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This study forms part of the efforts to understand
long term emission reduction requirements in the UK
The study was commissioned in the context of the CCC’s international aviation and
shipping review. Given the limited scope for abatement in IA&S, an overall target of 80%
greenhouse gas emission reduction by 2050 is likely to require deeper cuts in other
sectors.
The work considers the long-term future of low carbon heat in UK buildings (excluding
process heat in industry) to develop potential pathways to decarbonise heat supply.
The primary aims are to:
•

Revisit and extend existing analysis of potential uptake of renewable heat to 2030
(e.g. analysis by CCC for the Fourth Carbon Budget report based on the 2010 study
by NERA / AEA).

•

Develop longer term options for decarbonising heating and cooling in the UK.

•

Create scenarios for decarbonising heat to 2050 and consider the wider implications
in terms of costs and interactions with other sectors, notably power generation.
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This study’s methodology differs from previous
work and is based on a scenario approach
Previous analyses of the uptake of renewable heat (RH) for the CCC were
based on deployment / uptake model approaches (e.g. Analysis of low
carbon heat to 2030 (NERA / AEA), Achieving deployment of renewable
heat (Element Energy / NERA)).
Given the period of interest (2030–2050), it was decided that an uptake model
methodology would not be appropriate. Instead, a scenario approach is employed. This
involves:
• Taking a 2030 starting point (in terms of RH uptake) from previous CCC analysis.
• Defining the proportion of the technical potential for renewable heat reached by 2050.
• Extrapolating between 2030 and 2050 to understand the implications of various
scenarios relative to a baseline. Exploring a range of scenarios allows us to develop a
robust view of potential low carbon heat futures.
The scenario approach is designed to help derive and understand the implications of
a range of illustrative renewable heat futures. A model has been developed to record
the baseline and scenarios and calculate metrics of interest (emissions, resource cost,
cost of carbon saving etc.). Note that this is not an uptake model – the heat supply mix
is one of the user-defined inputs.
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The model captures all the input assumptions
required and calculates outputs of interest
Energy efficiency consists of a package of
measures. Element Energy’s comprehensive
Housing Energy Model is used to calculate the
impact of energy saving measures in the
domestic sector.

Energy
efficiency
uptake

Other
assumptions
(tech. cost &
performance, fuel
prices, fuel carbon
intensity etc.)

Technology
uptake

Model core

Outputs: fossil fuel demand
reduction, CO2 savings,
resource cost etc.

Heat mix in
2030

RH ambition

Other
constraints

Technical
suitability

Other constraints represent other factors that
could restrict the maximum feasible uptake
(e.g. biomass supply, electricity grid
constraints, maximum annual sales, turnover
rate etc.).

Representation of the
UK’s building stock
(2030–2050)
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Part B of the project involved assessing the
technical potential of key technologies
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Part B: Develop Decarbonisation options for Heat
and Cooling
•“Develop longer term decarbonisation options for heat and cooling, such as district
heating and direct electric heating for remaining hard-to-treat demand segments, and
assess their technical characteristics and potential”

•

Split into five core tasks:

•B1a

Literature review of long term heat plans in other countries

•B1b

Literature review of more exotic and innovative methods for abatement in
buildings

•B2

Detailed development of technical and economic characterisation of district
heating technologies and infrastructure

•Plus
Detailed development of technical and economic characterisation of electric heating
technology and infrastructure
Assessment of technical potential of each option for heating
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Task B1a - Review of district heating in other
countries
The Ecoheat4EU project categorises the market of each Member State as either;
mature, expanding, or newly developing.
UK is newly developing, as is Ireland and Spain.
Finland and Sweden are mature.
Germany and France are expanding.
Mature markets are preoccupied with market retention in the face of competition from
heat pumps.
Denmark is a hugely innovative market but has been excluded from this study.
Nevertheless that is where most technical performance data has come from.
Other “newly developing” markets have very little activity to report on.
Most to learn comes from the “expanding” countries with similar climate and
population – Germany and France.
Both have a published road map as part of Ecoheat4EU.
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Current and future deployment

District heating in the EU
Member States

Plans for DH in UK, Germany and France
2007

2030

Annual DH
Heat Supplied
[PJ]

Proportion Supplied
from Renewables
[%]

Annual DH
Heat Supplied
[PJ]

Proportion Supplied
from Renewables
[%]

Germany

490

6%

1,013

45%

France

94

23%

453

57%

UK

51

2%

351

36%

Reference: ECOHEAT4 project –Country Road Map, www.ECOHEAT4.EU
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Top three support measures for maximum impact
(from Ecoheat4EU)

1

Heat planning and/or
zoning

Strategic energy planning, probably and municipality
level. May include encouraging or even enforcing
particular energy solutions (zoning).

2

Investment grant for
DH distribution

Financial support for district heating pipe through
provision of grant, probably from government, but
other sources also possible.

3

National energy policy

The framework within which relevant legislation,
possibly including measures on this list, may be
framed.

•

Revenue support is further down the list, as is investment in generation
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Germany

Key Message: DH enables CHP and Renewables to deliver improved primary energy efficiency

•

•

•

•

DH connected load is approximately
57,000 MW thermal and 100,000
kilometres.
Current market share is 14% expected
to rise to 18–22% by 2020 as a result
of policies.
DH delivers increased efficiency for
fossil fuel and efficient load matching
for renewables therefore;
District heating growth will be a
consequence of an increased use of
CHP and RE to improve national
primary energy efficiency - not vice
versa.

DH Heat Split by Sector
Private Homes

18%
46%

Public Buildings,
Commercial and Trade

36%
Industry
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German incentives
A good example of a workable policy framework

Some issues but DH industry generally satisfied.
DH networks grant aided if they have 60% of heat from Cogen.
Guaranteed access for CHP and renewables and premium price for electricity.
Additional support for biomass, biogas and other renewables.
Compulsory heat linking planning.
Minimum renewable energy standards for new buildings can be fulfilled by DH.
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France
Some moves on policy but little in way of results seen at this time

French energy and environmental issues are governed by the two Grenelle laws
(2010). These are wide ranging laws. Grenelle mandates a 23% share of renewable
energy by 2020.
As yet little has appeared as concrete measures from Grenelle and support
measures are very much less developed than Germany.

414 district heating systems (DHS) and 13 district cooling systems.
DH currently represents only 5% or so of the heat delivered in France.
National policy has now acknowledged that DH will be decisive in developing
renewable and recovered energy (R&RE).
By 2020, DH in France is due to reach an average of 50% of R&RE sources in their
fuel mix (vs. 29% in 2008); they will also have to double (or triple) the householdequivalents that benefit from the heat they produce (2 millions household-equivalents
and 3,200 km of network in 2008).
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Task B1b - Literature review of Innovative
Approaches
DH technology as it is currently exploited is mature and much development is
concentrated on cutting costs to remain competitive.
New ideas and directions are aimed at maximising the benefits from the two most
important roles perceived for DH:
Managing and enabling the integration of intermittent renewables.
Maximising the benefit from harvesting dispersed waste heat sources,
particularly cogeneration.
Areas of innovation are set out in following two slides and include:
Low temperature distribution
New storage concepts (high and low temperature)
Seasonal heat storage
Network dynamic management

However none of these appear to be “game changers” that would significantly change
future practice.
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R&D – Networks
Technology

Description

Low
temp
distribution
systems

Mode
1;System
always
operates at below 50deg C
Mode 2; System operates at
high
temperature
during
heating season 50 deg C in
summer - consumer boosts
with solar or electric.
Gives lower standing and line
losses.

Advantages
for
Waste
heat
integration
Higher
electrical
efficiency in cogen.

Advantages for RE
integration

Challenges

Status

Reference

Solar integration is
easier.

Larger pipe sizes.

Trials

Finland

Widens scope of
waste heat sources
possible.

Seasonal stores are
easier.

Allows
low
temperature sources
to be collected on
end of circuit.

Cascade connected networks
give
progressively
lower
temperatures.

