promotion
programme (2004)
R&D and training
schemes (1980s)

Austria

Upper Austria Energy Action Plan (1993)

Sweden

Heat pump capital
subsidies (2006)

Low-temperature
building regulations
(1984)

Heat pump
procurement
competition (1998)

France

Renewable energy
tax credit (2001)

N/A

Heat pump
technology trials
(2002)

Each case study is presented in detail in the appendix, section 8.8. International
experience of biogas is examined as a separate case study.

89

Directive 2009/28/EC of the European Parliament and of the Council on the promotion of
the use of energy from renewable sources and amending and subsequently repealing
Directives 2001/77/EC and 2003/30/EC.
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6.2 Lessons learnt for UK
Market intervention is necessary to achieve RES-H growth
None of the countries examined has seen significant uptake of the RES-H technologies
considered in this study without market intervention by Government.


Heat pumps occupy a significant share of the heating market in Sweden, with
70,000 ASHP sales in 2010 (c.25% of the heating market). However, prior to a
state run procurement competition in the mid-1990s, there was no significant
uptake, with uptake low and steady from 1986–1995.



The implementation of the French Renewable Tax Credit in 2001 caused solar
thermal markets to expand, starting ten years of uninterrupted growth which saw
2
400,000m installed in 2008. Prior to 2001, the solar thermal market was much
2
smaller, with less than 30,000m installed per year from 1995 to 2000.

Local context must be accounted for when drawing lessons for UK policy
In countries which have experienced significant uptake of RES-H technologies there are
often contextual factors and market influences which have shaped the RES-H markets.
Local context must therefore be taken into account when attempting to draw lessons for
UK policy from international experience.


High electricity and fossil fuel prices in Sweden mean that RES-H technologies are
competing against a costly incumbent. The lack of a mains gas grid and the
prevalence of direct electric heating make heat pumps a natural and competitive
choice for a primary heating system. This is in contrast to the UK market,
characterised by a mains gas grid and a low-cost incumbent.



Austria‟s projected RES-H share of 30.4% in 2010 is largely dependent on heat
from solid biomass. Such a large market share is possible because Austria has
forest coverage of 46%, making it one of the most densely forested countries in
Europe. This too is in contrast to the UK, where any significant demand for solid
biomass fuel is likely to be met from international supply.

A comprehensive package of policy measures is more effective than
individual measures
Mechanisms for market interference can largely be categorised as „financial‟ (incorporating
direct subsidy and fiscal measures), „regulatory‟ (legislative measures which directly
mandate the use of RES-H, or indirectly support the growth of markets or industries),
„confidence improvement‟ (such as certification schemes or public trial programmes to
improve consumer trust in the technology), or „educational‟ (such as promotional
campaigns to spread awareness of a technology). The greatest success in stimulating
RES-H uptake has been seen where all of these types of measures are packaged
together. This is because barriers to uptake often exist which cannot be overcome
efficiently by financial incentive only.
The „Upper Austria Energy Action Plan‟, introduced in 1993, was aimed at stimulating
uptake of small biomass boilers and solar thermal installations. From 1994 to 2010, RES-H
share in the region increased from 25% to 40%. The policy measures included:


Capital grants linked to equipment quality certification.



Energy efficiency requirements for eligibility for RES-H support.
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Face-to-face energy advice programmes with domestic and commercial building
owners.



Informational campaigns to spread awareness of new technologies. These were
well targeted, for example, a campaign to educate chimney sweeps about RES-H
ensured the information passed directly into homes.

Regulation is a powerful tool for guaranteeing uptake of RES-H
Policy packages incorporating some form of regulation are effective in ensuring large-scale
RES-H uptake. These measures carry a low direct cost to the public purse and hence
90
have proven attractive. While they are the most stable measures available (in terms of
guaranteeing a long term market), they can be sensitive to market factors.


A regional solar thermal obligation for new and refurbished buildings in Barcelona
resulted in 2005 installed capacity of 15kWth/1,000 inhabitants, twenty times the
installed capacity in 2000. A similar national building code implemented in 2006
doubled the national installed capacity by 2008 (575MWth installed in 2008/9), at a
cost of €168m for 2008 and 2009. A slowdown in the Spanish building market in
2009 caused the market to contract by 10%, as the ordinance was targeted at
new-build and refurbished buildings.

Financial incentives can be effective, but are costly and sensitive to market
fluctuations, necessitating continuity
In all countries examined, some form of financial mechanism has been necessary at some
time to make RES-H technologies an economically viable option. Financial incentives can
be successful in kick-starting RES-H markets and sustaining high growth levels, but such
an approach is costly to the rate-payer and is vulnerable to short-term market and political
volatility. This necessitates a long-term commitment and policy continuity to build
consumer and supply chain confidence.


Under the German EEG feed-in tariff for renewable electricity, generation
quintupled to 93TWh from 1990–2009, with policy costs passed on to consumers
via a levy on electricity bills. Regular review periods and published degression
rates have maintained steady growth for all technologies supported.



The German Market Incentive Programme (MAP) offers capital investment support
for RES-H, and from 1999–2009 a policy spend of €827m triggered investments
worth €6.5 billion. The MAP has been reliant on public funding, subject to annual
approval, and speculation around the future of the MAP had a strongly negative
effect on uptake, with a 23% solar thermal market contraction in 2009.



The French Renewable Tax Credit has been in place since 2001, and stimulated
long-term growth in solar thermal and biomass markets, as well as doubling the
market for heat pumps for two successive years after their inclusion in the
91
programme. The policy cost is lower than a direct subsidy, as around 70% of the
subsidy cost is recuperated through VAT.



The need for policy continuity is illustrated by the effect of changes made to the
electricity feed-in tariff for PV in Spain. Over-subsiding of PV in 2008 led to far

90

Having said this, regulation will result in costs to the economy which could be significant
(depending on the stringency of the regulation).
91
This sceheme, targeted at the household sector, allows consumers to offset a portion of
renewable heat technology equipment costs (up to 50%) against their tax bills.
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higher uptake than expected (2.5GWe in 2008). A lower policy cap in 2009 and
2010 led to only 0.5GW being installed per year. This „boom and bust‟ effect has
damaged consumer and supply chain confidence, leading to a manufacturing
surplus and the loss of jobs in the sector.


The benefits of a long-term commitment are seen in solar thermal financial
incentives in Austria. Financial incentives for solar thermal systems have been
offered since the late 1970s, resulting in a mature market and a positive
investment climate. It is significant that the Austrian solar thermal market did not
contract in 2009, unlike most other European countries, which indicates a stable
market condition.

Persistent, targeted awareness campaigns are not just for new technologies
Awareness and education campaigns are not limited to immature markets where
technology penetration is low. Countries with mature RES-H markets continue to promote
these technologies. This suggests that continuing promotion is necessary to ensure that
consumers not only are aware of technologies, but also that they are reminded of them
over a longer period.


The „klima:activ‟ programme was implemented in 2004 to promote the use of RESH technologies in Austria. In the context of national financial and legislative
support mechanisms, the programme funded informational campaigns and other
promotional measures. At the time of implementation, renewable heat markets
were already growing considerably, with biomass and solar thermal having
achieved significant market penetration. Programmes such as ‘Spar mit solar’
(‘saving with solar’), funded through „klima:activ‟, were successful in increasing
regional uptake of solar thermal by persistently targeting decision-makers with
awareness campaigns.

Heat pump performance in Europe is higher than observed so far in the UK –
driven by high performance standards in rebates and procurement
competitions
As discussed above, recent trials in the UK have demonstrated low COPs for heat pumps.
Technology performance in more mature markets is more positive. Heat pumps COPs in
France and Sweden far exceed those currently seen in the UK trials. The use of
procurement competitions, investment in R&D and mandating performance standards
appear to have been effective in improving technology performance over a short period.


French ASHP technology trials were carried out between 2002 and 2005, prior to
the inclusion of heat pumps within the Renewable Tax Credit, and the subsequent
800% market demand growth for ATW ASHPs between 2004 and 2008. In 2008,
the required COP for eligibility for the Renewable Tax Credit was raised to 3.3,
which indicates improved performance over 2004 levels.



A Swedish national procurement competition in 1998 drove significant advances in
ground source heat pump technology over five years, at a low programme cost of
€11m. Anecdotal evidence suggests GSHP COPs of between 3 and 6 have been
achieved for recent installations, indicating significantly better performance than in
the UK. For more details on European heat pump performance, see section 8.7.

82

Achieving deployment of renewable heat
Final report

Active R&D programmes have also achieved measurable effects on
technology performance


Two decades of R&D in Austria resulted in a new generation of biomass boilers
with much higher performance than existing installations. Efficiency in 2000 was
almost 90% (compared with 55% in 1980), with near-zero CO emissions. While
this timescale is much longer than is required for technological advance in the UK,
it is clear that technology performance can be improved.

Indirect legalisation has also had a major impact in the more mature RES-H
markets
Legislative measures are possible which support RES-H industries without directly
mandating uptake of the technologies. Such policies create a strong and stable market for
renewable heating technologies by increasing their competitive advantage relative to
alternative heating systems.


The introduction of CO2 taxation on fossil fuels in Sweden in 1990 contributed to
high oil prices. This high cost makes heat pump installations and biomass boilers
much more economically attractive, leading to high and stable demand for these
technologies.



Swedish building regulations implemented in 1984 mandated low-temperature
heating systems in new-build properties. As a result of these regulations, the
current Swedish building stock is well-suited to the installation of heat pumps,
such that heat pumps can now compete against other primary heating systems
without support.

Generous financial incentive is necessary for biogas
The significant growth of biogas is seen only where generous financial incentives are
offered, complemented by non-financial measures.


The biogas market in Germany has grown significantly since 1996, with the
introduction of low-interest loans available to biogas plants. Electricity generation
from biogas has been stimulated by the 2000 EEG feed-in tariff, and the 2002
CHP law, offering generous incentives for electricity generated from biogas
(current levels 9c/kWh for landfill gas under 500kW, 6.16c/kWh thereafter with
multiple premiums for efficiency, agricultural feedstock etc.). 10TWh of final
electricity energy consumption was from biogas in 2009, at a subsidy cost of
around €1.3bn. Heat production from biogas benefits from tax exemptions on
biogas combustion and a 2006 biogas research programme. The 2008 Gas Grid
Ordinance improved feed-in conditions for biomethane injection. As a result,
49TWh of primary energy output in 2009 was from biogas (largely from energy
crops) – by far the largest supply in Europe.

Significant barriers to uptake of biogas risk preventing financial incentives
from being effective
Significant barriers exist to the development of a national biogas industry – without
addressing these barriers, a financial incentive will have little effect.


The cost of connection to the gas grid for biogas injection is a significant barrier to
uptake of biomethane injection plants. In Germany, the gas distribution system
operator is required to bear 75% of this cost, and low-interest loans are available
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to cover the remaining cost, thus removing this barrier. In Austria, however, no
such scheme exists, resulting in an unattractive economic prospect for new biogas
plants. As a result, despite a generous feed-in tariff uptake has been limited.


Biogas plants in Austria have struggled to maintain economic viability over recent
years. Biogas plants generating electricity in Austria must use CHP due to an
efficiency requirement, but the inefficient utilisation of produced heat has led to
economic difficulty in many cases. In the case of a similar requirement being
introduced in the UK, research and education should be targeted at the efficient
use of heat produced.
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7 Conclusions and policy implications
We developed a model to represent consumer choices and thus forecast the uptake of
renewable heat technologies based on assumptions broadly consistent with previous
DECC and CCC modelling work. Prior modelling work for DECC and the CCC used a
detailed bottom-up model, which formed the basis for the CCC‟s proposed ambition for
renewable heat:


12% of total heat demand to be supplied by RES-H by 2020, and



Around 35% of total heat demand to be supplied by RES-H by 2030.

92

These are the levels set out in the CCC‟s Medium Abatement scenario and form the basis
of the values against which uptake of RES-H under the scenarios defined in this study are
93
assessed.
Our baseline scenario includes the RHI and a representation of the key barriers:
aggressive consumer discounting, suitability limitations for each technology and plausible
growth rate assumptions. The baseline shows a level of heat uptake by 2030 which is
around 29% below that of the CCC‟s Medium Abatement scenario. Much of the difference
is due to lower forecast uptake of GSHPs, which results from upward revision of cost
estimates and the representation of consumer (rather than “social”) decision-making
(many consumers demand shorter paybacks than this technology offers). Uptake in terms
of additional renewable resource is 13% below the CCC Medium Abatement scenario
94
indicative figures for both 2020 and 2030.
The graph below shows the impact of some of the primary barriers identified and
modelled.

92

Figures on an ARR basis. The 12% figure was derived in modelling for DECC, which
involved constructing bottom-up supply curves and setting RHI levels to compensate
reference installations at the mid-point of the curves. Subsequent work for the CCC by
NERA and AEA considered uptake on a cost of carbon saving basis, from a social cost
perspective (including a 3.5% discount rate).
93
Note that the CCC ambitions include all sources of renewable heat. The focus of the
quantitative analysis in this study was on building-scale technologies. Adjustments have
therefore been made to exclude heat from biogas, biomass CHP and district heating in the
CCC scenario.
94
For details of the difference between renewable heat and ARR see section 8.3.7.
85

ARR delivered from RES-H as a % of
Medium Abatement scenario levels

Achieving deployment of renewable heat
Final report
ARR delivered in 2020 and 2030 under selected scenarios relative to CCC
Medium Abatement (Central) scenario RES-H ambitions
(excluding biogas, CHP & DH)
120%
100%
80%
60%
40%
20%
0%
Baseline:
RHI to
2030

No RHI

RHI to
2020

RHI from
2012

2020

Growth:
Low

Growth:
High

High BM
price

Low ff
prices

2030

Figure 42: Impact of selected barriers on RES-H delivered by 2020 and 2030 relative
to CCC’s Medium Abatement scenario ambitions
The main conclusions from the analysis and related policy implications are presented
below.

7.1 Principal barriers: economic factors & supply-side
constraints
The levels of support currently proposed under the RHI will be required beyond
2020 in order to stimulate the consumer demand for renewable heating technologies
needed to achieve medium and long term ambitions for renewable heat.


Uptake under this study‟s baseline is somewhat lower than seen in previous CCC
modelling (c. 30% less RES-H in 2030 than the CCC Central scenario). This is
attributable in part to less optimistic assumptions about consumers‟ willingness to
incur up-front cost, revised GSHP costs and the use of fuel prices seen by
consumers (as opposed to costs calculated using a social metric).



Modelling results must be regarded as highly uncertain. The policy approach of
supporting renewable heat through subsidies is largely untried, and rapid growth
from a very low base and in the presence of a strong outside option (the gas grid)
has never before been attempted. This means continued review of the efficacy of
the RHI against the CCC‟s uptake trajectory will be needed.

The relatively high capital cost of renewable heat technologies may act as a barrier
to uptake, even with support from the RHI.


The up-front costs of renewable heating technologies are high (e.g. domestic heat
pump costing in the region £5,000–£8,000 more than the incumbent choice). Many
households and some businesses may struggle to finance such investments.



The main potential sources of finance are:


Up-front support provided by government.



Private finance offering loans (which may be conventional loans or through
other mechanisms such as the Green Deal).

86

Achieving deployment of renewable heat
Final report



A government-sponsored loan scheme.

Without finance from one of these sources uptake could be limited, even with
generous ongoing support through the RHI. Continuous evaluation of the
effectiveness of the RHI policy is therefore required.

The tendency of consumers to discount future savings heavily is also a major
barrier to deployment of RES-H technologies.


Renewable heating technologies are generally characterised by higher capital
costs than conventional heating. They may also have lower running costs. The
willingness of consumers to incur additional up-front cost in exchange for potential
future benefit therefore is a key factor determining the attractiveness of renewable
heating options.



The available evidence indicates that most end-users other than energy-intensive
industry apply stringent criteria to investment. Short payback periods or equivalent
criteria typically are applied (for example, around three years or less for the
majority of owner-occupiers in the domestic sector).



Policy can try to overcome this barrier in three main ways:


Attempt to provide sufficiently high ongoing payments (the approach taken
in the current RHI design). This requires relatively large payments to
overcome consumer reluctance to incur up-front costs.



Attempt to lower the discount rate used, e.g., by providing widespread
access to finance, potentially at subsidised interest rates (e.g., Green Deal
arrangements), or by putting in place frameworks to overcome other
individual contributing factors to high discount rates (e.g., the “tenure” issue).



Provide capital subsidies, so that consumers do not face the higher up-front
cost. This typically requires much lower subsidy amounts than do ongoing
payments but may face some additional problems (e.g., ensuring continued
use of equipment).

The largest single barrier to uptake of renewable heat technologies is the lack of an
economic case for investment in the majority of potential end-user applications,
relative to fossil fuelled incumbents.


With no change to the existing market, RES-H penetration is low and conventional
heating systems remain the main choice.



With no new support, renewable heating technologies deliver only around ten
percent of the output required to meet the 2030 RES-H ambitions.



Significant uptake of RES-H in other European countries has only occurred when
fossil fuel or electric heating was expensive (e.g., high CO2 taxes) or unavailable
(e.g., no gas grid). In the UK the gas grid provides wide access to a relatively
cheap source of heating fuel, making renewable heat options less financially
attractive.



The Renewable Heat Incentive is designed to address this situation and stimulate
the British market for renewable heating. This study has focused on exploring
uptake of renewable heating technologies with an RHI in place.
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Rapid growth in supply capacity is needed over the next decade to have a chance of
achieving 2020 and 2030 aspirations for RES-H penetration.


Renewable heating technology markets are starting from a low base in the UK and
significant increase in supply chain capacity will be required. Growth rates of
around 60% per year are needed in the key sectors. This is towards the top range
of growth rates observed in any energy related industry worldwide.



Meeting RES-H ambitions is sensitive to a range of failures in particular areas,
whether poor reputation of technologies, higher costs, unreliable availability,
supply-side delays, or lower-than-expected performance.



Government could help identify these problems by developing “metrics” to track
progress, through trials to help improve confidence in equipment, and through
market research. This will help identify areas where remedial or additional policy
intervention may be required.

RES-H technologies are unlikely to become the preferred choice through the 2020s
without continued subsidy support or other interventions to make current fossil
incumbents less attractive (or banned).


Without continued support, renewable heat technologies will continue to remain
more expensive than conventional heating systems to most consumers, even with
the aggressive cost reductions assumed here. However, substantial uptake will be
required among current gas users to meet the CCC‟s RES-H objectives.