Controls
and
dynamic
management
of
networks
Tools for network
development
planning
and
zoning
Improved
installation
methods
and
materials

System temperature and flow
actively managed to maximise
energy storage in system and
smooth variations
Route optimisation techniques

Better trenching tools and
insulation

Heat pumps
more efficient.
Biomass
cycles are
efficient.

Less suited to older
buildings with higher
losses as in many
parts of UK.

Canada
solar
community

are

steam
more

Helps to cope with
intermittent loads

Generation and use
together
on
cascades.
Helps to cope with
intermittent loads

Helps
to
accommodate
greater number and
diversity of sources.
Not specifically

Helps
to
accommodate
greater number and
diversity of sources
Not specifically

Incremental
improvement

Demonstration

Incremental
improvement

Product
development

Incremental
improvement

Product
development

Danish
Board of DH

Logstor
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R&D – Thermal Storage
Technology

Description

Low temperature
seasonal
storage

Bore hole field or insulated
gravel/ water pit absorbs heat
from solar or HPs in summer.
Discharges during winter.

Low temperature
short
term
storage

Water
accumulators,
Salt
hydration cycle, or phase
change
material
absorb
mismatch between supply and
demand on hour to days time
frame.

Thermal
storage
essential
to
maximise
benefit
from
intermittent
supply opportunities.

Reversible chemical reaction,
heat transfer fluid stores
intermittent supply.

Intermittent
sources

Chemical system based on
absorption
or
reversible
chemical reactions stores heat
at high temperature during
summer released in winter.
Adsorption media, salt hydrate
or thermal oil charged at
remote
location
then
transported by road or rail to
DH network

Limited scope

Scope
limited to
concentrating solar

Difficult and remote
sources such as
steel and similar
operations can be
accessed.
Outlying
networks
can be supplied by
road

Difficult to see an
application with RE.

High
temperature
short
term
storage
High
temp
seasonal
storage

Heat
transport
by road or rail

Advantages
Waste
integration
Limited

for
heat

HT

Advantages for RE
integration

Challenges

Status

Reference

Can maximise solar
contribution. Can be
used with HP to
absorb
summer
electricity peaks.

Low cycle frequeny
gives poor capital use
efficiency and high
cost.

Demonstration

Danish
Board
DH

Thermal
storage
essential to integrate
intermittent RE and
to maximise load
factor.
Essential to access
revenue from load
balancing payments
under EMR
Solar chillers

Conventional
water
based
accumulators
very cost effective.

Product
development

of

New options difficult to
compete

Limited HT sources in
UK make investment
in innovation difficult to
justify beyond R & D
Little scope in UK

Research

Research

NREL (US)

Limited applicability in
UK due to lack of
sources.

Demonstration
s

SSAB
Lulea.
IEA annex
18
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Task B2a - Identification and characterisation of no /
low carbon heat supply sources
In this sub-task we identified and characterised the range of potential supply sources
that would be suitable for supporting a DH system.
DH Heat Supply options include:
Biomass Boilers
Biomass CHP
Extraction from Power Stations
Electric Heating

Direct Electric Boilers
•

Further data obtained from manufacturers

•

Common usage in DH for electrical network capacity and frequency
management in Western Denmark, which has high wind penetration

Large scale heat pumps
•

Data from Danish and Finnish practice

•

Potentially restricted to locations near sea or river water
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Organic DH Development Model
Cluster Network Development Model
Stage 1 – Initial Development

Stage 2 – DH Scheme Addition and
Expansion

Stage 3 – Regeneration

Key
Heat Load
Anchor Heat Load
Distribution Pipeline
Transmission Pipeline

Independent DH networks developed
based around key “anchor” loads (e.g.
social housing, hospitals, universities
etc.) and other loads in the vicinity. Each
scheme served by a single, small heat
source (e.g. biomass boilers or large e.g.
biomass CHP depending on the size of
scheme).

Heat Source (small)
New DH Schemes Established and
existing DH schemes expand to connect
additional loads that have become
economically viable.
Individual heat
sources grow in capacity to meet demand.
Adjacent networks grow closer together
forming DH clusters.

Adjacent DH schemes (clusters) are inter-connected
and connected to a large heat source which may
include surplus heat from power stations. This may
be carried over long distances using high capacity
“transmission” mains.
Some of the original heat sources will be near the
end of their lives making this transition more cost
effective and where this is not the case the original
DH heat sources can provide security of supply.

Heat Source (large)
Power Station or
other surplus heat

This is the way networks would naturally develop.
However this model may not deliver sufficient clustering of DH to facilitate cost effective power station connections by the
time the grid decarbonises and gas CHP ceases to be low carbon and biomass availability limits are reached. Therefore
Instead we have modelled a more radical approach of identifying the most cost effective combinations of DH clusters and
power stations and assuming networks are developed (without central plant) and connected to power stations from the
outset (effectively skipping stages 1 and 2). Meanwhile smaller DH schemes in areas excluded from power station
connection in this way (either being remote or urban but lacking sufficient power station capacity nearby) will develop
‘organically’ and be served by a combination of biomass boilers and water source heat pumps.
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DH Network Modelling Approach
District heating development was modelled by splitting the country into discrete
square kilometres and modelling each as a DH phase. We assume without planning,
these would develop ‘organically’ in approximate order of cost effectiveness.

Extensive use of heat demands calculated using the UK CHP development map.
240,000sqkm total UK area.
124,000sqkm with 2 or more heated buildings (therefore technically suitable for DH).
representing a wide spectrum of mixed building types, area densities (MWh/sqkm)
and linear densities (MWh/metre pipe). In UK terms this represents a high degree of
data resolution.

Each sqkm modelled to represent a DH scheme phase.
Total Heat demands and stock numbers known for different house types and non
domestic buildings.
Cost and technical data in squares aggregated to inform segmented Element Energy
Model.
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Key DHN Assumptions and Costing
DH networks mapped onto road networks in each 1x1km square (sqkm) and connect
every building.
Existing annual MWh demand, building stock numbers, sector breakdowns and street
lengths obtained for each sqkm of UK from data behind UK CHP Development map
together with Ordnance Survey data.
DHN Capex determined for each sqkm based on necessary pipe lengths and sizes,
heat exchanger/hydraulic board sizes and heat meter sizes to meet heat loads and
number and type of buildings.
Capex/MWh calculated for each sqkm and squares ordered from lowest to highest
Details of key technical and cost assumptions in Annex

21

‘Organic’ DH Penetration Order
Organic DH deployment would occur approximately in ascending order of Capex (in
£/MWh/yr) for each sqkm network.

Beyond 80% DH penetration, capital costs escalate significantly so this is an approximate upper limit on
DH penetration
However predicted constraints on biomass availability for heat and suitable sites for water source heat
pumps will limit their contribution to around 12% and viability of heat from current power stations as sited
is around 28% thus constraining low carbon DH potential to nearer 40%. Furthermore, this organic
development may not be optimal for power station heat linking so low carbon penetration is likely to
either be lower, say 20%, or achieved but at very high cost.
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Organic DH Development Map 1

Penetration bands (0-10%, 10-20% etc) scattered with most early development in various city and
town centres well before surrounding suburbs. Not optimal for power station linking.
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Organic DH Development Map 2

DH Penetration Range

% of UK heat demand starting with lowest cost £/MWh first
0-10%
10-20% 20-30% 30-40% 40-50% 50-60%

60-70%

70-80%

Highest DH suitability generally (but not always) in densely populated areas
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Organic DH Development Map 3

DH Penetration Range

% of UK heat demand starting with lowest cost £/MWh first
0-10%
10-20% 20-30% 30-40% 40-50% 50-60%

60-70%

70-80%

High DH suitability exists in some rural areas, lending
themselves to small-scale DH
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‘Organic’ DH Penetration

Majority of UK heat demand with DH potential is urban/suburban (as expected).
Majority of early DH penetration is non-domestic.
Final 10% of penetration can only be connected at prohibitive expense, a significant
proportion of which would be for rural schemes despite insignificant demand.
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Power Station Heat Availability
Current Capacity of thermal power stations is around 71GWe, generating around 400TWhe/Yr (Load Factor 65%)
from which 75GW th or 430TWh/Yr of heat could theoretically be extracted. However if extracted, power output
would drops to 62GWe so additional capacity would be required. An increase to 81GWe fully condensing power
capacity would enable 87GWt of heat to be extracted whilst 71GWe is generated.
Peak UK heat demand = 216GWt and annual demand = 402TWh/Yr (Load factor = 21%).
So current power stations could theoretically provide around 35% of UK’s current peak heat load and 100% of
annual load if sufficient seasonal thermal storage could be installed with perfect insulation. However, seasonal
storage is uncommon due to very high costs.
The Load Factor for thermal power generation is much higher than for heat demand, mainly because the seasonal
fluctuation in demand for heat is greater than for electricity. Daily mismatches between fluctuating heat demands
and power generation can be managed by thermal storage. Therefore if a thermal power station can meet an
individual DH scheme’s peak demand it can also meet it’s annual demand.
If the UK’s thermal power station capacity were to increase to around 180GWe by 2050 and be distributed in
proportion to heat demand, it could supply 80% of UK demand, the upper limit of DH suitability. Despite anticipated
growth in electricity demand from transport electrification, this extreme scenario seems unlikely to occur as the
demand for electricity for heating in the remaining 20% is unlikely to be much higher than current levels (assuming
a mixture of heat pumps and biomass) and wind power will generate an increasing share. However as requested
this scenario was modelled and serves as an exaggerated demonstration of the benefits of a linked up thinking
approach to DH and power station development in a likely future of simultaneous growth in individual heat pumps,
transport electrification and DH.
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Power Station Heat Methodology
‘Organic’ long term potential DH clusters investigated at a DH penetration of 80%.
Cost effectiveness of connecting each potential network cluster to the nearest power station with
sufficient thermal capacity to serve it’s load calculated.
Cumulative load on each power station tracked to avoid overestimating capacity.
Where nearest power station has sufficient capacity for a particular network but is fully deployed
elsewhere, no connection assumed (i.e. more distant power stations not investigated due to
complexity and unlikelihood of such distant connections)
59GWt (70% of heat available from current power stations with power loss make up) could be
supplied or 113TWh/Yr at an undiscounted cumulative connection cost of £68B (average £600
Undiscounted/Annual MWh or £28/MWh annualised over 40 years at a 3.5% Discount Rate).
30% of capacity is not deployed as in some areas power stations out-compete others on distance,
For example Drax, the UK’s largest power station, is underutilised. It does not supply it’s nearest
major conurbation, the greater Leeds area which is instead supplied by Ferrybridge and
Castleford stations as these are closer.
Penetration in many large cities such as London is low due to lack of large power stations
sufficiently close. Heat from nearest major power stations such as the Thames Estuary and
Didcot is exhausted more locally.
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Coordinated Power Station DH Penetration
Potential from existing stations

This shows the heat linking possibilities.
Limited penetration in large cities due to insufficient power station heat suitably located.
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Theoretical Maximum Power Station DH Scenario

Major increase compared to scenario with existing power stations, particularly in urban centres.
Delays in some less urban areas (orange/yellow replacing red/orange) compared to the scenario with
existing stations due to formerly non feasible urban areas taking precedence.
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Theoretical Maximum Power Station DH
Scenario without pipework shown

UK Power station capacity expands to 180GWe and is distributed in proportion to heat demand and is thus
able to serve 80% of UK heat demand.
Penetration bands clustered in contrast to the organic penetration scenario.
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Approx DH Technology Capital Costs per unit heat

Plant life is longer for DHN, Power Station connections and Thermal
Storage (40 years) than for Biomass Boilers and Heat Pumps (and 20
years) so relative annualised costs of former are lower than relative
undiscounted costs.
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Approx DH Technology Mix and costs for maximum
low carbon DH penetration

This approximation assumes current building heat demands and power generation capacity continue to 2050,
biomass for heat restricted to 50TWh/Yr and used exclusively in heat only boilers for DH and DH heat pumps
restricted to coastal areas.
Baseline 10% DH Penetration (40TWh/Yr) assumed in 2030 assumed to be replaced with low carbon technologies.
Estimated potential of 40% (160TWh/Yr) achievable by 2050.
Refined in Element Energy modelling accounting for changes in building thermal demands through energy efficiency
measures, stock growth and turnover and some biomass use in individual building boilers.
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Energy efficiency scenarios – overview
An important early task was to assess the potential for thermal demand reduction and to
develop baseline demands for the period 2030–2050.
Broadly speaking, the future thermal demands of the UK’s building stock will depend on:
1) Number of buildings in use – population and housing stock forecasts lead us to
assume the number of dwellings in the UK grows from c.26.5m in 2010 to c.38m in
2050 (a 43% increase) (with UK population of 77m by 2050). A concomitant growth in
non-domestic floor area is assumed.
2) Average demands per building – we have developed three energy efficiency
scenarios. In the domestic sector the scenarios are principally differentiated by the
level of solid wall insulation (SWI) uptake. Energy efficiency scenarios post 2030 for
non-domestic buildings are differentiated by assumed demolition rate (i.e. how rapidly
pre-2010 buildings are replaced by more efficient new buildings).
Further details of the energy efficiency scenarios are given on the following slides.
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A detailed housing energy model is used to assess
the impact of domestic energy efficiency scenarios
The energy efficiency scenarios for dwellings take a 2030 starting point from previous
CCC analysis, which shows little further potential for cavity wall and loft insulation beyond
the 2020s. The main differentiating factors are:
• Average target internal temperature (heating season) set to 18, 19 and 20°C for High,
Central and Low efficiency scenarios.
• Widespread uptake of additional temperature controls is assumed in the High
efficiency scenario.
• Differing levels of retrofit insulation measures, given in the table below (numbers of
installations for each measure are given in the annex).
Amount of 2005 technical potential
achieved by 2030

Amount of 2005 technical potential
achieved by 2050

Low

Central

High

Low

Central

High

SWI

7%

45%

74%

13%

83%

90%

Double
glazing

59%

59%

59%

59%

59%

90%

Draft
proofing

67%

67%

76%

67%

67%

90%

A mature domestic housing energy model was used to calculate savings from energy
efficiency uptake and thus future thermal demands of the housing stock.
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Energy efficiency scenarios in the non-domestic
sector are differentiated by demolition rate
Non-domestic buildings typically have lower lifetimes than dwellings, and the demolition
rate becomes an increasingly important assumption in projecting thermal demands to
2050. The energy efficiency scenarios post 2030 for non-domestic buildings are
differentiated by assumed demolition rate (i.e. how rapidly pre-2010 buildings are
replaced by more efficient new buildings).
Varying the demolition rate
between energy efficiency
scenarios leads to differing
age profiles of the nondomestic building stock.
In all cases an average
annual growth in total nondomestic building stock of
0.8% is assumed (based on
average increase in number
of dwellings over the
period).
We assume no improvement in existing buildings post 2030.
This is consistent with the view that the majority of the technical
potential for retrofit energy efficiency is filled by 2030.
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Resulting thermal demands in 2050 range from 416
to 532TWh/yr under the scenarios described above
With continued
population and
building stock
growth, achieving
reductions in overall
thermal demand will
be challenging, even
with highly efficient
new buildings and
high uptake of
energy efficiency
measures in the
existing stock.

•
•
•

Total thermal demands in 2050 are: 478, 416, and 532 TWh/yr in the Central, High
and Low efficiency scenarios.
I.e. Low efficiency gives an increase of 11% and High efficiency a decrease of 13%
relative to the Central case.
The potential for decarbonising heat through demand side measures in the long term
is limited, which suggests low carbon supply will be crucial.
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It is likely that more extreme measures will be
required if demand reduction is deemed essential
The energy efficiency scenarios outlined above suggest that:
•

With continued growth in the building stock to 2050, the potential for reductions in
overall thermal demand relative to today’s is limited.

•

Even stabilising demands at current levels will be a significant challenge in a future
with increased population and expanded building stock.