Moreover, commitment to continued policy intervention beyond 2020 is necessary
in order to get supply chain growth up to 2020. Expansion in supply capacity
requires investment which will be forthcoming only if future demand is assured.



Options for continued intervention include:


Continue to provide ongoing subsidy payments (e.g. RHI). This may prove
expensive and there are questions as to whether this is a fair way of
allocating additional costs of decarbonising heat supply.



Add a carbon tax on fossil fuels. This would spread the cost over all
consumers and provide an incentive to reduce consumption, but could lead to
adverse distributional consequences (e.g. fuel poverty).



Ban the sale of fossil fuel heating systems for key markets – with no
alternative, uptake of RES-H would be guaranteed. However, there would be
a need to ensure renewable heating technology supply chains could cope,
such a measure would be highly disruptive and politically difficult to
implement.

Delaying the introduction of the RHI poses a threat to RES-H ambitions, particularly
for 2020.


The principal barrier currently facing renewable heating technology markets is
financial. Markets will not expand at the required rates until this is addressed.



Once it has been financially supported, the market is likely to be growth
constrained. Hence delaying introduction of the RHI undermines the achievement
of medium and long term ambitions. For example, this study‟s modelling results
suggest that a one year delay in starting the RHI leads to 17% less RES-H by
2020.



In addition, the RHI represents a novel policy approach, with uncertain
effectiveness and other effects (e.g., risk of rents). The likelihood of revisions to
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the basic design therefore is relatively large. Such revision can cause further
delays or reduction in confidence. This contributes to the need to start early in
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order to achieve longer-term goals.
Achieving a significant share of RES-H by 2030 depends on uptake in the domestic
sector, which accounts for more than half of heat demand.


Much of the 2020 ambition for RES-H can be met by action in the non-domestic
sector (80% of RES-H in buildings is from non-domestic consumers in the CCC
Central scenario (in 2020), and 75% in this study‟s baseline). However, uptake in
the domestic sector will also be needed to meet longer term ambitions.



Little uptake can be expected in the domestic sector without the RHI or similar
support.



Failure to stimulate uptake of renewable heating technologies in the domestic
sector leads to no more than around half of the CCC‟s 2030 RES-H goals being
achieved. This suggests a need to ensure domestic systems are included in the
final design of the RHI.

Uptake of solar thermal is low in the baseline, with cumulative sales of around
22,000 units by 2020, which suggests that at current costs and proposed support
levels much of the potential will not be exploited.


Even with RHI support starting at £180/MWh (the proposed level for domestic
installations), payback periods are too long for this technology to compete
financially with other sources of heat.



Greater exploitation of the technical potential will only be realised if RHI support is
increased or the costs of solar thermal systems fall more rapidly than currently
expected.



Nonetheless, experience to date suggests that, as one of the lowest capital cost
(and most visible) technologies, there is a subset of “green” consumers who are
prepared to pay for solar thermal, even if payback periods remain long. It is
unclear how large this group it, and what this may imply for future levels of uptake.

7.2 Industry growth rates
Sustained growth in supply capacity of up to 60% year-on-year over the next decade
will be needed to meet RES-H aspirations.


Medium and longer term ambitions for RES-H are unlikely to be met unless supply
chains expand in line with the „High‟ growth rate scenario, which corresponds to
an average of 50–60% year-on-year over the next decade for the key
technologies.



Expansion is required across the entire supply chain, from manufacturing,
infrastructure (e.g., for fuel delivery or electricity), training of installers, and new
businesses with marketing, sales, distribution, and servicing capacity. Equipment
availability may not be the main obstacle, with much of the equipment (especially
heat pumps and components) imported from larger international markets.
Bottlenecks are more likely in local supply chains.
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The experience with support for renewable electricity offers important lessons in this
regard. There have been successive versions of the Non Fossil Fuel Obligation,
Renewables Obligation, and now the planned Feed-In Tariff. Revisions have been due to a
combination of concerns about effectiveness, subsidy cost, and distributional effects
(rents).
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Rapid market growth carries risks, including delays in delivery, unavailability of
equipment, and poor quality installation standards or after-sales service. This risks
denting consumer confidence in the technology and could create a negative
feedback that depresses future demand.

There is a risk that the industry growth rates required will not be achieved without
certainty that demand for RES-H technologies will continue through the 2020s.


As noted above, rapidly growing supply chains require substantial investment in
manufacturing facilities, distribution networks, installer training etc. Businesses will
be reluctant to invest without clear signals that the markets will persist for the long
term. This suggests clarity over the future of RES-H policy is required well before
the RHI ends in 2020.

Policy can help mitigate some of the risks by underpinning stable long-term
demand, ensuring high standards of installation through certification programmes,
and identifying capacity bottlenecks.


Policy measures to facilitate the rapid growth envisaged here include:


Committing to long-term policy support to the extent feasible.



Avoiding discontinuities in support or drastic reforms that result in uncertainty
about future levels of demand.



Facilitating certification standards for equipment and installation performance.



Developing and tracking metrics of supply capacity to help identify individual
bottlenecks that may be amenable to future policy intervention.

7.3 Heat pump cost and performance
Heat pumps form a crucial part of the mix in delivering RES-H ambitions, providing
c.50% of RES-H output by 2030. Challenging performance improvements will have
to be realised for this technology to play a full role.


Experience of using heat pumps in the UK has revealed disappointing
performance in terms of COPs achieved. In a recent field trial of over 80
installations in the UK the (mode) average COP values for ASHPs and GSHPs
were 1.6 and 2.2 respectively, with the best individual values reaching above 3.5.



By contrast, significantly higher seasonal average COPs of around 3.5 for ASHPs
(ATW) and 4.5 for GSHPs are likely to be required in the next 10–15 years for
heat pumps to be financially attractive and a reliable source of low-carbon heat.



Previous research suggested that improvements to these levels would be feasible
This was based in part on review of international experience, which shows that
high efficiency values can be achieved with sufficient installer training, use of lowtemperature heating systems, etc. (see section 8.7.2 for more detail).



However, all such forecasts of technological progress are uncertain, and reliance
on the emergence on high-performing heat pumps must be regarded as risky from
a policy perspective.



Under a scenario with no future improvements in COPs, heat delivered from heat
pumps in 2030 is reduced by 45% (relative to the baseline).
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The domestic retrofit market poses a particular challenge, and success will depend
on the efficacy of other policies, notably to improve the energy efficiency of the
existing building stock.


The majority of the UK building stock is designed for high temperature water
circulation, whereas heat pumps achieve high performance only with lowtemperature heating systems. This adds to cost, and the feasibility of widespread
retrofit of such systems needs more study.



In addition, high heat pump performance will depend on good insulation
standards. The success of mass-market adoption of heat pumps in the retrofit
market thus stands and falls with improvements in building energy efficiency.


The significant stock of solid wall houses poses a particular challenge, as
insulation is very expensive and also might be unpopular with owners.



New buildings, although generally suitable for heat pumps, account for only a
small share of heat demand in the period to 2030.

The uncertainty about heat pump performance could be a significant barrier to their
adoption.


Existing data suggest that the performance of heat pumps can vary substantially
between different installations. The source of the variation is not clear on existing
evidence, but is likely to include standard of insulation and type of existing heating
system.



This makes it difficult for homeowners to evaluate whether a heat pump is a good
choice. Risks include not only high costs, but also the risk of reduced comfort.
End-users may, quite rationally, conclude that heat pumps are too risky an option
until more information is available.



Similar issues may exist in larger-scale installations in the commercial, public, and
industrial sectors, although there are little data. The problem may be mitigated by
measuring performance of larger units.

In addition, technology cost reductions are required to achieve long-term
aspirations for RES-H.


Unless the costs of other heating options increase, the total installed costs of
renewable heat technologies (in particular heat pumps) must fall for long-term
goals to be attained.



Conversely, without reductions in the renewable heating technology cost,
modelling here suggests deployment may be significantly lower, at less than half
of the level required to meet the 2030 ambition. Higher support levels thus would
be required to achieve greater penetration in this situation.



If cost reductions are realised as hoped for, gradual reductions of subsidy levels
(“degression”) can be used to reduce tariff levels paid to new installations to avoid
overpayment.

Policy can mitigate some of these barriers by sponsoring trials to improve
information, promoting high-quality installations, promoting the improvement of
building energy performance to make them more suitable for heat pumps, and, at a
higher level, avoiding over-reliance on technologies with uncertain future
prospects.


Government has an important role to play in gathering independent information
about the performance and cost of heat pumps. Further independent trials are
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desirable, with dissemination of results to reduce the uncertainty about
performance and cost faced by potential adopters of the technology.


Although evaluation is ongoing, existing trial data indicate that both products and
installer training need to improve. Certification and guarantee schemes could help
reduce the risk to end-users.



Continued policies to encourage energy efficiency improvements in the building
stock are needed to increase the potential market for heat pumps.



Given the uncertainty about future performance and potential, it would be risky to
rely too much on heat pumps to reach renewable energy and carbon reduction
targets. Other technologies (notably biomass boilers) have a more proven track
record, even though they are likely to be more expensive in the case where heat
pumps do improve substantially.

7.4 Confidence and risk
Many renewable heat technologies are new to UK end-users, and with limited
relevant experience of their performance and characteristics they entail additional
risk. This may manifest itself in higher hurdle rates for investment or other barriers
to their adoption.


Sources of risk are wide-ranging, and extend beyond financial considerations.
Unlike microgeneration of renewable electricity, heating systems are not generally
primarily a financially motivated investment, but rather an integral input into
production, home comfort, or continued business activity. Risks of delays, poor
performance, breakdowns, interruptions to fuel supply, or short lifetimes therefore
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also are likely to be more significant concerns to end-users.



The interaction with the property market may further contribute to this, especially if
there is a risk that home values are adversely affected by unconventional heating
options.



These risks are particularly challenging as conventional boilers have a longestablished reputation of reliability, and reliable access to heating fuel through the
gas grid.



The significance of these potential risks is uncertain, and will become clearer only
once financial barriers are addressed and consumers‟ response can be observed.
However, our modelling suggests that if risks resulted in higher hurdle rates (or,
equivalently, more stringent criteria for payback) uptake could be significantly
reduced (e.g. 30% lower RES-H in 2030 under the „confidence – added barrier‟
scenario).

Policy may be able to help reduce uncertainty by improving information and
promoting energy service offerings. However, this is predicated on demonstrating
sufficiently good underlying performance.


As noted above, field trials, gathering and dissemination of information,
certification schemes, and standards for training and installation may help reduce
uncertainty.
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One way to see this is to note that most end-users attach a significant value to access to
reliable heating, likely in significantly excess of the amount they actually pay for heating.
Correspondingly, the risk of not achieving reliable heating may command a significant
premium.
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In addition, it may be possible to promote more innovative energy-service offerings
to end-users (e.g., as envisaged in the Green Deal). For example, guarantees of
the standard of heating and / or that costs will not exceed those that would be paid
with other options.



However, the obstacles to such approaches appear significant. Suppliers will be
unwilling to assume the risk unless performance can be known with some
certainty. Additionally, the feasibility of energy service approaches is largely
unproven, despite long-standing ambitions to achieve them for other, better-known
technologies (such as insulation).

7.5 Awareness of technology
With an RHI in place lack of awareness of renewable heat technologies is not
expected to be a major restriction to uptake.


Relative to the other barriers considered “awareness”, meaning consumers
actually knowing about the technology, had limited impact on uptake of renewable
heating technologies.

International experience suggests that continued marketing efforts are required to
promote renewable heat technologies, even after they have achieved high market
penetration.


Consumer awareness of renewable technologies is not necessarily directly
proportional to uptake. There is a need to continue to raise the profile of
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renewables for continued market penetration.



This suggests that “awareness” is not only about whether consumers have heard
of the technology, rather there is a need to get renewable heat technologies into
decisions makers‟ consciousness as a credible alternative choice at the point
where the decision on a heating system is made. This has been achieved in other
European countries (e.g. biomass boiler campaigns involving chimney sweeps
and installers in Austria).

7.6 Suitability
Demand for renewable heating technologies will be strongest from consumers with
high incumbent fuel prices (i.e. off the gas grid). However, RES-H will have to
penetrate the market in on-gas areas for CCC’s 2030 ambitions to be met.


Renewable heating technologies are most attractive in areas off the gas grid
where the price of the incumbent fuel is higher than gas.



However, around 80% of Britain‟s housing stock has access to a gas connection,
which means that achieving significant market penetration of RES-H depends on
renewable heat technologies penetrating all markets.



For example, failure to penetrate the heating market of on-gas homes leads to
RES-H delivered by 2030 falling by 25% relative to the baseline.
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This is analogous to building insulation in the UK. Most energy consumers are aware of
possibilities for insulation upgrades (and the associated benefits), but there remains a
significant untapped potential for improvement to buildings. Hence the UK Government is
developing innovative mechanisms to accelerate uptake (e.g. the Green Deal).
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Renewable heat technologies are not suitable for all applications: potential is
restricted by the grade of heat provided, the space required, and local impacts such
as air quality and noise.


Suitability is linked to performance, especially for heat pumps. Lower performance
in poorly insulated buildings or buildings with need for higher-temperature heat
output could reduce the penetration significantly.



The potential for biomass boilers may be reduced by air quality restrictions, lack of
storage space for fuel, and the need for additional vehicle movements to transport
fuels. All of these could be relevant to varying degrees in many urban and
suburban areas.



GSHPs depend on space for ground collectors. The actual potential for GSHPs
remains uncertain in the absence of a more detailed study of the number of
houses and other buildings that have sufficient space.



A further restriction in on-gas properties could come from the penetration of low
cost micro-CHP devices, which proponents project to have attractive economics
for domestic properties by 2020 and hence could pose a threat to RES-H uptake.



Heat pumps also may require reinforcement of local electricity distribution grids.
However, technological improvements (inverter drives) could alleviate this
problem.

The impact of lower suitability could be substantial.


Our modelling suggests that a “low” suitability scenario would reduce uptake in
2030 by c.30% relative to the baseline. On the other hand, more optimistic
assumptions on suitability (the “high” scenario) sees RES-H delivered by 2030
increase by 20%.



RES-H delivered from biomass falls by around 50% when biomass boilers are
restricted to rural areas only.

Deployment could be further restricted if planning regulations do not reflect the true
impact of technologies.


This is an important area for future monitoring, as delays, uncertainty, or costs
associated with planning permission could tip the balance strongly in favour of
conventional heating systems, which generally raise few concerns.



This would also suggest there is a case for exploring policies to mandate low hot
water circulation temperatures in new build and major reform building regulations.

7.7 Fuel prices
Biomass chip prices must remain at or below the gas price for uptake of biomass
boilers in the non-domestic sector to be sufficiently high to meet long-term
ambitions.


The uptake of biomass boilers depends on sufficiently low prices for fuel. Current
prices for biomass chips are below those for natural gas. However, in a “high”
biomass scenario where prices exceed gas prices, biomass uptake by 2020 and
2030 falls by 10% and 35% respectively.



Future biomass prices are highly uncertain. High prices do not seem impossible,
especially if biomass chips and / or pellets become an internationally traded
commodity and international demand increases significantly. In a situation where
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biomass is a close substitute for fossil fuels, its price may start to move with fossil
fuel prices. Projections of prices based on the cost of extraction and processing
therefore may not be a good guide to prices.


Unreliable access to fuel could have a deterring effect on uptake. Significant
adoption will likely require that distribution moves away from local suppliers to the
model used for heating oil, with regional depots and distribution networks, and less
dependence on individual suppliers.

High domestic electricity prices are a potential barrier to uptake of heat pumps.


The desirability of using heat pumps depends on the feasibility and cost of
achieving low-carbon electricity supply. Support for nuclear and renewables are
likely to put upward pressure on electricity prices.



Higher electricity prices could significantly erode the financial case for heat pumps
as abatement / sources of renewable energy, relative to other options.



For example, heat delivered from heat pumps in 2030 falls by 30% relative to the
baseline if electricity prices increase in line with IAG High forecasts.



Conversely, under a scenario with low future electricity prices, heat output from
heat pumps by 2030 increases by 50% relative to the baseline. This suggests that
measures to provide low cost electricity for heat pumps could augment their role in
meeting RES-H ambitions.

7.8 Biogas, District Heating and CHP
The “large” technologies considered in this study represent a rather different proposition
from building-scale heating systems. Uptake of biogas and implications of the RHI were
explored via a different modelling methodology, as discussed in section 8.1; whilst
biomass CHP and district heating were excluded from the quantitative modelling exercise.
Nonetheless, examination of the barriers to deployment of these technologies reveals the
following conclusions.

7.8.1 Biogas
The cost of connection to the gas grid for biogas injection is a significant barrier to
uptake of biomethane injection plants.


This barrier can be overcome through the provision of low interest loans and by
forcing the system operator to contribute to the cost (e.g. German example).



International experience shows that where this is not dealt with biomethane
injection levels remain low despite policy intervention (e.g. Austria).



Biogas injection is not generally an attractive economic prospect for medium or
small biogas generators, due to the high capital and operating costs involved.



There is a need for a spatial study of biogas potential, to investigate the colocation of suitable gas injection points with local resource.

RHI support will tend to favour the use of biogas for heat production (where
sufficient thermal demands exist) or injection into the gas grid.


Biogas installations depend on high load factors for economic viability. Nearly
continuous heat demands therefore are needed when the biogas is used to meet
on-site heat applications. However, most heat loads are seasonal, and the number
of such sites is limited.
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Additionally, reliance on the heat demand of local customers poses a counterparty
risk, as demand may cease if production ceases or the consumer switches to
other sources of heat.



For these reasons, biogas production for networks (either electricity or gas) can
provide much higher assurances of continued and credit-worthy future demand.



For larger-scale plants with access to a suitable heat load CHP operation
(subsidised under the RO or FiT) is likely to remain a relatively attractive economic
proposition.

7.8.2 District heating
Previous estimates have found significant technical potential for district heating in
the UK (equivalent to 40% of heat demand in buildings), but a combination of
barriers act to make delivering the potential difficult in practice.


Financial hurdles (high capital cost, at risk, therefore hard to finance), suitability
barriers (e.g. low proportion of high density buildings), and regulatory issues
(consumers must have a choice of energy supplier) together restrict uptake of
district heating in the UK.