If there is an abundant supply of low carbon heat, little or no reduction in demand should
not pose too serious a threat to decarbonising the heat sector. However, if demand
reduction is desired / required, the results above suggest that more extreme measures
may be required. Examples of such measures are given below.
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Further demand reduction measures are possible in
theory but very challenging to deliver in practice
Measure to limit growth in /
reduce thermal demands

Notes

Implement higher levels of energy
efficiency in existing buildings –
e.g. widespread adoption of the
retrofit Passivhaus standard
(EnerPHit)

Very difficult to deliver (extreme refurbishment work
is highly disruptive), high cost of reaching such
high standards

Tighten thermal efficiency
standards for all new buildings

Limits on predicted demands for new builds are
being implemented via the Fabric Energy Efficiency
Standard (FEES, expected to become mandatory
for all new buildings from 2016) – practical and
cost-benefit implications must be considered in
setting levels (e.g. see work of Zero Carbon Hub)

Increase demolition rate of all
buildings (to replace old, thermally
inefficient buildings with highperforming new builds)

Politically sensitive (socially challenging), life-cycle
assessment of overall benefits required
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We have estimated how the composition of thermal
demands may change over time (domestic sector)
Thermal demands in the domestic sector comprise two main elements:
1) Space heating demands (SH) – energy required to maintain comfortable
temperatures.
2) Domestic hot water demands (DHW) – energy required to raise the
temperature of water (for showers, baths, hand washing, washing up etc.).
Heat delivery temperature has relatively limited impact on the efficiency of boilers, but is
an important determinant of the COP of heat pumps. While the temperature required for
space heating can be minimised (e.g. by using low temperature distribution), hot water
must be stored and distributed at 60oC or above to prevent the growth of legionella
bacteria (harmful to humans). The split of thermal demand between SH and DHW, and
how it might change over time, is therefore of interest.
We have estimated the proportion of total thermal demands due to hot water in the
domestic sector using the housing energy model (which is based on the SAP
methodology). The figures suggest that DHW demands currently account for around
28% of total thermal demands in the domestic sector.
The total DHW demand figure is presented and put in context on the following slide.
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DHW demands from the housing energy model
imply daily consumption of c.75 litres per person
In practice, it is difficult to determine thermal demands, and in particular the breakdown
between space and water heating, with a high degree of accuracy. We therefore calculate
the implication of this estimate of hot water demands.
Units

Value

Estimated current DHW
demand in the UK

TWh/yr

97

DHW demand per
person

kWh/yr

1,565

DHW demand per
person

Litres/day

75

Notes
From housing energy model (28% of total
thermal demands in the domestic sector)

Based on 62m people in the UK
Based on specific heat capacity of water
of 4.2kJ/kg.K and assuming “hot water”
involves raising the temperature by 50oC
(e.g. from 10oC to 60oC).

The average figure of 75 litres of hot water per person per day is given further context by
the average total water demand in homes of c.150 litres per person per day. Notes:
• A typical shower flow rate is around 7 litres per minute (power showers can be double
this).
• DHW is mixed at the point of use (to temperatures closer to 40oC to avoid scalding).
• In practice there are losses in the system, e.g. heat lost from hot water tanks, losses
from distribution pipes etc.
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With no change in per person demands, DHW could
be 40% of thermal demands in dwellings by 2050
Constant thermal demands per person
Based on the figures above, and the
Central case energy efficiency scenario
(which includes an assumption of 77m
people in the UK by 2050), DHW
demands increase from 28% (today) to
40% of thermal demands in the
domestic sector by 2050.

Constant ratio of SH:DHW demands
In an alternative future is also possible,
where total thermal demands in 2050 are
the same as above, but the ratio of SH to
DHW demands remains constant.
For this to come about a 30% reduction
in average hot water consumption per
person would be required (based on the
population growth previously mentioned).
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The ratio of space heating to water heating demands
has implications for the SPF of heat pumps
•

High thermal standards mean that water heating represents a larger part of thermal
demands in new buildings. Furthermore, policies are in place to increase the rollout of
energy efficiency measures in the UK to reduce space heating demands in existing
buildings.

•

Without taking measures to also reduce hot water use, demand for heating water is
likely to grow as a proportion of total thermal demands.

•

The ratio of SH to DHW demands is important in a future with high levels of heat
pump uptake as the overall efficiency (SPF) is highly sensitive to heat delivery
temperatures. For example, according to a fact sheet published by the GSHP
manufacturer Kensa, a COP of around 3.5 is possible at an outlet temperature of
45oC (low temperature heat distribution), but COP falls to nearer 2.0 at temperatures
of over 60oC (required for DHW) [1].

•

Developing high efficiency heat pump systems capable of meeting all of a building’s
thermal demands is a key area for further innovation.

[1] http://www.kensaheatpumps.com/Library/Fact-sheets/New%20Fact%20Sheets/FactSheetCOP_Variation_with_Temperature-01.pdf
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The trend of increasing combination boiler market
share could prove a barrier to heat pump uptake
•

Heat pump systems generally include a hot water tank (thermal storage). However,
the increasing prevalence of combination (combi) boilers in the domestic market has
led to a fall in the number of homes with a hot water tank. (Combi boilers provide
heating and hot water directly from the boiler, obviating the need for a hot water tank).

•

Combi boilers represented about three quarters of new boiler sales in the UK in 2010
[1]. Furthermore, data from the English House Condition Survey suggest that around
45% of dwellings in England have no hot water tank.

•

The lack of a hot water tank is potentially an issue for the suitability of heat pumps
and solar thermal systems. In many instances it will be technically feasible to install a
hot water tank (if there is not an existing tank), but this would lead to lost space within
the home. There is little data available on how consumers may respond to the
proposition of installing a hot water tank (e.g. at the expense of lost cupboard space).
This is an important issue to understand for the long term future of low carbon heat in
the UK and further research will be required in this area.

[1]: BSRIA data: http://www.rushlightevents.com/images/File/Inv%20Brief%20%208%20June%20Abdel%20Eljidi.pdf (slide 15).
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The baseline represents minimal further ambition
for renewable heat beyond 2030
•
•

•
•

•

Scenarios for low carbon heat supply are evaluated against a defined baseline.
The baseline and the scenarios take a 2030 starting point from the CCC Central
scenario (Fourth Budget work), which shows renewable heat meeting around 35% of
total thermal demands in 2030 (all sectors, including process heat).
Under the baseline the overall share of heat demand met by renewable heat is
maintained at approximately the same level to 2050.
This represents a future with minimal further ambition for renewable heat beyond 2030
and provides a useful starting point against which alternative scenarios are compared.
Note that the baseline is one potential future – it does not represent our view of the
future, but is required for the evaluation of scenarios.

Further inputs that define the baseline include:
• Thermal demand projections: based on Central case energy efficiency scenarios for
each sector.
• Fossil fuel prices: gas and heating oil costs from DECC (IAG) forecasts (2011). Central
case values (variable element) used in the baseline.
• Electricity prices: from CCC’s power sector modelling (core scenario).
• Biomass prices & carbon intensity: provided by the CCC.
• Fuel carbon intensity values: from IAG guidance for gas and oil; provided by the CCC
for electricity (consistent with the selected power sector scenario).
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There is minimal change to overall levels of RH
delivered over the period under the baseline

The baseline is
defined such
that overall
levels of RH
remain
constant from
2030 to 2050.

•

•

•

Total output from renewable heat across all sectors is around 217TWh/yr over the
period, corresponding to around 45% of total heat demands in buildings (excluding
process heat).
The baseline includes minimal further uptake of renewable district heating from 2030–
2050 (the c.40TWh/yr figure is the value assumed in the CCC High scenario from the
Fourth Budget report).
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Thermal demands met by technology and by sector in 2050 are given below.

The relative importance of each technology varies
by sector (as expected based on previous analysis)

Together,
gas and
oil-fired
heating
systems
meet
c.48% of
thermal
demand
in 2050.

•
•

Estimated thermal
demands in industry
excluding process
heat.