Compared to other European countries (e.g. Denmark, Germany), there is a lack
of culture of district heating in the UK. This is unlikely to change without concerted
efforts to support district heating (e.g. public sector-led action, mandatory
connections).



Furthermore, district heating must compete with a well-established and relatively
low cost incumbent (most areas suitable for district heating are on the gas
network).

The investment horizons of district heating schemes exceed those accepted by
most private companies in the UK.


District heating schemes are long-term investments, characterised by relatively
high up-front capital costs that are recouped over a long period (with lifetimes in
excess of 25 years). The investment timescales are typically beyond acceptable
limits for most private companies.



The split ownership approach is one option for overcoming this issue (e.g. a
private company owns generating plant, with publicly owned distribution network).

Significant coordination and cooperation is required between different consumers
to secure base heat loads needed to make schemes viable.


The financial viability of district heating depends on consistent heat delivery, which
means that diversity is required (i.e. a mix of building uses). However, coordination
is a challenge and buildings that could act as anchor loads are often tied in to
long-term energy supply contracts.



Active state intervention is likely to be required to overcome these barriers to
widespread DH uptake.
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7.8.3 Biomass CHP
Technology advances (efficiency improvements), and cost reductions will be
required for biomass CHP to play a significant role in RES-H delivery through the
2020s.


At current prices and technology performance levels biomass CHP is not expected
to provide cost-effective carbon emission abatement.

Based on technology currently available biomass CHP systems typically require
large heat loads, which is a barrier to their widespread use. There is a need for
smaller scale biomass CHP units to unlock greater market potential.


The need to access high (and constant) heat loads restricts the number of suitable
sites for biomass CHP.



Smaller scale systems would provide greater flexibility and increase the number of
potential sites.



This is an area where additional RD&D support would be beneficial.

Further barriers to biomass CHP uptake include high capital cost and high
complexity (including multiple sources of risk).


The need to assess many factors (technology risk, fuel and power markets etc.)
means that evaluating the investment opportunity is difficult.



Furthermore, experience of using biomass CHP in the UK is limited and there is a
lack of skills and a lack of trust in the technology.

7.9 Achieving RES-H ambitions
It is also possible to use the modelling in reverse to consider the level of policy intervention
which will be required to achieved the CCC‟s RES-H ambitions.
Rapid expansion in supply chain capacities (such that annual sales increases of
over 50% over the next decade for the key technologies are achieved) will be
needed to meet the CCC’s 2020 ambition for RES-H.


High growth rates (at the upper end of expansion in renewable heating markets
experience in other European countries) are a prerequisite to achieving the 2020
ambition.



In addition, other barriers to renewable heating technology uptake will have to be
removed, such as the extra time required to research and select new
technologies. Targeted information campaigns may help to address this barrier,
particularly where targeted at the opinion formers in the market (e.g plumbers).



Given high industry growth rates, there is a variety of policy scenarios under which
the 2020 ambition can be met. For example, heating oil prices remaining high,
increased suitability of buildings for renewable heating technologies, or higher
consumer confidence (leading to lower hurdle rates). The chances of meeting the
ambition will be maximised if measures are taken to address the full range of
barriers (e.g. carbon taxes on fossil fuels, technology trials and demonstration
programmes, building insulation upgrades).
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Despite not being achieved in the baseline, various scenarios exist under which the
2030 RES-H ambition is met.


Achieving high growth in supply capacity in the early years greatly enhances the
prospects for meeting longer-term ambitions. However, high industry growth rates
and the continuation of the RHI to 2030 are unlikely to be sufficient on their own to
hit the CCC ambition.



The 2030 ambition is met when, in addition to high growth and continued RHI
support, the cost of running incumbent heating systems increases relative to
renewable heating options. For example, through high fossil fuel prices, and / or
low cost electricity for heat pumps combined with relatively low biomass prices.



Increasing confidence in renewable heating technologies will also improve the
chances of RES-H ambitions being met. Demonstration and certification
programmes will have a role here (particularly in the initial years), and long-term
clarity around the future for RES-H will be crucial.
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8 Appendix
8.1 Uptake modelling methodology
8.1.1 Building-scale renewable heat technologies
Overview
Various methodologies exist for modelling consumer behaviour for energy technologies.
For the purposes of this study, the uptake of renewable heating technologies was based
on the willingness of a consumer to pay for a technology with a given simple payback
period. The structure of this cost / uptake model is illustrated in Figure 43 below.

Figure 43: Cost / uptake model structure and barriers types (shown in red)
In each year, a technology offer is made to a consumer set. The simple payback of the
technology (relative to a counterfactual incumbent) is calculated. The consumer evaluates
the technology based on the simple payback period offered, and the willingness of the
consumer to pay for the technology is calculated, resulting in a desired uptake of the
technology. This desired uptake is then constrained by market growth barriers and
technical potential, to give the actual technology uptake in that year.
This process is carried out multiple times for each consumer (to represent a choice of
technologies), and is repeated for each consumer type every year, to give total market
uptake over time.
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Detailed methodology
A transparent modelling approach was chosen, based on a limited number of consumer
types (see section 8.2 for details). The building stock is fixed at 2010 stock levels, with the
98
exception of two „new build‟ domestic building types.
For transparency of modelling, there is no continual representation of the building stock,
but the number of consumers coming forward is fixed by a boiler turnover rate, based on
the existing building stock and an assumed incumbent heating system lifetime of 15 years.
For each of these consumers, there is a counterfactual incumbent installation (e.g. a gas
boiler in an on-grid building) against which the renewable heat technologies are evaluated.
This counterfactual installation is assumed to be installed if no renewable heating system
is selected.
In each year, the simple payback of each suitable technology (relative to the
counterfactual installation) is calculated. The technology with the lowest simple payback is
then selected, and the number of consumers is constrained by the suitability of the
technology (e.g. heat pumps may only be suitable in 50% of domestic dwellings). The
willingness to pay of the consumer segment is calculated, resulting in a desired number of
installations, as above. This „desired uptake‟ of the technology is summed across all
consumers, and compared to a „maximum uptake‟ figure. This maximum uptake is
calculated for each sector (domestic, non-domestic) in each year, and is a function of
industry growth rates and previous uptake. Consumers who do not choose this technology
are then able to make a second choice, evaluating the technology with the second-lowest
simple payback period. There is a further third technology choice (where applicable), and
any consumers not installing a renewable heat technology are assumed to install a
counterfactual incumbent technology.
The uptake of solar thermal installations is calculated differently, as solar thermal will not
replace a primary heating system in most applications. Every consumer who is not
restricted by technology suitability may consider a solar thermal installation, and the
uptake is limited by willingness to pay and growth constraints as above.
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New build rates and non-domestic building numbers are taken from previous work for
the CCC by NERA for consistency.
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8.1.2 Biogas
Methodology overview
The uptake of biogas installations is calculated separately from other technologies, as a
methodology based on willingness to pay for a technology in a non-discretionary
technology decision is unsuitable for large-scale installations such as biogas.
The modelling approach is based on the generation of dynamic resource curves for each
installation type. In each year, the levelised cost of energy (LCOE) is calculated for a
range of investor hurdle rates, and compared with revenue streams. The annual desired
deployment is then calculated based on the distribution of investor hurdle rates. Market
and social barriers are then implemented along with industry growth constraints to limit the
uptake based on the existing penetration of biogas technology.
The overall methodology is presented in the figure below.

Figure 44: Biogas uptake modelling methodology overview

Investor characteristics
Biogas investors were characterised by a single investor type with a distribution of hurdle
rates:


Maximum hurdle rate: 10%.



Minimum hurdle rate: 8%.

For both large and small-scale consumers, hurdle rates are distributed linearly through the
population. This is represented graphically in Figure 45.
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Figure 45: Investor hurdle rates for biogas uptake
In the figure, P1 and P2 represent the levelised cost of energy when assessed at the
minimum and maximum hurdle rates. If the total revenue is lower than P1, no uptake
occurs. If the revenue is half way between P1 and P2, 50% of the potential in the dynamic
supply curve is deployed. If revenues are higher than the levelised cost when assessed at
the maximum hurdle rate, 100% of the maximum annual potential is deployed. Increasing
revenues beyond this value does not increase technology uptake, but increases producer
profits and the total subsidy spend.
The revenues for biogas plants are made up of the following components:


RHI subsidy payments.



Revenue from the sale of grid-injected biomethane at wholesale price.



Benefit gained from offsetting natural gas for combustion (heat-only plant).
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Factors limiting uptake
The following barriers are applied as constraints to uptake of biogas, limiting the annual
uptake based on uptake in previous years. Social and market barriers were derived from
previous work carried out by Element Energy.

Market barriers
Penetration of new technologies tends to follow an S-shaped curve when market share is
plotted against time. This is due to changes in demand and supply at different levels of
deployment. An S-shaped deployment curve was represented by using a function relating
the annual rate of deployment to the proportion of absolute potential realised.

Social barriers
Social acceptance can be a major restriction to deploying renewable energy technologies.
The social acceptance of these technologies tends to decrease with increasing
deployment. In addition, developers are likely to exploit sites with smaller anticipated
planning issues first, so new deployment over time occurs in more and more „difficult„ sites.
The percentage of the remaining potential that can be deployed in a given year is
assumed to decrease exponentially with the percentage of absolute potential achieved.

Industry growth barriers
The final barrier applied to uptake is a maximum year-on-year growth rate, reflecting the
ability of supply chains to develop, and the rate at which a UK industry can be developed.
The year-on-year supply-side growth rates assumed for biogas under different growth
scenarios are given in Table 2, section 4.1.3.

Constrained technical resource
The constrained technical resource for biogas production was based on the AEA
99
constrained energy potentials for biogas substrates given by SKM Enviros. Energy
potentials are given for different biogas substrates annually to 2030, and „easy‟, „medium‟
and „hard‟ scenarios are presented to reflect the technical viability of utilising the
substrates given various constraints and barriers. The annual TWh resource in 2030 from
the „hard‟ scenario was taken as the constrained technical resource for biogas.

Technologies considered
SKM Enviros present 26 indicative biogas plants for heat and biomethane injection
installations, characterised by scale and plant type as below.

99

Analysis of characteristics and growth assumptions regarding AD biogas combustion for
heat and biomethane production and injection to the grid, SKM Enviros (Dec. 2010), p16.
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Table 22: Biogas plant types in SKM Enviros
Scale (MW of biogas
generated)

Plant type

0.05
0.10
0.25
0.5
1.0
2.0
3.0
5.0

Farm
Waste
Energy Crop
Sewage
Landfill

Scheme: biogas
utilisation

Heat only
Biomethane to Grid

From these indicative biogas plants, 15 plant types were chosen for use in this study, as
below:
Table 23: Biogas plant types chosen for uptake modelling

100

Scale (MW biogas)

Plant type

Scheme

0.05

On-farm

Biomethane to grid

0.10

On-farm

Biomethane to grid

0.50

On-farm

Biomethane to grid

0.05

On-farm

Heat only

0.10

On-farm

Heat only

0.50

On-farm

Heat only

1.0

Waste

Heat only

1.0

Waste

Biomethane to grid

3.0

Waste

Biomethane to grid

5.0

Waste

Biomethane to grid

1.0

Energy crop

Biomethane to grid

3.0

Energy crop

Biomethane to grid

5.0

Energy crop

Biomethane to grid

1.0

Sewage

Biomethane to grid

3.0

Landfill

Biomethane to grid

The constrained technical resource was allocated to these plant types using the expected
uptake given by SKM Enviros. Annual uptake of each plant type is given to 2030, and the
total uptake by 2030 was used to calculate the number of each type of plant which could
be taken up by 2030. Finally, a suitability factor was applied to the number of biomethane
injection plants to reflect restricted access to the gas grid.

100

Landfill gas was originally included in the uptake modelling, but RHI support was
removed from this option following DECC‟s announcement on the RHI in March 2011 (i.e.
during the course of this study).
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The resulting distribution of biogas plant was then taken as the available technical
resource by 2030, and is shown below.

Figure 46: Available technical resource of biogas in the UK
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Technology cost and performance101

Plant type

Scheme

Scale
(MW
biogas
output)

On-farm

Injection

0.05

98%

93%

On-farm

Injection

0.1

98%

On-farm

Injection

0.5

On-farm

Heat only

On-farm

Capex
(£m)

Opex –
maintenance
(£/yr)

Opex –
104
other
(£/yr)

Opex –
105
feedstock
(£/yr)

Opex –
106
total
(£/yr)

60% slurry, 40% energy crop

1.03

49,700

15,300

3,835

68,835

93%

60% slurry, 40% energy crop

1.26

55,300

22,500

7,671

85,471

98%

93%

60% slurry, 40% energy crop

2.25

87,800

69,200

38,355

195,355

0.05

85%

95%

60% slurry, 40% energy crop

0.3

7,000

6,600

3,918

17,518

Heat only

0.1

85%

95%

60% slurry, 40% energy crop

0.45

10,000

11,500

7,836

29,336

On-farm

Heat only

0.5

85%

95%

60% slurry, 40% energy crop

1.23

23,000

44,300

39,179

106,479

Waste

Heat only

1

85%

95%

100% local food waste

3.51

92,900

275,500

0

368,400

Waste

Injection

1

98%

93%

100% local food waste

4.6

175,600

315,600

0

491,200

Waste

Injection

3

98%

93%

100% local food waste

8.08

325,100

873,600

0

1,198,700

Waste

Injection

5

98%

93%

100% local food waste

10.62

448,500

1,416,100

0

1,864,600

Energy crop

Injection

1

98%

93%

30% slurry, 70% energy crop

2.93

118,500

114,100

134,241

366,841

Energy crop

Injection

3

98%

93%

30% slurry, 70% energy crop

4.84

226,000

295,300

402,724

924,024

Energy crop

Injection

5

98%

93%

30% slurry, 70% energy crop

6.21

320,800

468,300

671,207

1,460,307

Sewage

Injection

1

98%

93%

100% slurry

2.51

112,700

166,500

0

279,200

Landfill

Injection

3

98%

93%

100% landfill

2.08

199,000

119,900

0

318,900

Thermal
102
efficiency

Availability
(%)

Feedstock

103

101

Technology cost and performance data are taken from SKM Enviros indicative plant data.
Thermal efficiency represents the efficiency of biogas upgrading for an injection plant, and the thermal efficiency of combustion in a heat-only plant.
103
Feedstock percentages are given by calorific value of the feedstock, rather than by mass.
104
Opex „other‟ costs include labour costs, insurance costs, landfill tax and energy costs.
105
Feedstock costs are calculated on the basis of a £46/t processing cost for food waste, and a £27.5/t procurement cost for energy crops.
106
This opex figure differs from that given in SKM Enviros. Due to a lack of clarity about the opex calculations, opex costs were reconstructed as given here.
102
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Notes on technology cost and performance:


The lifetime of biogas plant is assumed to be at least 20 years, with proper
maintenance.



Capital costs are given for 2011 installations, and are assumed to decrease to
90% of the stated values by 2020 to reflect decreasing technology costs with
increased maturity and penetration. This value is consistent with previous
modelling carried out by NERA for the CCC.



The energy content of biogas produced was calculated using the methane content
solely. The energy content of methane was estimated to be 50.1 MJ/kg (lower
3
3
heating/calorific value for methane) or 35.9 MJ/m , which equates to 9.96 kWh/m .

Specific yields of biogas and methane are given below, as in SKM Enviros.
Table 24: Biogas yields by feedstock type
Substrate

Specific Methane Yield
3
m /t

Specific Biogas Yield
3
m /t

Animal slurry

13.7

26.7

Animal manure

39.8

70.0

Food waste

76.0

125.0

Energy crop

104.5

185.5

Sewage

12.1

21.0
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8.2 Consumer types
8.2.1 Overview
This section gives details of the characteristics of the different consumer types defined for
the modelling exercise, including the methodology behind their derivation. An overarching
aim of the modelling was to keep it as simple and transparent as possible, whilst still
allowing sufficient resolution and capability to allow investigation of the impact of the
107
barriers identified. The number of consumer types defined was therefore the minimum
number that could adequately reflect the building stock and allow differentiation between
key factors such as counterfactual heating fuel, investor attitudes etc.

8.2.2 Differentiating factors
Consumers are defined according to:


Sector – Domestic, Commercial / Public, Industrial.



Sub-segment – building type / type of heat demand (for process heat).



Building age – impacts average thermal demand per building.



Location – rural, suburban, urban.



Counterfactual fuel – natural gas, electricity, non-net bound.

The following section summarises the principal characteristics of the consumer types
defined for this study by sector. The number of buildings of each type was derived from a
model of renewable heat uptake developed by NERA for the CCC.

8.2.3 Domestic consumers
Ten distinct building (consumer) types were defined to represent the UK‟s domestic
building stock, as shown in the table below. These data show a total domestic dwelling
stock in the UK of 26.6 million. New build rates were based on assumptions from a
previous study for the CCC and lead to 5.8 million new dwellings being added to the stock
in the period to 2030.

107

Detailed models of uptake of renewable heat technologies (with hundreds of distinct
consumer types) have been developed previously, for example to inform design of the
Renewable Heat incentive for DECC and as evidence behind the CCC‟s fourth budget
report. It was not the aim of the current project to replicate such uptake models.
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Table 25: Characteristics of domestic consumer types defined

CF fuel

No. of
buildings
in UK
(millions)

Dwellings
captured within
defined type

New build

Gas

N/A

All fuel types and
locations

Suburban

New build

Gas

N/A

All fuel types and
locations

House

Suburban

Other

Gas

8.69

Suburban houses
on gas

D

Flat

Suburban

Other

Gas

4.05

All existing on gas
flats

E

House

Urban

SWI

Gas

4.63

All existing urban
houses (all fuel
types)

F

House

Suburban

SWI

Gas

1.98

All suburban SWI
houses (all fuel
types)

G

House

Suburban

Other

Electricity

1.56

Existing non-SWI
houses off gas

H

Flat

Suburban

Other

Electricity

0.95

Existing off-gas
flats in all areas

I

House

Rural

Other

Off-grid

2.70

Pre & post 1990
rural houses (all
fuel types)

J

House

Rural

SWI

Off-grid

2.06

SWI rural houses
(all fuel types)

Key

Dwelling
type

Location
(nominal)

Age

A

House

Suburban

B

Flat

C

8.2.4 Commercial / Public consumers
Table 26: Characteristics of commercial / public consumer types defined
Key

Building
type

Location

Age

CF fuel

No. of
buildings
in UK

Buildings captured
within defined type

A

Small
private

All

All

Gas

104,559

All small private on gas
commercial buildings

B

Small
private

All

All

Electricity

43,756

All other small private
commercial buildings

C

Small
public

All

All

Gas

66,894

All small public
buildings

D

Large
public

All

All

Gas

5,487

All large public
buildings

E

Large
private

All

All

Gas

45,342

All large private
buildings
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8.2.5 Industrial consumers
Table 27: Characteristics of industrial consumer types defined
Key

Building
type

Location

Age

CF fuel

No. of
buildings
in UK

Buildings captured
within defined type

A

Large,
space

All

All

Gas

22,359

Large industrial buildings
(space heating) – all fuel
types

B

Small,
space

All

All

Off-grid

95,645

Small industrial buildings
(space heating) – all fuel
types

C

Small, hightemperature
process

All

All

Gas

10,914

Small high-temperature
processes on gas

D

Large, hightemperature
process

All

All

Gas

1,582

All large, hightemperature processes

E

Small, hightemperature
process

All

All

Off-grid

43,615

Small high-temperature
processes off gas

8.3 Modelling assumptions
8.3.1 Representing consumer behaviour: willingness to pay curves
Basis for willingness to pay
The willingness to pay (WTP) of a consumer type is the percentage of consumers willing to
invest in a technology offering a given simple payback on investment. WTP curves are
used to relate the range of simple paybacks to the proportion of consumers willing to
invest.
The IRR of a consumer can be calculated as a function of simple payback and expected
technology lifetime. Figure 47 below illustrates this relationship. It should be noted that the
revenue stream has been excluded from the first year of operation in this calculation.
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Figure 47: IRR as a function of simple payback and expected technology lifetime

Willingness to pay curves for each consumer type
WTP curves are presented here for each consumer type. Base case curves are
complemented with curves illustrating changes in consumer behaviour due to confidence
barriers. As consumer confidence increases, the WTP curve changes to reflect a
willingness to accept higher payback times. Conversely, as confidence decreases (due to
low technology performance, or uncertainty over length of tenure), consumers demand a
lower payback time.
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100% uptake in base
case at 50% IRR
50% uptake in base
case at 33% IRR

Figure 48: Owner-occupier WTP curve reflecting changes in consumer behaviour

50% uptake in base
case at 76% IRR

0% uptake in base
case at 33% IRR

Figure 49: Private landlord WTP curve reflecting changes in consumer behaviour
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100% uptake in base
case at 40% IRR
50% uptake in base
case at 20% IRR
0% uptake in base
case at 11% IRR

Figure 50: Social landlord WTP curve reflecting changes in consumer behaviour

50% uptake in base
case at 24% IRR
0% uptake in base
case at 10% IRR

Figure 51: Commercial CRC/SME WTP curve reflecting changes in consumer
behaviour
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50% uptake in base
case at 16% IRR
0% uptake in base
case at 5% IRR

Figure 52: Commercial (public) WTP curve reflecting changes in consumer
behaviour

50% uptake in base
case at 14% IRR

0% uptake in base
case at 3% IRR

Figure 53: Industrial WTP curve reflecting changes in consumer behaviour
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8.3.2 Technology costs and performance
Technology costs and performance form an integral part of uptake modelling. Input
assumptions are based on values derived from previous modelling for the CCC by NERA,
and have been refined following a review which included further discussion with UK
suppliers.
With twenty consumer types and a selection of heating system options, the volume of
technology cost and performance data is significant. Key metrics are therefore reported
using the maximum and minimum values in each consumer sector to indicate the range of
values used. Cost and performance data for biogas installations are given in the modelling
description for biogas (section 8.1.2).

ASHP

Domestic
(ATW)

Commercial
(ATA)

Industrial
(ATA)

Min

Max

Capex (£/kW)

589

1,173

Opex excluding fuel (£/kW)

3.5

10.0

Base Efficiency

250%

275%

Load factor

10%

19%

Indicative size (kW)

6.0

14.0

Implied output per building (MWh/yr)

5.4

23.3

Capex (£/kW)

450

450

Opex excluding fuel (£/kW)

2.3

12.6

Base Efficiency

350%

400%

Load factor

21%

44%

Indicative size (kW)

100

1,000

Implied output per building (MWh/yr)

187

3,823

Capex (£/kW)

450

450

Opex excluding fuel (£/kW)

2.3

2.3

Base Efficiency

400%

400%

Load factor

20%

23%

Indicative size (kW)

100

300

Implied output per building (MWh/yr)

175

613

In the central price reduction scenario, the following adjustments to capital costs apply
relative to the 2010 baseline values given above:


2020 capex is 77% of baseline value in all sectors.



2030 capex is 62% of baseline value in all sectors.

In the baseline efficiency adjustments apply relative to the 2010 baseline values given
above. In each year from 2012 to 2026 a COP improvement is added to the previous
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year‟s performance metric. This leads to 2020 COP values 1.0 higher than the baseline
value in all sectors. This applies to all types of heat pump considered.

GSHP
Min

Max

Capex (£/kW)

1,142

1,882

Opex excluding fuel (£/kW)

3.3

10.0

Base Efficiency

318%

381%

Load factor

10%

24%

Indicative size (kW)

6.0

11.0

Implied output per building (MWh/yr)

5.4

23.3

Capex (£/kW)

900

1,100

Opex excluding fuel (£/kW)

0.9

3.8

Base Efficiency

370%

389%

Load factor

16%

44%

Indicative size (kW)

100

1,000

Implied output per building (MWh/yr)

187

3,823

Capex (£/kW)

900

900

Opex excluding fuel (£/kW)

0.9

3.8

Base Efficiency

403%

403%

Load factor

20%

23%

Indicative size (kW)

100

300

Implied output per building (MWh/yr)

175

613

Domestic

Commercial

Industrial

In the central price reduction scenario, the following capex adjustments apply relative to
the 2010 baseline values given above:


2020 capex is 77% of baseline value in all sectors.



2030 capex is 62% of baseline value in all sectors.
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Biomass boilers
Min

Max

Capex (£/kW)

833

1,667

Opex excluding fuel (£/kW)

11.5

22.2

Base Efficiency

85%

85%

Load factor

10%

22%

Indicative size (kW)

6.0

12.0

Implied output per building (MWh/yr)

5.4

23.3

Capex (£/kW)

331

600

Opex excluding fuel (£/kW)

5.1

22.1

Base Efficiency

81%

81%

Load factor

20%

45%

Indicative size (kW)

107

970

Implied output per building (MWh/yr)

187

3,823

Capex (£/kW)

339

441

Opex excluding fuel (£/kW)

16.9

22.1

Base Efficiency

81%

81%

Load factor

20%

60%

Indicative size (kW)

100

5,000

Implied output per building (MWh/yr)

175

26,280

Domestic

Commercial

Industrial

In the baseline no capital cost adjustments apply over time.
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Solar thermal
Min

Max

Capex (£/kW)

1,682

1,682

Opex excluding fuel (£/kW)

17.6

17.6

Base Efficiency

50%

50%

Load factor

8%

8%

Indicative size (kW)

2.6

2.6

Implied output per building (MWh/yr)

1.8

1.8

Capex (£/kW)

1,359

1,359

Opex excluding fuel (£/kW)

7.2

7.2

Base Efficiency

50%

50%

Load factor

7%

7%

Indicative size (kW)

32

32

Implied output per building (MWh/yr)

19

19

Capex (£/kW)

1,359

1,359

Opex excluding fuel (£/kW)

7.2

7.2

Base Efficiency

50%

50%

Load factor

7%

7%

Indicative size (kW)

32

32

Implied output per building (MWh/yr)

19

19

Domestic

Commercial

Industrial

In the central price reduction scenario, the following capital cost adjustments apply relative
to the 2010 baseline values given above:


2020 capex is 80% of baseline value in the domestic sector.



2030 capex is 72% of baseline value in the domestic sector.



2020 capex is 73% of baseline value in the non-domestic sectors.



2030 capex is 56% of baseline value in the non-domestic sectors.
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Mains gas boiler
Min

Max

Capex (£/kW)

151

243

Opex excluding fuel (£/kW)

6.3

9.4

Base Efficiency

93%

94%

Load factor

5%

9%

Indicative size (kW)

12.0

20.0

Implied output per building (MWh/yr)

5.4

16.3

Capex (£/kW)

77

107

Opex excluding fuel (£/kW)

0.2

3.4

Base Efficiency

91%

91%

Load factor

20%

20%

Indicative size (kW)

107

2,182

Implied output per building (MWh/yr)

187

3,823

Capex (£/kW)

31

77

Opex excluding fuel (£/kW)

0.2

0.2

Base Efficiency

91%

91%

Load factor

20%

82%

Indicative size (kW)

350

3,640

Implied output per building (MWh/yr)

613

26,280

Domestic

Commercial

Industrial

As this is a mature technology, it is assumed that performance and (non-fuel) cost metrics
do not change over time.

119

Achieving deployment of renewable heat
Final report

Direct electric heating
Min

Max

Capex (£/kW)

166

187

Opex excluding fuel (£/kW)

1.8

3.7

Base Efficiency

90%

90%

Load factor

8%

11%

Indicative size (kW)

12.0

12.0

Implied output per building (MWh/yr)

8.8

12.1

Capex (£/kW)

197

197

Opex excluding fuel (£/kW)

1.4

1.4

Base Efficiency

100%

100%

Load factor

20%

20%

Indicative size (kW)

107

107

Implied output per building (MWh/yr)

187

187

Capex (£/kW)

N/A

N/A

Opex excluding fuel (£/kW)

N/A

N/A

Base Efficiency

N/A

N/A

Load factor

N/A

N/A

Indicative size (kW)

N/A

N/A

Implied output per building (MWh/yr)

N/A

N/A

Domestic

Commercial

Industrial

As this is a mature technology, it is assumed that performance and (non-fuel) cost metrics
do not change over time.
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Non net-bound heating
Min

Max

Capex (£/kW)

158

158

Opex excluding fuel (£/kW)

8.5

8.5

Base Efficiency

91%

91%

Load factor

10%

13%

Indicative size (kW)

20.0

20.0

Implied output per building (MWh/yr)

17.0

23.3

Capex (£/kW)

N/A

N/A

Opex excluding fuel (£/kW)

N/A

N/A

Base Efficiency

N/A

N/A

Load factor

N/A

N/A

Indicative size (kW)

N/A

N/A

Implied output per building (MWh/yr)

N/A

N/A

Capex (£/kW)

31

77

Opex excluding fuel (£/kW)

0.2

0.2

Base Efficiency

91%

91%

Load factor

20%

82%

Indicative size (kW)

100

146

Implied output per building (MWh/yr)

175

1,051

Domestic

Commercial

Industrial

Non net-bound installations represent fossil fuel heating systems in off-gas buildings
(including oil and coal boilers). As these are mature technologies, it is assumed that
performance and (non-fuel) cost metrics do not change over time.
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8.3.3 Cost and performance assumptions for examining alternative
uses of biogas
Table 28: Cost and performance for biogas plant and incumbent gas boilers
Plant size
(MW
biogas)

Scheme

Efficiency
(%)

5

Heat only

1.0

108

Availability
(%)

Capex (£m)

Opex (£/yr)

90% thermal

95%

1.417

22,000

Heat only

90% thermal

95%

1.370

151,600

0.1

Heat only

90% thermal

95%

0.450

21,500

5.0

Injection

98%

93%

3.467

531,500

1.0

Injection

98%

93%

2.510

279,200

0.1

Injection

98%

93%

1.260

77,800

5.0

Power only

40% electrical

93%

1.467

157,167

1.0

Power only

33% electrical

93%

1.370

145,800

0.1

Power only

30% electrical

93%

0.430

27,400

5.0

CHP

45% thermal,
40% electrical

93%

2.200

164,500

1.0

CHP

45% thermal,
33% electrical

93%

1.470

146,800

0.1

CHP

45% thermal,
30% electrical

93%

0.450

27,600

5.0

CF gas
boiler

90% thermal

95%

0.141

900

1.0

CF gas
boiler

90% thermal

95%

0.028

180

0.1

CF gas
boiler

90% thermal

95%

0.007

18

108

Plant efficiencies, availability and costs are taken from SKM Enviros‟ draft report to
DECC, Analysis of characteristics and growth assumptions regarding AD biogas
combustion (draft 14 Dec 2010).
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8.3.4 Fuel prices and emission factors
The data sources from which fuel price projections were taken are summarised below.
Table 29: Fuel price projections – data sources
Fuel

Data source

Notes

Electricity

CCC

Baseline electricity prices for 2030 from CCC‟s power
sector modelling work. IAG (Central) prices were used to
2020, with linear interpolation from the 2020 IAG prices
to the 2030 CCC prices.

Natural gas

IAG

Low, Central and High forecasts from IAG figures.

Biomass

DECC

Non net
bound

IAG

109

Chip and pellet prices taken from the international
110
biomass price scenarios in a 2010 study for DECC.
Non net bound prices are a weighted average of IAG oil
(77%) and coal (23%) prices, in line with assumptions in
previous work for the CCC.

The following tables show fuel prices under each fuel price scenario in selected years.
Table 30: Fuel price projections: Central scenario (baseline values)
Fuel prices (Central scenario) in £/MWh (2010 £)

Electricity
– peak

Electricity
– off-peak

Natural
gas

Biomass
chips

Biomass
pellets

Non net
bound

109
110

2011

2015

2020

2025

2030

Domestic

129.36

143.60

162.96

197.37

231.78

Commercial

105.36

119.37

139.76

172.22

204.69

Industrial

96.68

109.54

128.25

166.47

204.69

Domestic

129.36

143.60

162.96

172.01

181.07

Commercial

105.36

119.37

139.76

148.07

156.39

Industrial

96.68

109.54

128.25

142.32

156.39

Domestic

41.99

48.38

55.45

56.54

59.06

Commercial

30.70

33.39

40.76

42.67

44.09

Industrial

28.00

30.46

37.18

38.92

40.22

Domestic

28.32

32.85

38.52

40.40

42.38

Commercial

23.19

28.41

34.94

37.10

39.39

Industrial

23.19

28.41

34.94

37.10

39.39

Domestic

58.23

56.80

55.02

57.72

60.54

Commercial

48.64

47.46

45.99

48.84

51.86

Industrial

41.99

42.03

42.08

44.68

47.45

Domestic

38.61

39.31

40.90

42.48

44.06

Commercial

34.40

35.04

36.49

37.94

39.39

Industrial

31.93

32.57

34.02

35.47

36.92

www.decc.gov.uk/en/content/cms/statistics/analysts_group/analysts_group.aspx.
Biomass prices in the heat and electricity sectors, E4Tech for DECC (January 2010).
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Table 31: Fuel price projections: Low fossil fuel and biomass price scenario
Fuel prices (Low scenario) in £/MWh (2010 £)

Electricity
– peak

Electricity
– off-peak

Natural
gas

Biomass
chips

Biomass
pellets

Non net
bound

2011

2015

2020

2025

2030

Domestic

129.36

143.60

162.96

197.37

231.78

Commercial

105.36

119.37

139.76

172.22

204.69

Industrial

96.68

109.54

128.25

166.47

204.69

Domestic

129.36

143.60

162.96

172.01

181.07

Commercial

105.36

119.37

139.76

148.07

156.39

Industrial

96.68

109.54

128.25

142.32

156.39

Domestic

31.11

36.55

42.78

42.61

43.75

Commercial

19.55

21.27

27.78

28.40

28.41

Industrial

17.84

19.40

25.34

25.91

25.91

Domestic

25.45

30.76

37.38

39.21

41.13

Commercial

18.19

25.17

33.91

36.01

38.23

Industrial

18.19

25.17

33.91

36.01

38.23

Domestic

49.55

50.55

51.79

54.32

56.98

Commercial

42.27

43.06

44.04

46.76

49.65

Industrial

37.22

38.51

40.12

42.60

45.24

Domestic

30.69

33.22

33.86

33.86

33.86

Commercial

27.16

29.48

30.06

30.06

30.06

Industrial

24.69

27.01

27.59

27.59

27.59
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Table 32: Fuel price projections: High fossil fuel and biomass price scenario
Fuel prices (High scenario) in £/MWh (2010 £)

Electricity
– peak

Electricity
– off-peak

Natural
gas

Biomass
chips

Biomass
pellets

Non net
bound

2011

2015

2020

2025

2030

Domestic

129.36

143.60

162.96

197.37

231.78

Commercial

105.36

119.37

139.76

172.22

204.69

Industrial

96.68

109.54

128.25

166.47

204.69

Domestic

129.36

143.60

162.96

172.01

181.07

Commercial

105.36

119.37

139.76

148.07

156.39

Industrial

96.68

109.54

128.25

142.32

156.39

Domestic

46.74

56.16

66.87

66.49

67.61

Commercial

35.55

41.34

52.45

52.86

52.84

Industrial

32.43

37.71

47.85

48.22

48.20

Domestic

36.96

41.18

46.45

48.72

51.10

Commercial

26.41

33.39

42.13

44.73

47.50

Industrial

26.41

33.39

42.13

44.73

47.50

Domestic

64.54

64.62

64.73

67.90

71.22

Commercial

54.80

54.80

54.80

58.19

61.79

Industrial

47.36

48.93

50.89

54.03

57.38

Domestic

43.96

48.32

54.02

54.02

54.02

Commercial

39.29

43.30

48.51

48.51

48.51

Industrial

36.82

40.82

46.03

46.03

46.03
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8.3.5 Renewable Heat Incentive: support levels
Non-domestic RHI levels
RHI subsidy levels for the non-domestic sector are based on DECC confirmed RHI levels
made available during the study. Domestic RHI subsidy levels were not confirmed at the
time of writing, and so the levels proposed in the initial DECC RHI consultation document
111
were used.
Table 33: RHI levels for the non-domestic sector
Tariff category
(band)

Tariff (p/kWh)

Small
(below 200kWth)

Tier 1: 7.6
Tier 2: 1.9

Medium
(above 200kWth
but below 1MWth)

Tier 1: 4.7
Tier 2: 1.9

Large
(1MWth and above)

2.6

Small
(below 100kWth)

4.3

Large
(100kWth and
above)

3.0

Solar
thermal

All
(below 200kW)

8.5

Applied to all annual output.

Biomethane

All
(below 200kWth for
on-site biogas
combustion)

6.5

Applied to all annual output.