Fossil fuel heating systems continue to meet a significant portion of demands in each
sector under the baseline.
The majority of the renewable heat supplied comes from heat pumps (consistent with
the findings of previous work).
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Reference CO2 emissions come from a base year of
1990 and provide context to the calculated emissions
We calculate the CO2 emissions arising under the baseline (and under each scenario)
due to meeting thermal demands of buildings in the UK. Before considering the
magnitude of these emissions, we introduce the CO2 emission reference point, i.e.
emissions arising from energy use in buildings in 1990.
CO2 emissions from energy use in buildings and industry in 1990
Direct
(MtCO2)

Indirect
(MtCO2)

Total
(MtCO2)

Proportion of
indirect emissions
due to heating*

Total emissions
due to heating
(MtCO2)

Domestic

79.8

76.1

155.9

27%

100.1

Commercial / Public

25.6

58.3

83.9

14%

33.5

Industrial

106.4

76.5

182.9

2%

23.2

ALL SECTORS

211.8

210.9

422.7

NAEI data (2009), as reported in
CCC’s first progress report (2009).
* Indirect emissions include all electricity use. This factor is
required to estimate emissions arising due to heating only.

156.7

Estimated by
comparing outputs
of previous
analysis against
NAEI data.

Calculated from
data in columns to
the left.
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Emissions are dictated by quantity of fuel
consumed and carbon intensity of each fuel type
There is very little change in
emissions between 2030 and
2050 under the baseline.
Emissions due to consumption
of gas and oil dominate due to:
1) The high reliance of these
fuels.
2) Their relatively high carbon
intensity.
Note that the average emission
factor for electricity falls from
390 to 48.9gCO2/kWh between
2030 and 2050 under the core
power sector scenario (applied
in the Baseline).

Baseline emissions from heating in UK buildings (of around 52.5MtCO2/yr) represent a
66% reduction relative to 1990 emissions.
The scenarios that follow explore the options to further reduce emissions by 2050
through additional deployment of low carbon technologies.
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The scenarios are defined to represent alternative
pathways towards decarbonising heat supply
The scenarios for heat supply to UK buildings from 2030–2050 all include restricted
biomass use, broadly consistent with the CCC’s Bioenergy Review (December 2011).
The core scenarios explore the impact of exploiting the technical potential for renewable
or low carbon heat:
•

Policy extension – existing policies are assumed to continue to 2030 and beyond,
incentivising the uptake of mainly building-scale renewable heating options.

•

DH, constrained – represents an alternative future with strong support for
developing district heating networks. With restricted biomass fuel availability, the
majority of heat supply for these networks comes from thermal power stations and
the potential is constrained by the number of stations in existence and in reasonable
proximity to heat loads.

•

Electrification – scenario in which uptake of building-scale renewable heat is
restricted (to approximately half the level in the policy extension scenario); instead
thermal demands are switched to direct electric heating by 2050. DH uptake is as per
the baseline.
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Each scenario leads to a complete shift in the UK
heating market by 2050

Overall thermal
demands
dictated by
energy efficiency
scenario (Central
in the baseline,
High in these
scenarios).

These stretching scenarios see the near complete replacement of fossil fuel boilers with
low carbon alternatives by 2050. Power stations provide around 70% of the heat for DH,
with large biomass boilers providing 22% and the remaining heat from large scale heat
pumps.
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Deep emission cuts are possible given sufficient
switching and decarbonisation of grid electricity

All scenarios achieve
very high emission
reductions by 2050,
primarily due to switch to
low carbon supply.

Fuel carbon
intensity values
assumed (2050)
(gCO2/kWh):
Gas = 183
Oil = 246
Electricity = 49
Biomass = 50

A certain level of emissions will remain due to the existence of a significant thermal
demand in 2050 (and the fact that according to our assumptions, none of the fuels is zero
carbon by 2050).
55

Solid biomass and low carbon electricity dominate
the fuel mix in low carbon heat supply futures

Increase in total electricity
demand due to lower efficiency
of direct electric heating
(relative to heat pumps)

Note:
Electricity
(waste heat)
corresponds to
the reduced
generation as a
result of heat
extraction from
power stations.
This will be
generated by
additional grid
power capacity.

The significant reductions in total fuel demands for heating come about due to:
• Reduction in thermal demands in the scenarios (High energy efficiency).
• Replacement of fossil fuel boilers (c.90% efficient) with (mainly) heat pumps (c.3–4
times more efficient).
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Electricity demand for heating reaches c.100TWh/yr
in 2050 under the policy extension scenario

Details of how
peak electricity
demands due to
heating are
calculated are
provided in the
annex (Further
results section).

•
•

High electrification of heating via heat pumps leads to electricity demands of around
100TWh/yr in 2050, but this demand more than doubles in the electrification scenario.
Furthermore, the electrification of heating will lead to increased peak demands on the
grid, estimated at over 60GW under the policy extension scenario. This is a similar
figure to current total peak demands from all sectors, implying a significant increase
57
in generation capacity would be required under such a scenario.

Resource cost consists of heating system capital
costs, maintenance and fuel costs

Switching demands to electric heating is
likely to lead to a high increase in
resource costs due to high fuel costs.

Capital costs annualised
at 3.5%.
Costs of energy efficiency
measures not included.
Scenarios with high levels
of renewable heat / district
heating are characterised
by higher capital costs but
lower maintenance and
fuel costs relative to the
baseline.
Increased capex relative to
baseline (Elec. scenario)
is largely due to high
deployment of solar
thermal.

The increase in total resource cost relative to the baseline is low in the policy extension
and DH, constrained scenarios. Note that this relies on:
• Cost reductions of heat pumps relative to today’s levels (of 38%) by 2030 (constant
costs assumed from 2030 to 2050).
• Focusing rollout of DH in areas of highest heat density (and proximity to power
stations).
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The increase in resource cost and change in
emissions relative to the baseline set £/tCO2

With low increases in total resource cost
and (relatively) high emission reductions
relative to the baseline, these scenarios
show low cost carbon saving.

The relatively
high £/t figure for
the electrification
scenario results
from the large
increase in
resource cost
relative to the
baseline (see
previous slide).

When evaluated at the social discount rate (3.5%), the policy extension and DH,
constrained scenarios lead to low cost carbon savings. Note that these figures rely on
abundant availability of low carbon electricity (with emission intensity falling to
<50gCO2/kWh by 2050).
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The first sensitivity test involves relaxing the
constraint on heat from power plants serving DH
The amount of heat load met in the DH, constrained scenario is restricted based on
existing thermal power plants. We have also explored a future with no such restriction,
i.e. where thermal demands served by district heating are maximised (and the resulting
implications for the power sector are calculated). The results of this DH, unconstrained
scenario are given below, followed by the results of further sensitivity tests.
Around 70% of total 2050 thermal
demands are met by heat from
power plants under the DH,
unconstrained scenario (with all DH
relying on heat extraction from
power stations).

This is an extreme case and would
require:
• Around 180GWe of thermal
power plant to be available.
• Power plants in reasonable
proximity to heat loads (which
would involve increasing the
capacity of those in urban areas
and decreasing the capacity of
61
more remote sites).

The DH, unconstrained scenario is a theoretical
analysis of maximising DH from power plants
When considering the results above and those that follow, we should bear in mind
that the DH, unconstrained scenario is an extreme case, with no restriction on heat
available from power plants.
•

In practice this scenario could only result from very substantial increases in overall
UK electricity demands to necessitate the additional generation capacity required.

•

At the same time, one potentially large demand for electricity (the heat sector) would
be limited in an unrestricted DH scenario (as much of the heat load is met by heat
from power stations).

•

New loads such as electrification of transport are expected to lead to increases in
electricity demand. However, a significant increase in thermal power plant capacity
has not been a feature of, for example, the CCC’s power sector modelling to date.
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The DH-led scenarios could give very low
emissions given sufficient low carbon thermal plant
We compare the resulting emissions under the DH, unconstrained scenario against the
policy extension and DH, constrained scenarios below.