Technology

Biomass

Ground
Source Heat
Pump

Support formula
Tier 1 applies annually up to the
Tier 1 Break, tier 2 applies for
generation above the Tier Break.
The Tier Beak is defined as:
installed capacity (kWth) x 15%
peak load hours (i.e. 1,314).

Applied to all annual output.
Applied to all annual output.

A notable difference to the subsidy levels initially proposed is the exclusion of subsidies for
ASHPs, which have achieved considerable uptake to date in the commercial sector
without subsidy support.

Domestic RHI levels
Technology

Tariff category (band)

Tariff (p/kWh)

Tariff lifetime
(years)

Biomass

Up to 45kWth

9.0

15

GSHP

Up to 45kWth

7.0

23

ASHP

Up to 45kWth

7.5

18

Solar thermal

Up to 20kWth

18.0

20

111

Renewable Heat Incentive: Consultation on the proposed RHI financial support
scheme, DECC (February 2010).
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Tariff degression
At the time of writing, no degression rates have yet been published for the RHI. However,
tariff degression is likely when subsidy levels are reviewed. In the absence of published
degression rates, it has been assumed that subsidy levels will decrease in line with
reductions in costs of LCOE resulting from capital cost reductions (see section 5.4).
Table 34: Assumed change in RHI support levels over time in the baseline (p/kWh)

ASHP

GSHP

Solar
thermal
Biogas

2011

2012

2013

2014

2015

2020

Domestic

7.5

7.3

7.1

6.9

6.7

6.1

Domestic

7.0

6.8

6.6

6.5

6.3

5.7

Non-dom (small)

4.3

4.2

4.1

4.0

3.9

3.5

Non-dom (large)

3.0

2.9

2.9

2.8

2.7

2.5

Domestic

18.0

17.5

17.0

16.5

16.0

15.3

Non-domestic

8.5

8.2

7.9

7.6

7.4

6.5

On-site combustion
<200kWth /
biomethane injection

6.5

6.4

6.4

6.3

6.2

5.9
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8.3.6 Suitability112
A fundamental restriction to uptake of renewable heat technologies is a lack of suitability
for some building types, as discussed in section 3.1. This is implemented in the model by
restricting the number of consumers (of each type) who may install each technology.
Suitability factors for „central‟, „high‟, and „low‟ scenarios were derived from the previous
modelling of uptake of RES-H for the CCC and „central‟ values were used in the baseline.
Table 35: Suitability factors for ASHPs
Key

Building type

Location
(nominal)

Age

CF fuel

A

House

Suburban

New build

B

Flat

Suburban

C

House

D

Suitability
Low

Central

High

Gas

67%

79%

83%

New build

Gas

67%

79%

83%

Suburban

Other

Gas

50%

71%

78%

Flat

Suburban

Other

Gas

44%

64%

70%

E

House

Urban

SWI

Gas

0%

5%

10%

F

House

Suburban

SWI

Gas

0%

5%

10%

G

House

Suburban

Other

Electricity

13%

18%

19%

H

Flat

Suburban

Other

Electricity

11%

16%

18%

I

House

Rural

Other

Off-grid

50%

75%

83%

J

House

Rural

SWI

Off-grid

0%

5%

10%

A

Small private

All

All

Gas

50%

75%

83%

B

Small private

All

All

Electricity

45%

73%

82%

C

Small public

All

All

Gas

47%

74%

82%

D

Large public

All

All

Gas

53%

76%

84%

E

Large private

All

All

Gas

53%

76%

84%

A

Large, space

All

All

Gas

47%

74%

82%

B

Small, space

All

All

Off-grid

47%

74%

82%

C

Small, high-T.
process

All

All

Gas

0%

0%

0%

D

Large, high-T.
process

All

All

Gas

0%

0%

0%

E

Small, high-T.
process

All

All

Off-grid

0%

0%

0%

112

Suitability factors derived from previous analysis by NERA and AEA for DECC.
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Table 36: Suitability factors for GSHPs
Key

Building type

Location
(nominal)

Age

Suitability

CF fuel
Low

Central

High

A

House

Suburban

New build

Gas

50%

75%

83%

B

Flat

Suburban

New build

Gas

67%

83%

89%

C

House

Suburban

Other

Gas

42%

65%

72%

D

Flat

Suburban

Other

Gas

41%

63%

70%

E

House

Urban

SWI

Gas

0%

5%

10%

F

House

Suburban

SWI

Gas

0%

5%

10%

G

House

Suburban

Other

Electricity

10%

16%

18%

H

Flat

Suburban

Other

Electricity

10%

16%

18%

I

House

Rural

Other

Off-grid

44%

72%

81%

J

House

Rural

SWI

Off-grid

0%

5%

10%

A

Small private

All

All

Gas

52%

70%

76%

B

Small private

All

All

Electricity

45%

68%

76%

C

Small public

All

All

Gas

48%

69%

76%

D

Large public

All

All

Gas

47%

71%

78%

E

Large private

All

All

Gas

47%

71%

78%

A

Large, space

All

All

Gas

49%

69%

76%

B

Small, space

All

All

Off-grid

52%

71%

77%

C

Small, high-T.
process

All

All

Gas

0%

0%

0%

D

Large, high-T.
process

All

All

Gas

0%

0%

0%

E

Small, high-T.
process

All

All

Off-grid

0%

0%

0%
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Table 37: Suitability factors for biomass boilers
Key

Building type

Location
(nominal)

Age

Suitability

CF fuel
Low

Central

High

A

House

Suburban

New build

Gas

44%

56%

60%

B

Flat

Suburban

New build

Gas

0%

0%

0%

C

House

Suburban

Other

Gas

67%

83%

89%

D

Flat

Suburban

Other

Gas

0%

0%

0%

E

House

Urban

SWI

Gas

22%

31%

33%

F

House

Suburban

SWI

Gas

67%

81%

86%

G

House

Suburban

Other

Electricity

17%

20%

21%

H

Flat

Suburban

Other

Electricity

0%

0%

0%

I

House

Rural

Other

Off-grid

67%

83%

89%

J

House

Rural

SWI

Off-grid

67%

83%

89%

A

Small private

All

All

Gas

50%

71%

78%

B

Small private

All

All

Electricity

56%

69%

74%

C

Small public

All

All

Gas

53%

70%

76%

D

Large public

All

All

Gas

67%

77%

81%

E

Large private

All

All

Gas

67%

77%

81%

A

Large, space

All

All

Gas

67%

81%

86%

B

Small, space

All

All

Off-grid

67%

77%

80%

C

Small, high-T.
process

All

All

Gas

29%

50%

85%

D

Large, high-T.
process

All

All

Gas

29%

50%

85%

E

Small, high-T.
process

All

All

Off-grid

29%

50%

85%
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Table 38: Suitability factors for solar thermal
Key

Building type

Location
(nominal)

Age

Suitability

CF fuel
Low

Central

High

A

House

Suburban

New build

Gas

67%

83%

89%

B

Flat

Suburban

New build

Gas

67%

83%

89%

C

House

Suburban

Other

Gas

58%

75%

81%

D

Flat

Suburban

Other

Gas

67%

83%

89%

E

House

Urban

SWI

Gas

56%

74%

80%

F

House

Suburban

SWI

Gas

50%

72%

80%

G

House

Suburban

Other

Electricity

58%

77%

83%

H

Flat

Suburban

Other

Electricity

67%

83%

89%

I

House

Rural

Other

Off-grid

58%

79%

86%

J

House

Rural

SWI

Off-grid

50%

75%

83%

A

Small private

All

All

Gas

50%

72%

80%

B

Small private

All

All

Electricity

50%

73%

81%

C

Small public

All

All

Gas

50%

73%

80%

D

Large public

All

All

Gas

50%

73%

80%

E

Large private

All

All

Gas

50%

73%

80%

A

Large, space

All

All

Gas

50%

75%

83%

B

Small, space

All

All

Off-grid

50%

75%

83%

C

Small, high-T.
process

All

All

Gas

0%

0%

0%

D

Large, high-T.
process

All

All

Gas

0%

0%

0%

E

Small, high-T.
process

All

All

Off-grid

0%

0%

0%
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8.3.7 Calculating ARR
„Additional renewable resource‟ (ARR) is an alternative metric for reporting the heat
generation from RES-H technologies. ARR is a measure of the contribution to the UK‟s
renewable energy targets under EU legislation, and differs from the TWh heat output. ARR
is calculated using the definitions below.
Table 39: ARR calculation methodology
RES-H technology

Calculation methodology

113

Biomass combustion

ARR defined as the energy content of the biomass feedstock

Heat pumps

ARR defined as the heat output minus the electricity input

Biomethane injection

ARR defined as the energy content of the biomethane
injected to the grid

Biogas combustion

ARR defined as the energy content of the biogas combusted

District heating

ARR defined as the heat delivered to the end-user

Thus for biomass boilers ARR is greater than heat output, whereas for heat pumps the
opposite is true.

113

ARR calculation methodologies from The UK Supply Curve for Renewable Heat, NERA
for DECC (July 2009)
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8.4 Relationship between discounting and barriers
8.4.1 Consumer discounting behaviour
As noted above, a key factor in understanding barriers to renewable heat uptake is to
account for the trade-off between up-front and ongoing costs and benefits. A range of
evidence suggests that many consumers – both firms and other organisations and
households – impose very stringent criteria in evaluating this trade-off, for investments in
non-core business activities in general, and for energy-related investment in particular.
The rates used are often higher than interest rates or other relevant costs of capital to
which investors have access.
Evidence on the level discounting comes from a range of sources. In past work, Element
Energy undertook surveys designed to elicit information about the trade-off between upfront and ongoing costs and benefits. These found many domestic consumers are likely to
require a simple payback of less than three years in order to consider a higher capital
114
outlay attractive. This observation is broadly in line with the findings by a large empirical
literature – derived in large part from studies of consumer purchases of energy-consuming
durable (cars, appliances, etc.), but also from other markets – which has found large
115
implied discount rates, often far in excess of market interest rates.
Many of these
studies also find that observed discount rates vary across the population (e.g., by income
or other demographic group). To this can be added consideration of individual time
preference. A wide range of empirical or experimental estimates of time preference
indicates that this can imply very high discount rates, with values in excess of 100 percent
116
reported from several studies.
Similarly, it is a common observation in literature on capital budgeting that many firms use
117
hurdle rates for investment decisions that exceed their cost of capital. Sometimes, and
especially for small firms, this rule is further simplified to a “payback” rule, requiring that
the expected returns in the first few (say 3–5) years of an investment offset the initial
capital outlay.
The use of high hurdle rates may seem puzzling – after all, capital markets could be
expected to enable buyers to turn an up-front cost into a stream of payments that could be
directly offset by opex savings, with discount rates equal to the cost of capital. A range of
potential explanations have been advanced. Broadly speaking, explanations have centred
on three main categories:


Capital market failures and organisational limitations.



Risk and uncertainty.



Hidden and missing costs.

In other words, many of the factors that lead to high observed discount rates are closely
related to the categories of barriers discussed above. We discuss aspects of this in more
detail below.

114

The growth potential for microgeneration in England, Wales and Scotland, Element
Energy for BERR (2008).
115
Examples include Hausman (1979), Goett and McFadden (1982), and many others.
116
See Frederick et al (2002) for an extensive survey.
117
E.g., Poterba and Summers (1995), Meier and Tarhan (2006).
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8.4.2 Capital market failures and organisational limitations
The literature has advanced various explanations for the existence of high hurdle rates.
The most straightforward is that capital market imperfections and rationing of credit limit
118
the ability to rely on capital markets. This can have a range of effects. Households may
be unable to borrow; unwilling to do so for fear of limited access to further credit that may
be required at a later stage; or able to borrow only at high interest rates (such as those of
credit cards or consumer finance). Similarly, they may be unwilling to forego savings which
may be required for other purposes (e.g., as a “buffer stock” against future financial
difficulty), a hypothesis supported by the observation that net saving has been observed
even during periods of negative real interest rates. Similar considerations can apply at the
firm level, with companies reserving scarce credit to other activities.
Other models focus instead on the rationing of management time and other organisational
119
constraints, especially in the presence of projects that represent real options.
An
analogous factor for households is scarce leisure time.
Common to these explanations is the emphasis on opportunity cost. When capital, time,
management attention, or other key factors are scarce, undertaking a project or a
purchase entails foregoing another potential opportunity. For a firm, this may be an
investment in core business activity (e.g., to increase production); for a household it may
be a wide range of choices, ranging from a better vacation to other improvements to a
house. In such cases, it can be perfectly rational to undertake only those projects or
purchases that achieve a (very) high rate of return or advantageous payback periods.
Further explanations emphasise agency problems that arise from asymmetric information
within firms, while yet another strand of reasoning focuses on behavioural finance,
explaining high hurdle rates as a counter to behavioural biases such as optimism or
120
overconfidence.

8.4.3 Risk and uncertainty
The literature on energy investments, and especially that on energy efficiency, also has
identified various other considerations that apply specifically to investments related to
energy use. One category of explanation has focussed on risk. As noted above, many
aspects of renewable heat investment are uncertain, with important factors including future
energy prices, asset lifetimes, the extent of energy savings for a given energy price, or the
resulting quality of service.
This in turn can result in high discount rates. Some explanations have tried to relate high
discount rates to these risks within a capital asset pricing model (CAPM) or related
121
framework , but it is not clear that this general method has met with much success (in
fact, the logic of CAPM may in fact imply that the return demanded of energy efficiency
122
investments should be lower rather than higher than market interest rates). Other efforts
have modelled uncertainty instead within a framework of “real options”, focussing on the
loss of the option to delay irreversible investment until uncertainty is resolved. Some have
suggested that this may produce decision outcomes that can be observationally equivalent
123
124
to high hurdle rates, both for energy efficiency
and for other pollution abatement.
118

E.g., Stiglitz and Weiss, 1981 and subsequent literature.
E.g., Jagannathan and Meier (2002).
120
E.g., Gervais (2009).
121
Sutherland (1991) is an example.
122
Metcalfe (1994).
123
Hassett and Metcalf (1995), van Soest and Bulte 2000, Diederen et al. (2004).
119
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Some of these studies find that uncertainty can increase hurdle rates by a factor of 2–4.
However, it is less clear that this is as relevant to heating technologies, where the option of
delaying decisions may not be available. In addition, others have expressed scepticism
about the magnitudes advanced by the proponents of the real-options framework for
125
explaining high observed discount rates.
In general, there is agreement that perceived performance risk is likely to produce
decisions that are observationally equivalent to higher hurdle rates. However, there is
much less agreement to what extent this results in a higher rate of time discounting (as
opposed to up-front real options), or on the appropriate explanatory model for the impact
of uncertainty. This makes it very difficult to know how best to account for risk, uncertainty,
and lack of confidence when endeavouring to put quantitative estimates on barriers to
uptake.

8.4.4 Hidden and missing costs
The literature on discounting also has identified a number of factors that are better
126
characterised as costs rather than risks.
Many of the transaction costs and barriers
noted above are relevant to this discussion. If omitted from empirical estimates of hurdle
rates, the outcome is observationally equivalent to high hurdle rates. To see this, consider
a study that finds that an investor requires payments of £200/year for 10 years to incur an
additional up-front cost of £1,000. This can be characterised as having a hurdle rate of 16
percent. However, if there are up-front hidden and missing costs (e.g., search costs,
uncertain future benefits, etc.) valued by the investor at, say, £200, the actual discount rate
is in fact 12 percent. The estimated higher rate of 16 percent is an artefact of excluding the
£200 cost in the estimate; or, equivalently, it is the hurdle rate applied when evaluating the
decision at the observed cost of £1,000, and omitting the unobserved additional £200 of
relevance to the consumer.
In the same vein, higher hurdle rates may be used within organisations or implicitly by
households as a decision mechanism to compensate for the likely existence of costs that
may not have been adequately accounted for within the calculation of a project‟s net
present value (thus closely related to a correction for optimism bias).
In addition to direct costs, as noted above organisations may have incentive structures that
prevent future savings on operational costs from being efficiently weighed against capital
expenditure (e.g., because of the “tenure” issue, a split between department budgets, or
127
between landlords and tenants).

8.4.5 Implications for quantitative estimates of barriers
The key insight from the literature briefly surveyed above is that hurdle rates, payback
periods, and other observed consumer behaviours are the result of a combination of
several different factors, all of which are relevant to understanding the barriers to uptake of
renewable heat, but which also present challenges to isolating the influence of individual
categories of barriers. Put differently, many of the barriers to renewable heat discussed
above may find expression in practice as high hurdle rates / short payback period
requirements.
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Löfgren et al. (2008).
Sanstad et al. (1995).
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See Gillingham et al (2009) for a useful survey.
127
See, e.g., Jaffe and Stavins (2004).
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Given this, an immediate challenge is how to distinguish between the trade-off between
up-front and ongoing costs and benefits, on the one hand, and other factors that influence
observed high discount rates, on the other.
On one level, there are good reasons to separate the two as far as possible, as many of
the above factors underlying high (observed) hurdle rates are not strictly speaking related
to time discounting. For example:


Search costs, contracting costs, and many other transaction costs are more likely
to add additional up-front costs of investment (similar to higher capex) than to
affect how a given cost needs to be compensated over time, as is the case with a
higher discount rate.



A probability of poorer-than-expected performance represents a lower level of
expected payoffs, and differs from a lower value of far-off pay-offs, as would be
implied by a higher discount rate.



Capital rationing would not affect the relative value of investments with identical
up-front costs but a different time profile of future payoffs, whereas a higher
discount rate would alter their relative merit.