Very large reductions
in emissions depend
on the increase in
thermal plant not
impacting the carbon
intensity of generation,
which implies a need
for more nuclear
power and / or CCS.

Emissions arising due to the use of heat from power stations is calculated based on a Z
factor of 8 (i.e. 8 units of heat extracted for each unit of lost electricity production,
comparable with a heat pump COP of 8). The emissions impact is calculated as units of
lost electricity generation x average carbon intensity of grid electricity (taken from the
core power sector scenario (<50gCO2/kWh in 2050)).
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Using heat from power plants could be a cost
effective option given favourable siting
A reduction in resource cost is
seen relative to the baseline
under the DH-unconstrained
scenario. This is due to the very
low (assumed) opex and fuel
costs of waste heat from power
plants.

The capital costs of the DH networks required under the
DH, unconstrained scenario are based on an assumption of
favourable distribution of thermal power plants relative to
thermal demands. As noted above, this would involve
increasing the capacity of power stations in / near urban
areas.

Note that the additional cost
of building the new thermal
power stations required is
not included. In practice this
scenario would include
substantial increases in
electricity demands (to support
the additional generation
capacity required), and the
costs of new plant would be
expected to be passed on to
consumers via the electricity
prices charged.
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Selected variables are altered one-by-one to
explore the impact on key 2050 outputs
Input variable

Value in lead scenarios

Variation analysis value

Energy efficiency
(EE) scenario

High

Low

CO2 intensity of
grid electricity

390gCO2/kWh in 2030, falling
to 49gCO2/kWh in 2050

390gCO2/kWh
(constant over time)

Electricity price

13.3p/kWh in 2030 rising to
13.7p/kWh in 2050 (2010
prices, including 2.7p/kWh T&D
costs)

15.7p/kWh from 2030 to 2050
(based on IAG high forecast
(retaining 2.7p/kWh T&D
costs))

Discount rate

Social discount rate of 3.5%

Value of 7.5% used in
sensitivity test

Capital cost
reductions

38% reduction in heat pump
capital costs relative to today’s
values and 28–44% reduction
in solar thermal costs by 2030

No capital cost reductions (i.e.
RH technologies modelled at
today’s prices from 2030–2050)

Suitability for
renewable heat

Optimistic (“no overlap”)
assumption

More conservative assumptions
on the total technical potential
for renewable heat

The results that follow explore the impact of varying these factors for the policy
extension, DH, constrained and electrification scenarios.
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Impact of energy efficiency scenarios and grid CO2
intensity on emissions in 2050

These results suggest that:
• With abundant low carbon electricity available,
the low energy efficiency scenarios have
relatively limited impact on emissions. Note
that suitability for renewable heat is not linked
to energy efficiency in these results (due to
insufficient data to understand the impact). In
practice, energy efficiency rollout is expected to
be important in ensuring widespread suitability.
• Failure to decarbonise electricity supply is a
key risk to meeting emission reduction targets.
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We look at the impact of “high” electricity costs on
resource cost by scenario

Total resource cost relatively well insulated
from electricity price rises (compared to
high deployment of direct electric heating).

A 15% rise in 2050 electricity price (15.7p/kWh from 13.7p/kWh) leads to relatively low
increases in total resource cost in the policy extension and DH, constrained scenarios
(<5%). However, resources costs are far more sensitive to electricity costs in the
electrification scenario (and increase by 9% under the high electricity cost sensitivity).
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Higher discount rates lead to larger increases in
resource cost for more capex-intensive scenarios
Core runs, 3.5% discount rate

Sensitivity, 7.5% discount rate

The impact of higher discount rates on resource cost depends on
the magnitude of the capital costs and the period over which
investments are evaluated (i.e. technology lifetimes).

DR = discount rate (used in
annualising capital costs)

Total resource costs under the policy extension and DH, constrained scenarios are very
similar to baseline values when evaluated at the social discount rate (3.5%). However,
the higher contribution of capital costs to total resource costs mean that the total costs
of these scenarios are more sensitive to the discount rate selected.
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Annualised resource costs in 2050 increase by up to
25% if heat pump and solar thermal cost do not fall

+11%
+25%

+20%

The baseline and core policies include capital cost reductions of heat pumps and solar
thermal systems (in line with assumptions used in previous work). The results above
suggest that resource costs could increase significantly if these cost reductions do not
come about. Note that the impact is even greater if evaluated at a higher discount rate
(as opposed to the social rate of 3.5% used here).
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The suitability sensitivity analysis involves varying
the technical potential for renewable heat
As mentioned above, the lead scenarios include relatively optimistic assumptions relating
to the suitability of the UK’s building stock for renewable heat. Further details on the
suitability factors and how they are implemented in the model are provided in the annex.
In order to test the importance of these assumptions we have undertaken a sensitivity
analysis by varying one parameter that sets the technical potential for renewable heat (by
varying the suitability factors). The sensitivity scenarios are introduced in the table below.

Scenario
Core runs

Details
Optimistic suitability assumptions, the “no overlap” scenario – see
annex for definition.

Intermediate
suitability

Overall technical potential for renewable heat set to an intermediate
value between the “no overlap” and “perfect overlap” cases (see
annex).

Conservative
suitability

Less optimistic suitability assumptions, corresponding to the
“perfect overlap” case outlined above.

70

A lack of suitability for renewable heat is a risk to
decarbonising heat supply in the long term
The impacts of the suitability scenarios introduced on the previous slide on heat output
and CO2 emissions in 2050 are shown below.

Emissions rise in the absence of
an alternative low carbon heating
option taking up the demand not
suitable for building-scale
renewable heat.

•
•
•

The policy extension scenario includes optimistic suitability assumptions and heat
pumps dominate by 2050, with less than 4% of heat demands being served by fossil
fuel boilers.
However, fossil fuel boilers meet 34% of the total thermal demands in the policy
extension, conservative suitability scenario, which corresponds to more cautious
suitability assumptions.
Increased rollout of DH could help mitigate this suitability risk (see further results in
the annex).

71

Overview
•

Motivation & methodology

•

Literature review, innovative approaches and heat mapping

•

Heat demand to 2050 – energy efficiency scenarios

•

Heat supply to 2050: baseline

•

Scenarios for decarbonising heat supply to 2050 and results

•

Sensitivity analysis

•

Role of each low carbon technology option

•

Conclusions

•

Annex: key assumptions, further details of methodology

72

Role of each low carbon technology option
•

Heat pumps

•

Biomass boilers

•

Direct electric heating

•

Solar thermal

•

District heating
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Heat pumps will be a crucial technology in meeting
decarbonisation ambitions
Heat pumps are expected to be a key technology in decarbonising
heat supply in buildings. Experience from elsewhere in Europe
shows that heat pumps can gain significant market share in the
new build market, reaching 95% (Sweden), 87% (Switzerland),
36% (Austria) and 35% (Finland) for example [1]. However,
markets for heat pumps in retrofit applications are currently far
more restricted, a reflection of the fact that existing buildings are
less well suited to this technology.
•

•
•

•

While heat pumps are judged to be technically suitable for a large proportion of the
UK’s building stock, the efficiency (SPF) values that will be achieved in practice
in the retrofit market remain uncertain.
However, the laws of thermodynamics dictate that the performance of this
technology will be maximised when heat delivery temperatures are minimised.
This supports the case for improving the thermal efficiency of the existing building
stock (reducing both the peak thermal demands and average annual demand to
take advantage of lower heat supply temperatures).
The trend in the UK for a shift towards combination boilers (and therefore removing
the need for a hot water cylinder) could prove a barrier to widespread heat pump
uptake.