Despite these and other distinctions, there are two major reasons why uptake modelling in
practice may not be able to neatly separate high time discount rates (or other equivalent
representations, such as short payback periods) from market failures, risk, and “hidden
and missing” cost considerations.
First, much of the evidence about the amount of compensation investors require to
undertake the relevant measures may be available only in the form of estimates of (high,
observed) discount rates. “Hidden and missing” costs are often just that – factors for which
no quantitative estimates of individual magnitudes exist. As a result, as noted above, in
econometric studies of discount rates the estimated rate is often a “residual”, capturing not
only actual discounting but also any costs omitted from the estimation.
Some of the literature has concluded that there may be little hope of empirically
128
disentangling the many factors that result in high empirical estimates of discount rates.
Where no direct estimates are available, estimated discount rates may in fact be the only
indication of the likely magnitude. There therefore may be a choice between either
representing the omitted costs imperfectly through high discount rates, at the cost of some
distortion, or otherwise risk excluding a set of relevant costs from the calculations
altogether. Accepting the former risk may be preferable in order to get a better indication of
the true cost of abatement.
The second reason that it may be appropriate to use high discount rates or payback
requirements as a proxy for hidden and missing costs is that it may in fact approximate the
decision rule used by investors. There is a literature on capital budgeting documenting the
use of (hurdle) discount rates as a single simplifying mechanism to perform multiple
functions – including the rationing of capital and management time; accounting for
potential omitted costs; capturing risk considerations; and compensating for agency
129
problems, optimism bias, and related factors. This is not limited to private investors, but
is implied by many public institutions agencies (e.g., the World Bank, which uses a hurdle
128

E.g. Jaffe and Stavins, 1994.
By contrast, a simple account of economic theory would be to suggest that project
valuation should account for expected costs and biases directly; handle risk through a
project-specific capital-asset pricing model or otherwise derived cost of capital; and then
use an net-present-value rule to rank projects.
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rate of 12 percent, or various public investment funds, which rank projects on the basis of
their internal rate of return). In this context, high hurdle rates are a real feature of the
institutions carrying out the investment. Analysis of uptake therefore may do best to reflect
this practice, which governs the actual allocation of resources.
This also raises the issue of how to avoid double-counting costs that are already captured
implicitly in high investment hurdle rates. The best way to handle this would be to ensure
that any hurdle rate estimates used are specified for costs that include the relevant
transaction costs. Alternatively, depending on the amount of information available, there
may be a case for reducing the hurdle rates that are believed to obtain in the absence of
explicit accounting for transaction costs.
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8.5 Quantification of factors limiting uptake
Where factors limiting uptake are not quantified in section 5, the assumptions used in
modelling barriers are included here.

8.5.1 Cost of lost space
The hassle cost of space taken up by non-domestic biomass boilers is included in the
hassle barriers modelled in section 5.2.8.
Baseline: no cost penalty allowed for additional space needed for biomass boiler.
2

2

Barrier: An added hassle cost of £750/m and £250/m lost floor area (Commercial /
Industrial respectively) is included in the capital cost. The floor area is lost to biomass
2
feedstock storage, and as such is a function of boiler size. E.g. 25m for boilers < 1MWth,
2
50m for boilers > 1MWth (based on previous work by Element Energy).

8.5.2 Value of time for researching new technologies
The time taken to research new technologies is represented in the baseline as a hassle
cost. Total time (and cost) will vary by technology (and consumer group). Time spent by
consumers researching new technologies is monetised based on an assumed time value
130
of £32 per hour.
Table 40: Assumptions of time spent to research new technologies
Technology

Time and cost assumptions to represent
research time

Additional capital
cost perceived
by consumer

ASHP / GSHP

Domestic: assume research time of 8 hours.
Non-domestic: assume research time of 8
hours.

Domestic and nondomestic: £256.

Biogas / Biomass
CHP / District
heating

Capital cost assumptions to include allowance
for feasibility study – no additional research
time cost included.

N/A.

Biomass boiler

Domestic: assume research time of 8 hours.
Non-domestic: assume research time of 8
hours.

Domestic and nondomestic: £256.

Solar thermal

Domestic: assume research time of 4 hours.
Non-domestic: assume research time of 4
hours.

Domestic and nondomestic: £128.

Consumers‟ ability to successfully research renewable heat technologies of interest
depends on clear information being readily available. The modelling includes an implicit
assumption that the amount of information currently available (e.g. via installers and
organisations such as the Energy Saving Trust) is maintained and expanded as these
industries grow.

130

This is adjusted for inflation from a 2002 average price of £26.73 given in Values of
time and operating costs Department for Transport (April 2009).
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8.6 Other barriers identified but not quantified
8.6.1 ASHPs
Barrier

Notes

Need for planning permission
(noise concerns).

Assumption that in most cases planning permission
will not be required for ASHPs. Further details on
permitted development rights and ASHPs are
expected later in 2011.

Resource constraints (number of
suitable sites).

Captured by base case suitability factors.

Electrical infrastructure limiting high
deployment / neighbourhood
schemes.

Assume that sufficient investment is made in
transmission and distribution networks such that this
131
is not a restrictive barrier.

Domestic output limited by single
phase supply.

Any homes that would require a heat pump in
excess of limit of single phase domestic supply are
excluded by base case suitability factors.

8.6.2 Biogas
Barrier

Notes

Collection and distribution of heat
(if used in district heating).

Adequate costs are allowed in cases where district
heating is implemented.

Lack of R&D on collection of landfill
gas.

The number of landfill gas projects has increased
significantly in recent years. Assume that these
projects will provide additional learning.

Lack of incentives for farmers to
grow / use energy crops for biogas
production.

No data available to quantify this barrier.

Planning permission (particularly
with respect to waste logistics and
odour).

Not possible to quantify separately from supply side
constraint scenarios.

Waste handling licences (e.g. for
AD if importing third party waste).

Total capital cost includes allowance for licence
where appropriate.

Technical complexity (difficult
decisions in choosing AD plant).

Total capital cost includes cost of support from
consultants for feasibility and technology selection.

Waste handling infrastructure (not
optimised for AD).

No data available to quantify this barrier.

131

Uptake of heat pumps should be viewed in the wider context of increased reliance on
low carbon electricity to meet CO2 saving targets in other sectors – e.g. transport. The
impact on the grid and mitigation strategies such as smart grids are being researched –
e.g. £500m available through the Low Carbon Network Fund for research and
development between 2010 and 2015.
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8.6.3 Biomass boilers
Barrier

Notes

Poor historical performance.

Captured in consumer confidence in technology
barrier.

Transportation issues.

Captured by base case suitability factors.

Unreliable fuel supply.

Assumption that fuel supply chains develop in line
with increased demand. Overall resource availability
barrier captured through alternative biomass price
scenarios.

Lack of competitive products.

Assume that market develops (e.g. imported boilers
from Europe could supply demand).

Definition of biomass waste
(specific regulations for storage,
handling, transport & use apply to
'waste').

Not expected to be a significant barrier. Europe-wide
standards for biomass fuel are under development.

Planning permission.

Not normally an issue (most work is internal and
flues are usually permitted development).

Lack of ESCO development.

Assume that new companies form / existing ESCOs
expand following introduction of the RHI (e.g. based
on experience of new companies forming to take
advantage of the FiT).

Lack of local suppliers in some
areas (of both fuel and equipment).

Not possible to quantify. Assumption that national
supply chains will develop.

Fire hazard due to biomass fuel
store.

Not a significant barrier provided that fuel storage
guidelines are adhered to.

8.6.4 Biomass CHP
Barrier

Notes

Need for coordination with
community / district heating to
reach many space heating loads.

Captured within the range of suitability scenarios
defined.

Potential failure of distribution
charging to reflect system benefits
of distributed generation.

Not possible to quantify.

140

Achieving deployment of renewable heat
Final report

8.6.5 District heating
Barrier

Notes

Characteristics of UK housing stock
(relatively low share of flats) makes district
heating relatively expensive.

District heating costs (and cost scenarios)
reflect costs in the UK.

Lack of experience of district heating
amongst UK developers.

Not possible to split out effect from year-onyear growth rate scenarios.

Limited UK industry capacity (supply chain,
skills etc.).

Captured within year-on-year growth rate
scenarios.

Undeveloped and potentially changing
regulatory framework (cost recovery,
safeguards for consumers).

Not possible to quantify.

Regulation to prevent long-term contracts
(e.g. gas) and conflict with other elements
of competitive energy markets (consumer
choice).

Not possible to quantify within current
model.

Lack of standard contracting terms for
connection, procurement, etc.

Not possible to quantify.

8.6.6 GSHPs
Barrier

Notes

Lack of space to install collectors.

Captured in assessment of technical
potential.

Availability of aquifers (for ground water
heat pumps) and permission to use
aquifers.

No distinction made between different types
of GSHP.

Electrical infrastructure limiting high
deployment / neighbourhood schemes.

Assume that sufficient investment is made
in transmission and distribution networks
such that this is not a restrictive barrier.
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8.6.7 Solar thermal
Barrier

Notes

Difficulties in integrating with existing
heating system.

Capital cost assumptions reflect total cost of
installation, including integration.

Small UK manufacturing base.

Assumption that either UK manufacturing
base grows in line with demand or that
demand can be satisfied through
international markets.

Consumer confidence in technology.

No allowance made in the case of solar
thermal on the basis that it is slightly more
familiar to consumers than the other
renewable heat technologies and that it is
not the primary source of heat.

Difficulties in retrofitting solar thermal
(range of roof types, collector fittings etc.).

Not possible to quantify.

Compatibility of combi boilers.

Considered a potential barrier but solutions
exist (e.g. solar thermal providing preheated water to the boiler or conversion
back to a system boiler).

Building control requirement that all heating
installations must be checked by a building
inspector / installed by a „competent
person‟.

Extension of Competent Person Schemes
to include microgeneration means that this
is not expected to remain as a significant
barrier.
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8.7 Heat pump performance
8.7.1 UK experience
The results presented in section 5 highlight the central role that heat pumps are expected
to play in meeting RES-H ambitions. It is therefore important to understand how heat
pumps perform in practice, and whether efficiency improvements are achievable.
Ground-source and air-source heat pumps are relatively new in the UK, and the best
current source of data on their real-world performance is a field trial carried out by the
Energy Saving Trust from 2009–2010. The field trial monitored technical performance and
consumers‟ behaviour at 83 domestic sites across the UK in order to provide information
about the factors affecting the success of domestic heat pump installations. Information
gathered includes COP, installation practises, customer behaviour and heat load
characteristics. The graphs below are taken from the EST report and show the COPs of
the monitored installations for comparison with the COP assumptions behind the CCC
132
fourth carbon budget.

132

Getting Warmer: a field trial of heat pumps, The Energy Saving Trust (2010).
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CCC central scenario
assumes ASHP initial
COP 2.5 to 4

CCC central scenario
assumes GSHP initial
COP 3.2 to 4

Figure 54: ASHP and GSHP COPs from UK EST trials
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For consistency, heat pump COPs used in this study‟s baseline were taken from previous
modelling for the CCC (for the fourth carbon budget). Figure 54 shows that these
assumptions are at the upper bound of efficiency values seen in the UK in practice to date.
However, the purpose of the trial was to gain experience of installing and using the
technology, which is relatively new to the UK domestic heating market. The EST report
cites a number of reasons for lower than expected COP values, including:


Consumer behaviour not optimised for heat pumps leading to lower COPs.



Many systems were installed incorrectly.



Some installations had been sized incorrectly.

Heat pumps are more widely used in other European countries and evidence of
experience from elsewhere is presented below.

8.7.2 European experience
The Heat Pump Test Centre (WPZ) in Switzerland carries out tests of European Heat
Pumps to BS test specifications. COP distributions for ATW ASHPs and GSHPs are
shown below. Test results are for low-temperature heating systems (45 / 40ºC flow /
return).

Figure 55: Heat pump COPs from European 2010 data based on low temperature
o
heat distribution (45 / 40 C flow / return)
These tests indicate that COPs of 3 for ASHPs and 4 for GSHP are achievable with
available technology if the barriers identified in EST trials can be overcome.
The technological progress of heat pumps can also be seen from WPZ data below, which
shows the improving COP of ATW ASHPs over time, tested for a low-temperature heating
system.
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Figure 56: European ASHP ATW COP improvement over time

133
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Institute for Energy Systems IES (2010).
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8.8 International case studies
8.8.1 Germany
134

2010 RES-H/C share of gross consumption

2010 overall RES share of gross consumption

9%

115 TWh

10.1%

263 TWh

Historical fuels for heating

Imported oil & gas

Main RES policy types

Financial incentives

Main RES-H growth markets from 1990

Solar thermal, biomass, heat pumps, biogas

Context
Germany‟s climate and access to renewable resources are similar to the UK. Growth of
solar and biomass heating has been steady since the late 1990s, with very significant
RES-E and RES-H growth in the latter part of the last decade. This has been achieved
mainly through financial incentives, but augmented by the use of regulations to ensure
uptake.

RES policies implemented
Renewable Energy Act (EEG), 2000 – present
Electricity feed-in tariff giving attractive energy-based support to small and large RES-E,
funded through an increase in electricity prices. Tariffs are finely banded with stated
degression levels and review periods and are linked to quality assurance through
equipment and installer certification. The initial FiT in 2000 had no guaranteed duration.

Figure 57: German RES-E uptake under the EEG, 1990-2009

135
136

RES-E generation quintupled to 93TWh from 1990–2009 , stimulating a native
renewables sector (with associated economic benefits) and reducing dependence on
energy imports. The public cost is limited to administrative costs. By stating review
periods, publishing degression rates and guaranteeing a payment period, uncertainty was
134

Germany National Renewable Energy Action Plan, in accordance with Directive
2009/28/EC.
135
Renewable Energy Sources in Figures, Federal Ministry for the Environment,
Conservation and Nuclear Safety (2009).
136
Germany National Renewable Energy Action Plan, in accordance with Directive
2009/28/EC.
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reduced and uptake was increased. Linking the support to installation quality ensured the
expected RES-H generation.

Renewable Heat Law (EEWarmeG), 2009 – present
Legislation requiring 15–50% of heat loads for new and refurbished buildings to be met by
RES-H. Also makes allowance for local authorities to prescribe extension and connection
of heat grids.
The solar thermal market contracted by 23% in 2009 due to the global economic downturn
137
and lower fossil fuel prices, despite the policy.

Market Incentive Programme (MAP), 1999 – present
Long term capital investment support programme for renewable heating. Successor to the
“100 million programme” which served a similar purpose but suffered from a lack of
funding, which ran out after only one year. Complemented by awareness campaigns and
pilot / demonstration projects.
RES-H tripled to 115TWh from 1990–2009 with biomass installations predominant. By
2009, €827m triggered investments worth €6.5 billion. The reliance on public funding
makes uptake very vulnerable to political instability, and the discussion of changes is seen
138
to have a strong and negative effect on market stability. The inclusion of heat pumps in
2008 triggered a 50% expansion of the heat pump market.

Conclusions from policy experience


The German EEG feed-in tariff for renewable electricity caused generation to
quintuple to 93TWh from 1990–2009, with policy costs passed on to consumers
via a levy on electricity bills. Regular review periods and published degression
rates have maintained steady growth over this period for all technologies
supported.



The German Market Incentive Programme (MAP) offers capital investment support
for RES-H, and from 1999–2009 a policy spend of €827m triggered investments
worth €6.5 billion. The MAP has been reliant on public funding, subject to annual
approval, and speculation around the future of the MAP has been seen to have a
strongly negative effect on uptake, with a 23% solar thermal market contraction in
2009.

137

Solar thermal markets in Europe – Trends and market statistics 2009, ESTIF (June
2010).
138
Best practise regulations for solar thermal, ESTIF (August 2007).
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8.8.2 Spain
2010 RES-H/C share of gross consumption

139

11.3%

43.8 TWh

2010 overall RES share of gross consumption

12.2%

148 TWh

Historical fuels for heating

Nuclear electricity, imported oil

Main RES policy types

Legislation

Main RES-H growth markets from 1990

Solar thermal

Context
Spain historically has a limited renewable exploitation. Despite a good solar resource, the
solar thermal market was still fairly immature in 2000–2005, and uptake of biomass and
GSHP is low. Until 2008, RES-H measures were largely legislative instruments building on
the success of regional renewable ordinances.

RES policies implemented
Feed-in Tariff, 2008 – present
Electricity feed-in tariff for renewable sources. Tariffs are payable for new installations up
to a certain „cap‟, after which no new installation is eligible. Caps are calculated quarterly
based on demand.

Figure 58: Effect of PV tariff caps on the Spanish PV market
Initial uptake of PV was far higher than anticipated, with 2.5MW installed in 2008
(compared to 0.5MW in 2007). As a response, the cap was lowered for 2009, and only
0.5MW were installed in 2009 and 2010. This „boom and bust‟ effect had a severe effect
on consumer confidence, as well as causing a manufacturing surplus and the loss of jobs
140
in the sector.

139

Spain National Renewable Energy Action Plan, in accordance with Directive
2009/28/EC.
140
ExpoSolar 2010 – accessed at www.exposolar.org 18/02/2011.
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Regional Solar Ordinances, 2000 – present
Barcelona introduced legislation in 2000 requiring 60% of heat demand to be met by solar
thermal installations. Similar requirements were subsequently introduced in over fifty
Spanish municipalities.
By 2005, Barcelona had solar thermal installed capacity of 15kWth/1,000 inhabitants (20
times the 2000 level). An initial challenge was the reliability of installations: this was solved
by quality control measures and requiring Keymark certification. A skills shortage also
initially caused backlogs and extra costs.

Technical Building Code (CTE), 2006 – present
Building legislation including a requirement for 30–70% of DHW demand to be met by
solar thermal installations in new build. Quality assurance is required for installations to
qualify. The solar obligation is designed to contribute to a government target of 5 million
2
m solar collectors installed in 2010.

Introduction
of
the CTE in 2006

Figure 59: Effect of the CTE solar obligation on Spanish solar thermal sales

141

142

The CTE has very limited impact on public budgets (€168m in 2008/9 ) by making the
building owner carry the associated costs. While the Spanish solar thermal market doubled
between 2006 and 2008, the recent collapse of the Spanish building market has reduced
the policy impact, and the economic downturn in 2009 caused the market to contract by
143
10%.

Conclusions from policy experience


A regional solar thermal obligation for new and refurbished buildings in Barcelona
resulted in 2005 installed capacity of 15kWth/1000 inhabitants, twenty times the
installed capacity in 2000. A similar national building code implemented in 2006
doubled the national installed capacity by 2008 (575MWth installed in 2008/9), at a
cost of €168m for 2008 and 2009. A slowdown in the Spanish building market in
2009 caused the market to contract by 10%, as the ordinance was targeted at
new-build and refurbished buildings.

141

Solar thermal markets in Europe – trends and market statistics 2009, ESTIF (June
2010).
142
Interactive EurObserv'ER Database, http://www.eurobserv-er.org.
143
Solar thermal markets in Europe – Trends and market statistics 2009, ESTIF (June
2010).
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The need for policy continuity is illustrated by the effect of changes made to the
electricity feed-in tariff for PV in Spain. Over-subsiding of PV in 2008 led to far
higher uptake than expected (2.5GWe in 2008). A lower policy cap in 2009 and
2010 led to only 0.5GW being installed per year. This „boom and bust‟ effect has
damaged consumer and supply chain confidence, leading to a manufacturing
surplus and the loss of jobs in the sector.
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8.8.3 Austria
2010 RES-H/C share of gross consumption

144

30.5%

37.4 TWh

2010 overall RES share of gross consumption

30.9%

92.5 TWh

Historical fuels for heating

Biomass

Main RES policy types

Financial incentive, legislation, R&D, education

Main RES-H growth markets from 1990

Biomass, solar thermal

Context
Austria has historically offered a variety of incentives for residential renewable heating.
Natural gas and electricity are taxed, in part, to fund alternative energy programmes. Solar
programmes have been continuously funded throughout the last thirty years in some parts
of Austria. With forest coverage of over 40%, Austria is one of the most densely forested
countries in Europe, making solid biomass an important resource.

RES policies implemented
Klima:activ, 2004 – present
A national programme to promote RES and energy efficiency, including informational
campaigns, installer training and certification. Projects funded include Spar mit solar,
which targeted a stagnating solar thermal market with persistent informational campaigns
in the context of low technology awareness and an available capital grant aid scheme.
As an example, Spar mit solar helped to generate 30% year on year growth from 2004 to
2008 in the Steiermark area by promoting technology awareness and targeting decision
145
makers.
Supply-side barriers do not appear to have presented themselves as the
national solar thermal market was already adequately mature. The project cost was
relatively low, at around €300,000.

R&D and training schemes for biomass, 1980s – present
A very successful R&D programme in the 1980s and 1990s for woodchip boilers led to a
high-performance product that was attractive to the innovator and early adopter market.
This was augmented by a capital grant programme to encourage early adopters. The
retraining requirements were met by the biomass association, and an awareness
campaign targeted chimney sweeps with access to householders.
The long-term commitment to R&D has resulted in a product which can compete with the
incumbent without government support. Between 1980 and 2000, the efficiency of biomass
boilers increased from ~55% to ~90%. The provision of retraining and targeted awareness
campaigns have helped to reduce barriers to growth. While the use of biomass has
significantly increased over the past decade, there has been an underlying shift to reliance
on gas for heating, resulting in an increasing carbon intensity of the Austrian heat markets.

Upper Austria Energy Action Plan, 1993 – present
A comprehensive package of support mechanisms with well-defined targets aiming
particularly at small biomass and solar thermal. „Carrots‟, (financial incentives), „sticks‟
144

Austria National Renewable Energy Action Plan, in accordance with Directive
2009/28/EC.
145
“Best practises in the deployment of RE for heating and cooling in the residential
sector”, IEA RETD (June 2010).
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(solar obligations), and guidance (informational campaigns) were all utilised with a long
term perspective.
Upper Austria Energy
Action Plan

Biomass R&D

Figure 60: Biomass boiler installed capacity (MW) under the Upper Austria Energy
146
Action Plan
By 2008, steady market growth across all sectors in upper Austria had resulted in 660MW
147
of solar thermal and 1,800MW of biomass heating (13% of energy use). From 1994, the
share of RES-H in the Upper Austria region has risen from 25% to 40%. Strong political
support and excellent continuity of support mechanisms has led to a positive investment
climate. Crucially, heat pump and solar thermal markets saw continued growth through
2009, when all other European markets were in decline. Capital grants cost €14.1m in
2007 and €18.2m in 2008.

Conclusions from policy experience


Austria‟s projected RES-H share of 30.4% in 2010 is largely dependent on heat
from solid biomass. Such a large market share is possible because Austria has
forest coverage of 46%, making it one of the most densely forested countries in
Europe. This too is in contrast to the UK, where significant demand for solid
biomass fuel is likely to be met from international supply.



The success of comprehensive policy packages are seen in the „Upper Austria
Energy Action Plan‟, introduced in 1993, which was aimed at stimulating uptake of
small biomass boilers and solar thermal installations. From 1994 to 2010, RES-H
share in the region increased from 25% to 40%. The policy measures included:
o

Capital grants linked to equipment quality certification.

o

Energy efficiency requirements for eligibility for RES-H support.

o

Face-to-face energy advice programmes with domestic and commercial
building owners.

o

Informational campaigns to spread awareness of new technologies.

146

Regional report – the RES-H/C market in Upper Austria, O.O. Energiesparverband
(June 2009).
147
Regional report – the RES-H/C market in Upper Austria, O.O. Energiesparverband
(June 2009).
153

Achieving deployment of renewable heat
Final report


The benefits of a long-term commitment are seen in solar thermal financial
incentives in Austria. Financial incentives for solar thermal systems have been
offered since the late 1970s, resulting in a mature market and a positive
investment climate. It is significant that the Austrian solar thermal market did not
contract in 2009, unlike most other European countries, which indicates a very
stable market condition.



The Austrian „klima:activ‟ programme was implemented in 2004 to promote the
use of RES-H technologies in Austria. In the context of national financial and
legislative support mechanisms, the programme funded informational campaigns
and other promotional measures. At the time of implementation, renewable heat
markets were already growing considerably, with biomass and solar thermal
having achieved significant market penetration. Programmes such as ‘Spar mit
solar’, funded through „klima:activ‟, were successful in increasing regional uptake
of solar thermal by persistently targeting decision-makers with awareness
campaigns.



Two decades of R&D in Austria resulted in a new generation of biomass boilers
that was attractive to the consumer, with much higher performance than existing
installations. Efficiency in 2000 was near 90% (compared with 55% in 1980), with
near-zero CO emissions. While this timescale is much longer than is required for
technological advance in the UK, it is clear that technology performance can be
improved.
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8.8.4 Sweden
148

2010 RES-H/C share of gross consumption

2010 overall RES share of gross consumption

57%

95.8 TWh

43.3%

183 TWh

Historical fuels for heating

Direct electric heating, biomass

Main RES policy types

Legislation, financial incentives, R&D

Main RES-H growth markets from 1990

GSHP, ASHP

Context
Biomass is a traditional and increasingly important energy source in Sweden. Government
policies, especially CO2 taxation on fossil fuels first imposed in 1990, have strongly
contributed to this increase. There was an oversupply of electricity in the 1980s, leading to
very low electricity prices and a high proportion of direct electrical heating. Subsequent
increases in electricity prices mean that RES-H is competing against a costly incumbent.

RES policies implemented
Heat pump subsidy programme, 1984–89, 2006–07
A 1984 programme offered capital subsidies for heat pumps, but was abandoned in 1989.
In 2006, up to 30% of heat pump capital costs were offered as a capital subsidy, but the
funding for the scheme ran out in 2007.
When heat pump subsidies were abandoned in 1989, sales dropped to pre-subsidy levels
(30% of 1989 sales levels). When subsidy funding ran out in 2007, the market dropped by
23% but subsequently continued to rise, such that in the autumn of 2010, the millionth heat
149
pump was installed in Sweden. The market was sufficiently mature and electricity prices
sufficiently high that heat pumps could compete with the incumbent system without
subsidy.

Heat pump procurement competition, 1998
This five year government procurement programme for renewable electricity production
had a total budget of €11m. The challenge was to design a heat pump which was 30%
cheaper and 30% more effective than existing designs, and the procurement group
committed to buy 2,000 of the winning design.

148

Sweden National Renewable Energy Action Plan, in accordance with Directive
2009/28/EC.
149
Data from the Swedish Heat Pump Association, SVEP.
155

Achieving deployment of renewable heat
Final report

Subsidies abandoned in 2007

Heat pump procurement competition

Figure 61: Annual GSHP sales in Sweden following the 1998 procurement
competition
The winning designs were both GSHPs. The resultant increase in public awareness and
the technological advances provided heat pumps which could compete for market share
without subsidy. Market share has since increased to 30% in new buildings.

1984 Building Regulations, 1984 – present
In 1984, the new building regulations stipulated that the supply temperature of heating
150
systems should not exceed 55°C.
This is considerably lower than the 80°C supply
temperature of standard radiator systems.
All buildings built since 1984 are fundamentally more suited to heat pumps than buildings
with higher temperature heating systems. In addition, underfloor heating is much more
popular than it is the UK. These systems have much lower supply temperatures (35°C)
and heat pumps installed in these buildings deliver much higher COPs and lower heating
costs than systems installed onto standard radiators. While data are sparse, anecdotal
151
evidence suggests that Swedish GSHP installations achieve typical COPs from 3–6.

Conclusions from policy experience


Heat pumps occupy a significant share of the heating market in Sweden, with
152
70,000 ASHP sales in 2010. However, prior to a procurement competition in the
mid 1990s, there was no significant uptake, with uptake low and steady from
1986–1995. This indicates the need for market intervention to stimulate RES-H
markets.



Swedish building regulations implemented in 1984 mandated low-temperature
heating systems in new-build properties. As a result of these regulations, the
current Swedish building stock is well-suited to the installation of heat pumps,

150

Heat pump systems in Sweden – country report to the IEA Heat Pump Programme, IEA
(2003).
151
Swedish GSHP case study, GNS Science Report 2009/36, Lisa Lind (2009).
152
Data from the Swedish Heat Pump Association, SVEP.
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such that heat pumps can now compete against other primary heating systems
without support.

153



A Swedish national procurement competition in 1998 drove significant advances in
heat pump technology over five years, at a low programme cost of €11m.
Anecdotal evidence gives GSHP COPs of between 3 and 6 for recent installations,
153
indicating significantly better performance than in the UK.



The introduction of CO2 taxation on fossil fuels in Sweden in 1990 contributed to
high oil prices. This high cost makes heat pump installations and biomass boilers
much more economically attractive, leading to high and stable demand for these
technologies.



The 1984 building regulations in Sweden created a large national market for heat
pumps by ensuring a stable and growing building stock which was ideally suited to
heat pump technology.

For more details on European heat pump performance, see section 8.7.2.
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8.8.5 France
154

2010 RES-H/C share of gross consumption

2010 overall RES share of gross consumption

17%

129 TWh

11.4%

243 TWh

Historical fuels for heating

Imported oil and gas

Main RES policy types

Fiscal, R&D

Main RES-H growth markets from 1990

Solar thermal, ASHP

Context
France is heavily reliant on nuclear power for energy production and also relies on
imported oil and gas. The country has moderate access to solar and biomass resources
and good access to low‐temperature geothermal resources. The aim of French energy
policy is to limit the exposure of the economy to fluctuations in energy prices by developing
domestic production. Over the last two decades, France has relied primarily on financial
incentives and the use of regulations for RES-H.

RES policies implemented
Tax credit for renewable equipment, 2001 – present
Up to 40 or 50% of the equipment cost of domestic RES-H installations can be deducted
from payable tax (initially 15% in 2001). Commercial installations were also supported
2002–2005.

2

Figure 62: Annual solar thermal installations (m ) under the French Renewable Tax
155
Credit
The policy is considered to be successful, stimulating steady uptake over a long period,
developing the technology markets and increasing equipment quality. The increases in the
tax credit rate are seen directly in increasing sales in all sectors, with the previously

154

France National Renewable Energy Action Plan, in accordance with Directive
2009/28/EC.
155
Best practises in the deployment of RE for heating and cooling in the residential sector,
IEA RETD (June 2010).
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156

immature solar thermal market experiencing ten years of uninterrupted growth.
The
policy cost is relatively low, with approximately 70% of the subsidy cost being recuperated
in the VAT collected on purchases, and administrative costs are lower than a direct
subsidy programme. One initial difficulty was the existence of differing information sources,
leading to consumer confusion. Some installers took advantage of the tax credit by
inflating equipment costs, leading to market distortions.

Heat pump technology trials, 2002–2005
ASHP trials took place from 2002–2005 with the aim of raising awareness of ASHP
technology and proving the suitability and performance of the technology. EDF trial results
157
in 2004 indicated global COPs of around 3. In 2008, the renewable tax credit was linked
to COPs of greater than 3.3, indicating improved heat pump performance.
The heat pump market in France doubled in 2004 and tripled in 2005 – this is in the
context of the tax credits available for capital costs. Sales of heat pumps continued to grow
in subsequent years, especially ATW heat pumps, sales of which more than doubled to
158
133,000 in 2008
Sales of GSHPs also grew in 2008, but with a much lower market
159
share of 19,430. The ATW and GSHP market in France grew by 800% between 2004
160
and 2008.

Conclusions from policy experience


The implementation of the French Renewable Tax Credit in 2001 caused solar
thermal markets to expand, starting ten years of uninterrupted growth which saw
2
161
400,000m installed in 2008. Prior to 2001, the solar thermal market was much
2
smaller, with less than 30,000m installed per year from 1995 to 2000.



The French Renewable Tax Credit has been in place since 2001, and has
stimulated long-term growth in solar thermal and biomass markets, as well as
doubling the market for heat pumps for two successive years after their inclusion
in the programme. The policy cost is lower than a direct subsidy, as around 70%
of the subsidy cost is recuperated through VAT.



French ASHP technology trials were carried out between 2002 and 2005, prior to
the inclusion of heat pumps within the Renewable Tax Credit, and the subsequent
800% market growth between 2004 and 2008. In 2008, the required COP for
eligibility for the Renewable Tax Credit was raised to 3.3, which indicates
improved performance over 2004 levels.

156

Solar thermal markets in Europe – Trends and market statistics 2009, ESTIF (June
2010).
157
High temperature heat pumps in France, EDF R&D, Jean-Benoit Ritz, 2005.
158
Press article: Super Successful Heat Pumps – BSRIA, 24/11/09.
159
2009 Eur‟Observer Geothermal Barometer.
160
Heat Pump Outlook for 2009 – EHPA, 2009.
161
Solar thermal markets in Europe – Trends and market statistics 2009, ESTIF (June
2010).
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8.8.6 Biogas
European context
162

The biogas sector in Europe is currently growing (4.3% primary energy growth in 2009) ,
and expanding from its traditional role of waste clean-up and treatment into energy
production. Germany is by far the current market leader (4.2MToe equivalent primary
energy production in 2009), with the UK in second place producing 1.7MToe in 2009.
Markets in most other EU countries are currently at a low level of maturity.

Summary of European experience

Key
metrics
163
(2009)

Key
policies

UK

France

Germany

Austria

1.7 Mtoe
primary
production
85% landfill,
15% sewage

0.5 Mtoe primary
production
84% landfill, 15%
sewage/other

4.2 Mtoe primary
production
15%
landfill/sewage,
85% energy crop

0.2 Mtoe primary
production
45% on farm, 26%
sewage, 21%
landfill

Biogas call for
tender (1999)
Feed-in tariff
(2002)
Capital
investment
support (2009)

KfW premium
investment
support (1999)
EEG Feed-in tariff
(2000)
Improved
biomethane
injection legislation
(2008, 2010)

Regional feed-in
tariff (2001)
National
promotion
campaign (2004)
Improved
biomethane
injection
legislation (2006)
National feed-in
tariff (2009)

Non fossil-fuel
obligation
(1990–98)
Renewables
Obligation
(2002)
Feed-in tariff
(2010)

The UK and French biogas markets are broadly similar: both rely heavily on electricity
generation from landfill gas, and neither utilise any significant amount of biogas for heat
generation. Landfill gas is often the lowest cost biogas resource, and thus these markets
have grown without any targeted support. The biogas markets of Germany and Austria
differ from these in that both rely heavily on energy crops and have an emerging industry
utilising biogas for renewable heat.
Feed-in tariffs in Germany and Austria have supported electricity from biogas since 2000,
yet market growth in Germany has been much greater. In Germany, the industry has also
been supported by research programmes, tax exemptions and capital investment support.
The Klima:active promotion campaign in Austria was successful in driving 400% market
growth in 2004–2006, but economic losses, inadequate support for biogas injection and
under-utilisation of heat generated have caused the Austrian market to stagnate despite a
164
generous feed-in tariff.

Conclusions from international experience


The biogas market in Germany has grown significantly since 1996, with the
introduction of low-interest loans available to biogas plants. The EEG feed-in tariff

162

2009 Eur‟Observer Biogas Barometer.
2009 Eur‟Observer Biogas Barometer.
164
Austria 2009 Status report for IEA task 37, R Braun (2009).
163
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was introduced in 2000 and the CHP law in 2002, offering generous incentives for
electricity generated from biogas. Tax exemptions on biogas combustion and
further revisions to the EEG biogas tariffs have been complemented by a 2006
biogas research programme and improved feed-in conditions through the 2008
Gas Grid Ordinance. As a result, 49TWh of primary energy output in 2009 was
from biogas (largely energy crop) – by far the largest supply in Europe.


The cost of connection to the gas grid for biogas injection is a significant barrier to
uptake. In Germany, the distribution system operator is required to bear 75% of
this cost, and low-interest loans are available to cover the remaining cost, thus
removing this barrier. In Austria, however, no allowance is made for the DSO to
cover gas grid connection costs, resulting in an unattractive economic prospect
with very high capital costs, despite a generous feed-in tariff.



Biogas plants in Austria have struggled to maintain economic viability over recent
years. This is due in part to an inefficient utilisation of heat in the context of a
requirement for CHP plant to be used. This points to the need for research and
education into the utilisation of heat from biogas CHP for plants to be economically
viable.

161
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8.9 The impact of different biogas support schemes
With the introduction of the RHI, biogas plants of different scales may be eligible for
support under one of three mechanisms:


The Renewables Obligation – this is the primary support scheme for renewable
electricity generation in the UK and places an obligation on electricity suppliers to
source an increasing proportion of their electricity from renewable sources. ROCs
are “green certificates” issued to renewable electricity generators (one ROC per
MWh of eligible electricity produced) and can be traded (their value therefore
varies).



Feed-in tariff support – introduced in Great Britain in April 2010, the FiT provides
guaranteed incentive payments to sub-5MW e renewable electricity generators.



The Renewable Heat Incentive – the RHI is expected to support heat produced
from on-site combustion of biogas (up to 200kWth); and injection of biomethane
into the gas grid (at all capacities).

These different incentives have implications for the end-use of biogas plants, as biogas
producers will be eligible for different levels of support depending on the scale of the plant
and the choice to produce heat, electricity, or biomethane for injection to the grid. This
section illustrates the implications of the different support schemes available.
The results presented here are not intended to be a thorough quantitative analysis of the
economic case for biogas investments; rather they provide insight into the effects of the
different support schemes available.

8.9.1 Methodology165
Three biogas sources are considered:


Food waste anaerobic digestion, with 5MW biogas output capacity.



Sewage gas digestion, with 1MW biogas output capacity.



On-farm anaerobic digestion, with 100kW biogas output capacity.