[1]: European heat pump action plan, EHPA (2006 data).
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We explore the impact of key determinants on the
cost effectiveness of carbon saving from heat pumps
As mentioned above, the efficiency values that heat pumps may achieve is a relatively
uncertain factor. Other important variables that impact the potential for (and costeffectiveness of) carbon saving from heat pumps include:
• Capital cost (relative to the counterfactual).
• Electricity price relative to the counterfactual fuel.
• Carbon intensity of grid electricity.
The analysis below considers the cost effectiveness of heat pumps by considering how the
cost of carbon saved varies with these key parameters. The £/tCO2 figure is calculated
according to:
• Cost = additional cost of heat pump system relative to a gas boiler, including annualised
capital costs, maintenance costs and fuel costs (£/yr).
• Carbon saving = reduction in CO2 emissions as a result of installing a heat pump
system relative to gas (tCO2/yr).
In the results below a negative £/tCO2 figure implies that the heat pump system provides
carbon and cost savings relative to a gas boiler.
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The assumptions for this analysis are as follows
Gas
boiler

Heat
pump

Notes

10

10

Typical value for a dwelling.

3,130

8,000

Figures represent current costs. However,
baseline modelling assumptions include a
38% cost reduction for heat pumps relative to
today’s levels by 2030 (equivalent to <£5,000
per installation) – a sensitivity we test below.

Opex (maintenance
costs) (£/yr)

190

40

Values from the model.

Lifetime (years)

15

20

Values from the model.

94%

250%

Values taken from the model. We also explore
the impact of higher SPF values.

40

Varied

The higher cost of electricity relative to gas is
an important factor.

Varied

A range of values is used to reflect the
uncertainty related to the extent of grid
decarbonisation.

Thermal demand
met (MWh/yr)

Total installed
capital cost (£)

Efficiency
Fuel price (£/MWh)

Fuel carbon
intensity (gCO2/kWh)

183
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Carbon intensity of electricity
(gCO2/kWh)

Reductions in grid carbon intensity will be essential
for heat pumps to contribute to decarbonisation

Cost of carbon saving for a typical dwelling (heat pump vs.
gas boiler) as a function of grid carbon intensity and
electricity price (relative to a gas price of £40/MWh) (£/tCO2)
450
350
250

At current grid CO2
values £/t numbers
are very high due to
low emission
savings (for an SPF
of 2.5)
Heat pump capex = £8,000
Discount rate = 3.5%
Heat pump SPF = 2.5

150
50
80

90

100

110

120

130

140

150

160

170

Electricity price (£/MWh)

These results show that at today’s prices heat pumps offer a cost-effective carbon
saving option relative to gas only at relatively low electricity prices and / or grid carbon
intensity.
The following slide shows the results of a sensitivity analysis that includes capital
cost, discount rate and seasonal performance factor (SPF).
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Cost of carbon saving of heat pumps relative to gas
boilers (£/tCO2) – impact of discount rate and SPF

3.5%

3.5%

7.5%

12%

Heat pump capex = £8,000

SPF

2.5

3.5

2.5

3.5

Carbon intensity of electricity (gCO2/kWh)

Discount
rate

Heat pump capex = £4,960

450

450

350

350

250
150
50

250
150
50
80

100

120

140

160

450

450

350

350

250
150
50

250
150
50
80

100
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140

160
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350
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150
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150
50
80

100
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140

160
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150
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80
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140
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Electricity price (£/MWh)
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100
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The effectiveness of heat pumps relies on cost
reduction and electricity decarbonisation
The results above highlight the sensitivity of cost effectiveness of carbon saving from heat
pumps to various factors. In particular, we find:
•

At current costs, with a typical commercial discount rate (12%), heat pumps remain a
relatively expensive option for reducing emissions. E.g. with an electricity price of
12p/kWh, the lowest cost saving is over £200/tCO2, even at a grid intensity of
50gCO2/kWh (lower left figure above).

•

When evaluated at a social discount rate (3.5%), heat pumps could provide lower cost
heat (and save carbon) relative to gas boilers if the capital cost reductions come about
and average SPF values of 3.5 (or above) are achieved.

•

These results demonstrate the need to maximise SPF values, achieve capital cost
reductions for heat pumps and decarbonise grid electricity to maximise the role of
heat pumps in decarbonising heat supply in UK buildings.
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Due to the space requirements, biomass boilers are
unlikely to be a mainstream heating option
•

Biomass boilers are available in a range of sizes, from the low tens
of kW (domestic / small commercial scale), up to MW scale units.

•

The space requirements (relatively large boiler size and need for
fuel storage) are likely to be a significant barrier to widespread
penetration in the retrofit domestic heating market.

•

Biomass boilers are able to deliver high grade heat and offer
significant carbon savings relative to fossil fuels today. This is in
contrast to heat pumps, which offer lower carbon savings today but
have the potential to reduce emissions further if electricity supply is
decarbonised in future.

Image source:
http://www.woodenergy.com/b
oilers/binder-boilers.aspx

•

Practical considerations (space, need for fuel delivery etc.) tend to favour larger scale
installations. Economies of scale are also available to some extent, and, given the
ongoing fuel costs, biomass boilers are most economic in off gas areas.

•

In the long term (towards 2050), the CCC’s Bioenergy Review suggests that
(sustainably sourced) solid biomass fuel supplies (for heating) will be limited. If this is
the case, biomass boilers will play a relatively limited role in a low carbon heat future.
However, the technology could provide significant emissions savings in the nearer term
81
and help meet shorter term emission reduction targets.

Role of each low carbon technology option
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•

Solar thermal

•

District heating
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Direct electric heating could offer carbon savings in
a future with decarbonised grid electricity
The modelling allows switching of any thermal demands not met by renewable heat to
direct electric heating. The direct electric heating systems represented are:
• Storage heaters (in buildings where electricity is the current counterfactual fuel).
Storage heaters take advantage of off-peak (night-time) electricity tariffs and slowly
release heat throughout the day.
• Electric boilers (for buildings currently on gas / oil (that have wet heating systems)).
Electric boilers are more responsive than storage heaters but will tend to require peak
electricity (to meet space heating needs), although examples exist of electric boilers
developed to operate on peak avoidance tariffs.
Other direct electric options include panel heaters, fan heaters, electric towel rails,
electric under-floor heating etc. Electric heating is a flexible option and we assume no
suitability restrictions to its deployment.
Direct electric heating is characterised by relatively low capital costs (e.g. compared to
heat pumps), but high running costs (due to relatively high cost fuel and limited maximum
efficiency). Direct electric heating is most likely to have a role in new build properties
with very low thermal demands (e.g. approaching Passivhaus standards – see below).
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We evaluate the role of direct electric heating (vs.
heat pumps) by considering the economics
Although direct electric heating has higher running costs than heat pumps, there are
circumstances in which this is a more cost effective solution. For example, in buildings
with low thermal demands the ongoing running cost savings may not be sufficient to
justify the additional capital cost of a heat pump (relative to direct electric heating).
We investigate this further by calculating the net annual benefit of running a heat pump
versus direct electric heating. The principal assumptions are summarised below.
Direct electric
Thermal demand met

Capital cost of a heat pump system relative to
direct electric heating (heat pump on cost)
Annual fuel cost

Heat pump

Varied (from 2–10MWh/yr) to reflect different levels
of energy efficiency / different dwelling sizes
Varied to illustrate a range of relative costs
Calculated based on thermal demands, average
annual efficiency (100% for direct electric, 250% for
heat pump) and an electricity price of 12.5p/kWh

Opex (maintenance costs) (£/yr)

0

40

Lifetime (years)

20

20

The graphic below illustrates under what range of thermal demands and capex multiplier
values the alternative options are favoured. Note that capital costs are annualised at a
3.5% discount rate.
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Direct electric heating could be more cost effective
than heat pumps in very efficient new buildings
On cost is
the extra
cost of
installing a
heat pump
relative to
direct
electric
heating

Heat pump on cost
(£/installation)

Increasing building thermal efficiency

Key: more cost
effective option

Direct electric

5,000

With sufficiently low costs, direct
electric heating proves more cost
effective than heat pumps in dwellings
with low thermal demands (e.g. very
efficient and / or smaller properties)

4,000

Heat pump

Increasing
heat pump
capital cost
relative to
direct electric
system

3,000

2,000

The size of the annual cost
saving for heat pumps increases
for increasing annual thermal
demands (and / or decreasing
cost differential)