For each plant, there is a counterfactual gas boiler installation assumed to meet a heat
load on site. The costs associated with this boiler are used to calculate the benefit of heatonly or CHP plants in offsetting the installation and operating costs of heating plant.
We consider each technology from the perspective of a site owner looking to install a
166
biogas plant in 2011, with four options available:


Heat only plant – direct combustion of biogas, replacing the counterfactual gas
boiler.



Power only plant – combustion of biogas in a gas engine to generate electricity for
export to the grid.

165

Note that a wider range of biogas plants is included in the modelling results presented
in section 5.2. A limited number of indicative plant types were selected for this section to
explore the implications of different support mechanisms.
166
In reality technical and market factors will limit this decision by eliminating one or more
choices. For the purpose of this analysis all options are considered.
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CHP plant – export of electricity to the grid, use of heat generated for local heat
loads, partially offsetting the counterfactual gas boiler.



Biomethane injection – upgrading of the biogas and subsequent injection to the
gas grid.

The economic case for each plant is evaluated on an NPV basis over a 20 year plant
167
lifetime. Details of the plant cost and performance assumptions behind this analysis are
provided in section 8.3.3.

8.9.2 Revenue streams
The revenue streams for biogas plants are represented in two categories:


Support mechanisms (RHI, FiT, ROCs).



Non-support revenues (e.g. offset gas costs, export value of electricity).

The revenue levels from support mechanisms are assumed to be available from 2011 to
2030 at the levels given in Table 41.
Table 41: Support mechanisms for biogas plants
Plant (MW
biogas)

ROC support
168
(£/MWh)

FiT support
(£/MWh)

RHI support (£/MWh)

5MW waste AD

£97.6/MWh for
electricity generated

Not eligible (>5MW)

£65/MWh for biogas
injected to the grid

1MW sewage
gas

N/A
(Assume FiT support
is preferred)

£90/MWh for
electricity generated

£65/MWh for biogas
injected to the grid

0.1MW on-farm

N/A
(Assume FiT support
is preferred)

£140/MWh for
electricity generated

£65/MWh for biogas
injected to the grid or
heat produced by direct
combustion or CHP

Non-support revenues are calculated on the basis given below in Table 42, based on gas
and electricity prices consistent with those used in the main study.
Table 42: Other revenues for biogas plants
Plant type

Revenue from exports

Saving from offset
imports

Heat only

None

Commercial price of gas
offset by heat generation

Power-only

Sale of electricity at wholesale price

None

CHP

Sale of electricity at wholesale price

Commercial price of gas
offset by heat generation

Biomethane
injection

Sale of biomethane at wholesale gas
price

None

167

Results below are presented in terms of internal rate of return (IRR), which is the
discount rate required to achive a net present value of zero.
168
ROC value calculated from the February 2011 six-month average price of £48.80,
accessed at www.e-roc.co.uk/trackrecord.htm.
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8.9.3 Results
Note that the costs and revenues associated with the installation and operation of
biogas plants are complex and variable. As this is a high-level comparison of
incentive schemes the figures presented here should not be taken as suitable
figures upon which to base an investment decision.

RO

5MW CHP plant offers the
best return on investment

FiT

RHI

None

For the 0.1MW plant heat-only operation
subsidised under RHI and CHP with FiT and
RHI support are both competitive options

1MW CHP plant (with FiT)
offers a better return on
investment than biogas
injection (with RHI)

5MW injection plant offers an
attractive alternative

CHP

Power only

Injection

RHI and FiT support
for sub 200kWth plant

RHI for on-site combustion up to 200kW only

5MW waste AD

Heat only

CHP

Power only

Injection

Heat only

CHP

Power only

0.1MW injection
plant is unattractive
due to high costs

Injection

40%
35%
30%
25%
20%
15%
10%
5%
0%
-5%
-10%

Comparison of biogas investments under various support
mechanisms

Heat only

IRR (%)

Allocating the capital cost of each plant to the first year of operation, the costs and
revenues in each year to 2030 have been considered for biogas plant installed in 2011.
The return on investment in each case is given in Figure 63 below.

1MW sewage gas

0.1MW on-farm AD

Figure 63: IRR for alternative biogas investments under the RO, FiT and RHI
The carbon emissions under each of these alternative uses of biogas were also calculated
to investigate the extent to which support schemes encourage the most carbon-efficient
use of biogas. Combined heat and power application offers the highest CO 2 saving in each
case. This is due to the high value (in CO2 terms) of the electricity generated and higher
overall efficiency (due to making use of the heat) compared to power only operation.
The following observations can be made from these results:


For larger-scale plants with access to a suitable heat load CHP operation
(subsidised under the RO or FiT) is likely to remain a relatively attractive economic
proposition. Using biogas for CHP also offers the greatest CO2 savings.



The main impact of the RHI is for sites where it is not feasible to use the heat
produced. For example, in the 5MW waste AD example RHI-supported injection
becomes a viable option. Similarly, in the 1MW sewage gas example, injection
becomes an economically-viable alternative to power-only operation.



For small installations, either heat-only or CHP operation could offer reasonable
returns, provided that the RHI is available for the heat produced.



Small installations need a heat load to make the use of biogas economically
viable. With no heat load, RHI and FiT levels may not be sufficient to make
biomethane injection or power generation financially attractive.
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8.10 Further modelling results
8.10.1 Sales under the baseline
Table 43: Renewable heat technology sales relative to total heating system sales for
selected years to 2030

% sales: Baseline: RHI to 2030

Domestic

2011

2015

2020

2030

ASHP ATW

0.6%

3.3%

11.2%

23.9%

GSHP

0.0%

0.0%

0.1%

0.3%

Biomass boiler

0.1%

0.1%

0.2%

0.1%

Solar thermal

0.0%

0.0%

0.3%

0.7%

TOTAL: domestic

0.7%

3.5%

11.7%

25.0%

ASHP ATA

10.6%

12.2%

13.0%

12.2%

GSHP

1.9%

2.6%

3.3%

3.2%
16.1%

Commercial Biomass boiler

Industrial

1.1%

6.4%

19.8%

Solar thermal

0.0%

0.0%

0.0%

0.0%

TOTAL: commercial

13.7%

21.1%

36.0%

31.6%

ASHP ATA

0.0%

0.0%

0.0%

0.0%

GSHP

0.4%

0.8%

2.5%

0.3%

Biomass boiler

1.7%

9.9%

33.5%

40.5%

Solar thermal

0.0%

0.0%

0.0%

0.0%

TOTAL: industrial

2.2%

10.7%

35.9%

40.8%

8.10.2 Subsidy support required
The subsidy cost associated with the RHI could be substantial. The graph below shows
the total RHI subsidies paid over time under the baseline.

RHI subsidy spend (£bn/yr)

7

RHI subsidy spend by sector in selected years - Baseline: RHI to 2030
(£ - undiscounted 2010 prices)

6
5
Industrial
Commercial
Domestic

4
3
2

1
0
2010

2015

2020

2025

2030

Year

Figure 64: Approximate subsidy spend under the RHI over time
Total annual RHI payments reach nearly £2bn by 2020 and over £6bn by 2030 (all in
undiscounted 2010 prices). These figures are put into context relative to RES-H delivered
and the number of installations in the following graphs.
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RHI subsidy spend relative to RES-H delivered in 2020 and 2030
(undiscounted)

Normalised RHI
subsidy spend (£/MWh)

70

60
50
40
30
20
10
0

2020

2030

Domestic

Commercial

Industrial

TOTAL

Figure 65: RHI spend relative to RES-H delivered in 2020 and 2030
The different levels of RHI spend on a £/MWh basis between sectors reflect the support
levels for the technologies preferred. For example, the majority of RHI payments in the
domestic sector are to ASHPs, for which the RHI levels start at £75/MWh for installations
169
in 2011, falling to around £51/MWh for installations in 2030.
In contrast, most of the
renewable heat delivered in the non-domestic sector comes from biomass boilers, which
are supported at rather lower levels (see section 8.3.5).

Normalised RHI
subsidy spend (£/installation)

30,000

RHI subsidy spend per renewable heat technology installation
(undiscounted)
25,530

24,950

25,000
20,000

15,000
12,280

11,260

10,000

5,000
1,650

790

1,210

660

0
2020
Domestic

2030
Commercial

Industrial

TOTAL

Figure 66: RHI spend per installation in 2020 and 2030
This figure shows average annual subsidy spends per renewable heat technology
installation (across all technologies) by sector. The smaller reduction between 2020 and
2030 in the industrial sector arises from the assumption that biomass boiler costs remain
constant through time (and most of the RHI payments support biomass in this sector).

169

The baseline assumption is that RHI levels are degressed in line with projected
technology cost reductions.
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8.10.3 Heat and ARR under each scenario
Table 44: Heat and ARR from all technologies excluding biogas, DH and CHP
(TWh/yr) – financial support barriers
Scenario

2020

2030

Heat

ARR

Heat

ARR

Baseline: RHI to 2030

47.6

47.4

151.8

150.4

RHI to 2020

47.6

47.4

53.3

50.4

No RHI

10.7

8.4

24.1

19.5

RHI_75%

38.4

40.1

96.7

99.5

RHI_50%

24.9

27.0

45.8

46.3

RHI from 2012

39.4

38.9

148.0

145.8

RHI from 2013

31.7

30.9

141.2

138.4

Dom. RHI from 2012

44.8

45.5

151.6

150.4

No domestic RHI

35.2

38.8

96.3

110.9

Table 45: Heat and ARR from all technologies excluding biogas, DH and CHP
(TWh/yr) – growth barriers
Scenario

2020

2030

Heat

ARR

Heat

ARR

Growth: High

58.7

60.1

160.0

160.1

Growth: Low

31.3

30.3

113.8

113.9

Growth: Low Low

23.9

22.5

66.1

65.9

Table 46: Heat and ARR from all technologies excluding biogas, DH and CHP
(TWh/yr) – technology cost and performance barriers
Scenario

2020

2030

Heat

ARR

Heat

ARR

No COP improvements

43.5

43.9

114.6

122.0

Lower initial COPs (-0.5)

43.3

43.4

127.5

131.4

High COP improvements (+1.5)

47.9

47.9

170.2

165.8

Lower initial COPs (-0.5) & no improvement

38.8

40.2

99.5

111.8

Cost reductions through time reduced by 1/3

43.0

44.1

115.5

124.9

Cost reductions through time reduced by 2/3

40.5

42.5

104.1

117.0

No cost reductions through time

38.5

41.1

98.1

112.8
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Table 47: Heat and ARR from all technologies excluding biogas, DH and CHP
(TWh/yr) – awareness and confidence barriers
Scenario

2020

2030

Heat

ARR

Heat

ARR

Awareness: low barrier

46.8

46.8

151.7

150.4

Awareness: medium barrier

41.6

43.2

145.6

146.2

Awareness: high barrier

35.6

39.0

120.9

128.7

Confidence: added barrier

40.9

42.2

107.7

109.1

Confidence: reduced barrier

50.9

50.8

188.0

178.2

Owner-occupier tenure issue

43.8

44.8

124.8

131.4

100% private landlord

11.4

12.5

21.2

22.5

100% commercial public

65.8

64.2

267.3

256.4

All dom. private landlords

35.1

38.8

96.1

110.8

All dom. social landlords

60.0

61.2

213.5

204.3

Table 48: Heat and ARR from all technologies excluding biogas, DH and CHP
(TWh/yr) – suitability barriers
Scenario

2020

2030

Heat

ARR

Heat

ARR

High suitability

52.2

53.0

183.8

187.4

Low suitability

39.8

40.0

107.4

108.5

Rural BM only

47.0

42.7

124.5

110.1

Resi. HPs in new build only

36.0

39.8

97.4

112.5

No urban HPs

45.1

45.6

145.8

146.6

Micro gas CHP

39.0

41.6

112.1

122.3
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Table 49: Heat and ARR from all technologies excluding biogas, DH and CHP
(TWh/yr) – fuel price sensitivities
Scenario

2020

2030

Heat

ARR

Heat

ARR

High BM price

44.4

43.6

123.1

115.3

Low ff prices

34.6

34.6

76.3

74.5

Low ff prices & high BM prices

24.4

21.8

51.2

42.8

High ff prices

49.2

48.0

193.0

185.3

High ff & high BM prices

51.9

50.7

184.7

172.8

High high oil prices

50.5

49.7

176.7

170.8

Low biomass prices

47.7

47.3

154.5

154.2

IAG elec. prices (central)

47.6

47.4

149.6

148.9

IAG elec. prices (low)

50.1

49.1

185.6

173.1

IAG elec. prices (high)

45.0

45.5

131.9

136.9

IAG elec. prices (high high)

42.2

43.6

119.1

128.0

Table 50: Heat and ARR from all technologies excluding biogas, DH and CHP
(TWh/yr) – hassle barriers
Scenario

2020

2030

Heat

ARR

Heat

ARR

HP hassle costs

41.4

43.2

114.5

124.2

BM boiler hassle costs

46.8

46.7

142.7

139.3

HP & BM boiler hassle costs

40.6

42.5

105.3

113.0

Table 51: Heat and ARR from all technologies excluding biogas, DH and CHP
(TWh/yr) – best and worst case scenarios
Scenario

2020

2030

Heat

ARR

Heat

ARR

Best case: High growth

103.8

105.9

344.5

331.7

Best case: Central growth

64.1

65.5

264.4

262.3

Worst case: Low growth

10.4

10.1

16.4

14.7

Worst case: Low Low growth

9.5

9.2

14.0

12.8
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Table 52: Heat and ARR from all technologies excluding biogas, DH and CHP
(TWh/yr) – alternative RHI degression scenarios
Scenario

2020

2030

Heat

ARR

Heat

ARR

No RHI degression

49.0

48.4

189.5

177.4

Degression based on LCOE with varying fuel
prices

48.1

47.8

179.3

170.0

High degression

43.0

44.2

114.9

124.6

Table 53: Heat and ARR from all technologies excluding biogas, DH and CHP
(TWh/yr) – achieving 2020 RES-H ambition scenarios
Scenario

2020

2030

Heat

ARR

Heat

ARR

No time costs

61.3

62.0

182.8

176.4

High oil price

63.0

63.6

183.7

179.1

High suitability

69.6

73.4

202.9

208.2

Higher WTP (non-domestic)

61.9

63.3

176.1

176.5

Table 54: Heat and ARR from all technologies excluding biogas, DH and CHP
(TWh/yr) – achieving 2030 RES-H ambition scenarios
Scenario

2020

2030

Heat

ARR

Heat

ARR

High ff prices

71.9

72.1

222.7

213.6

High high oil, off-peak electricity

66.8

66.7

212.1

200.8

High high oil, reduced GSHP costs

74.4

72.1

215.8

203.1

Increased confidence

67.5

67.1

223.8

206.9

High suitability

74.8

77.4

227.4

228.8
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8.10.4 Levelised cost of energy calculations
Levelised cost of energy (£/MWh) is defined as net annual cost of generating plant (£/yr)
divided by energy produced (MWh/yr). The annual cost of generation includes annualised
capital cost, opex costs, fuel costs, and RHI payments (where applicable).
LCOE values in 2011 are given in the table below for a selection of consumer types.
Please note:


Values are based on 2011 cost data.



Capital costs are annualised over a 15 year period at an interest rate of 8%.

Domestic, House,
SubUrban, New build

Domestic, House,
SubUrban, Other

Domestic, House,
SubUrban, SWI

Domestic, House,
SubUrban, Other

Commercial / Public,
Small private

Commercial / Public,
Small private

Industrial, Large,
space

Table 55: Levelised cost of energy by technology for a selection of consumer types

Natural
gas

Natural
gas

Natural
gas

Electric
ity

Natural
gas

Electric
ity

Natural
gas

Gas boiler

104.8

76.7

67.8

N/A

47.4

N/A

37.2

Electric
heating

N/A

N/A

N/A

116.6

N/A

118.4

N/A

ASHP

165.0

125.6

109.0

138.2

62.8

62.8

51.4

GSHP

186.0

171.9

127.8

192.1

97.1

95.8

76.2

Biomass
boiler

236.7

182.7

153.3

202.0

104.9

104.9

70.6

Solar
thermal

266.0

266.0

266.0

266.0

250.9

250.9

250.9

Gas boiler

104.8

76.7

67.8

N/A

47.4

N/A

37.2

Electric
heating

N/A

N/A

N/A

116.6

N/A

118.4

N/A

ASHP

90.0

50.6

34.0

63.2

62.8

62.8

51.4

GSHP

116.0

101.9

57.8

122.1

67.1

65.8

46.2

Biomass
boiler

146.7

92.7

63.3

112.0

43.2

43.2

30.6

Solar
thermal

86.0

86.0

86.0

86.0

165.9

165.9

165.9

LCOE with RHI (£/MWh)

LCOE with no RHI (£/MWh)

CF fuel

The following graphs show the breakdown of LCOE by element for the consumer types
presented above („LCOE with RHI‟ values only). These show the relative magnitude of
capital cost, opex, and fuel costs in determining the overall LCOE for different consumer
types.
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Normalised cost (£/MWh)

Breakdown of levelised cost
(Domestic, House, SubUrban, New build)
300
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0
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-200
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Gas boiler

Capex

ASHP

Opex

GSHP

Fuel

Biomass
boiler

RHI

Solar thermal

Total LCOE

Figure 67: LCOE by technology in a sub-urban new build house

Normalised cost (£/MWh)

Breakdown of levelised cost
(Domestic, House, SubUrban, Other)
300
250
200
150
100
50
0
-50
-100
-150
-200
-250
Gas boiler

Capex

ASHP

Opex

GSHP

Fuel

Biomass
boiler

RHI
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Figure 68: LCOE by technology in an existing sub-urban house
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Normalised cost (£/MWh)

Breakdown of levelised cost
(Domestic, House, SubUrban, SWI)
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Figure 69: LCOE by technology in an existing sub-urban solid wall house

Normalised cost (£/MWh)

Breakdown of levelised cost
(Domestic, House, SubUrban, Other)
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Total LCOE

Figure 70: LCOE by technology in an existing house off the gas grid
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Normalised cost (£/MWh)

Breakdown of levelised cost
(Commercial / Public, Small private)
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Figure 71: LCOE by technology in an on-gas commercial property
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Figure 72: LCOE by technology in an off-gas commercial property
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Normalised cost (£/MWh)

Breakdown of levelised cost
(Industrial, Large, space)
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Figure 73: LCOE by technology in an on-gas industrial property
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