1,000
2

4

Thermal demand of a
65m2 flat built to
Passivhaus standards

6

8
Thermal demand of a
150m2 house built to
Passivhaus standards

10

Dwelling heating
demand (MWh/yr)
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The case for (lower capex) direct electric heating
improves with increasing discount rate
Key: more cost effective option

Heat pump on cost
(£/installation)

Direct electric

Capital costs annualised at 3.5%

Capital costs annualised at 7.5%

5,000

5,000

4,000

4,000

3,000

3,000

2,000

2,000

1,000

1,000
2

4

Heat pump

6
8
10
Dwelling heating demand (MWh/yr)

2

4

6

8

10
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Role of each low carbon technology option
•

Heat pumps

•

Biomass boilers

•

Direct electric heating

•

Solar thermal

•

District heating
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Solar thermal is a supplementary rather than a
replacement heating technology
Solar thermal represents a different proposition from the other
renewable heating technologies under consideration, and is
characterised by being:
• Typically sized to meet a portion of buildings’ annual hot
water demands (in general some other form of heating is
required to satisfy all thermal demands).
• A discretionary purchase.
Here we consider the potential role of solar thermal in the mix of technologies to achieve
the long-term ambition of decarbonising heat supply. We start by analysing the costs of
energy delivered by a typical system, compared against costs of energy from a selection
of alternative options.
Costs are presented as levelised cost of energy (LCOE), defined as the net annual
cost of running the technology (£/yr) divided by the useful energy produced (MWh/yr).
Our assumptions for calculating LCOE values are set out on the following slide.
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Capex and opex assumptions in 2030 for comparing
LCOE values are taken from the model
This table summarises the main assumptions used to calculate levelised cost of energy
for alternative heating options in a typical dwelling.
ASHP
(2030)

Solar
thermal
(2030)

Gas boiler

Oil boiler

Electric
boiler

3,130

3,130

3,130

4,960

3,630

Opex (£/yr)

190

190

0

40

50

Annual output
(MWh/yr)

10

10

10

10

1.85

94%

80%

90%

250%

N/A

Fuel price
(£/MWh)

40

60

125

125

40

Technology
lifetime (years)

15

15

20

20

20

Capex
(£/installation)

Efficiency (useful
heat out: fuel in)

Capex values for
ASHPs and solar
thermal in 2030
include significant
cost reductions
relative to today’s
values. E.g.
typical total
installed costs for
ASHPs are nearer
£8,000 today, and
around £5,000 per
solar thermal
installation.

In the example below the capital costs are annualised over the technology lifetime using
a discount rate of 3.5%. A fuel cost saving is included for solar thermal. This is based on
an assumption that the heat produced is displacing heat that would otherwise have been
produced by a gas boiler.
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At current prices, the cost of energy from solar
thermal is high relative to alternative options
At current fuel prices (taken as 4p/kWh for gas, 5.5p/kWh for oil and 12.5p/kWh for
electricity) and solar thermal capital costs, energy from solar thermal is significantly more
expensive than other heating options on an LCOE basis.

2011 vs.
2030 results
for ASHP
and solar
thermal
show
impact of
capital cost
reductions.

LCOE of
heat from
gas boiler
Offset fuel
saving
(based on
gas price)

Future energy prices may increase. There may also be scope for reducing the capital
cost of solar thermal (e.g. capex is lower for new build installations, thus deploying solar
thermal mainly in this sector could reduce costs). On the following slide we consider how
the economics of solar thermal change as a function of gas price and installation cost.
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Significant cost reductions are required to improve
the economic case for solar thermal (relative to gas)
The diagram below expresses the LCOE of heat from a solar thermal
system relative to heat from a gas boiler for a range of gas prices and
solar thermal capital cost values.

Key: relative LCOE
of energy from
solar thermal
Higher LCOE

Gas price
(£/MWh)

Lower LCOE

60
55
50
LCOE for solar thermal
remains higher than LCOE
for gas in this region

45
40

Line representing
LCOE parity (heat
from gas boiler vs.
heat from solar
thermal)

35
30
0%

5%

10%

15%

20%

25%

30%

A combination of higher energy prices and reduced
capital costs are required for solar thermal to become a
cost-competitive mainstream renewable heating option.

35%

40%

Solar thermal capex reduction
(relative to current prices, taken as
£5,050 per domestic installation)
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Economic and technical suitability considerations
inform our view of the role of solar thermal
•
•

•

•

•

The economic analysis above suggests that solar thermal is unlikely to provide a
cost-effective carbon abatement route unless fossil fuel prices increase substantially.
However, solar thermal systems offer benefits that some consumers value highly:
– With zero fuel costs, the technology is effective in insulating consumers from
rising energy prices (if only partially).
– Roof-mounted systems are often highly visible which can be seen as a benefit to
consumers concerned with environmental issues.
Solar thermal is best suited to new build applications (as opposed to retrofit), where
capital costs are lower. Traditional wet heating systems may be redundant in new
dwellings built to very high thermal efficiency standards, and in such buildings direct
electric heating combined with solar thermal may provide a desirable solution to
meeting thermal demands.
In economic terms, retrofitting solar thermal makes little sense in a future where the
majority of buildings will be switched to low carbon heat sources (e.g. heat pumps or
biomass boilers). Solar thermal reduces buildings’ thermal demands and will
therefore lower the load factors of renewable heat installations. This in turn will tend
to increase the payback period of the main renewable heat installations.
The technical potential for solar thermal may be limited by not only area of suitably
orientated roof space, but also presence of a hot water tank. A significant proportion
of dwellings have installed combination boilers (which currently represent c.50% of
new boiler sales in the UK), systems which obviate the need for a hot water tank.

92

Role of each low carbon technology option
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•

Biomass boilers

•

Direct electric heating

•

Solar thermal

•

District heating
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Heat from power stations is likely to be the main
source of low carbon heat for district heating
In a future with restricted availability of biomass to meet heating demands, this study
finds that extracting heat from power stations will be the primary source of low carbon
heat for district heating. Note that the scenarios involving ‘waste’ heat from power
stations represent extracting heat from steam turbines (rather than low grade heat from
cooling towers (which is not suitable for feeding DH networks)).
We evaluate the potential (and costs) of heat from power stations under two scenarios:

1. Constrained power sector – total capacity of (and therefore heat available from)
power stations based on the existing generation mix.
2. Unconstrained power sector – considers how much (thermal) power generation
capacity would be required in a future where thermal demands served by district
heating are maximised. A DH limit of 80% of the technical potential is included in this
scenario (beyond which very steep cost increases are seen).
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Initial analysis provides an indication of the heat
available / power station capacity required
Results of the first estimation of heat available for DH from power stations are
summarised below.
UK power station
capacity
Scenario

GWe

GWth

Constrained
power sector

71.5

87

Unconstrained
power sector

178

172

•

•

Heat
available
and
accessible
to DH
(TWh/yr)

Estimated capital costs (£bn)
Transmis
sion

Interconn
ection

DH
networks

113

65

2.5

60

322

230

7.5

180

In the unconstrained power sector scenario the size of certain power stations would
need to be increased substantially (i.e. those in urban areas), while the capacity of
others (more remote) could be reduced.
Capital costs of networks are sensitive to the location of heat sources relative to
demands and overall level of ambition for DH.
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Conclusions: the role of district heating

•

Under the constrained power sector scenario, DH fed by heat from power stations
could meet up to around a quarter of 2050 thermal demands.

•

The unconstrained power sector scenario, with DH providing around three times as
much heat, implies that around 180GWe of power station capacity would be required.

•

The costs of using ‘waste’ heat from power stations to serve heat demands fall with
reducing distances between heat sources and heat demands. This suggests that
siting power stations in proximity to heat demands should be considered.

•

District heating rollout should be focussed in areas of highest heat density to offer a
cost-competitive solution compared to building-scale renewable heat. Such rollout
could provide some level of mitigation against failure to (sufficiently) decarbonise the
electricity grid.

•

There is no evidence that the barriers to district heating rollout will diminish in the long
term, i.e. achieving significant DH uptake is likely to require targeted policy support
and strong public sector leadership.
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Conclusions: heat demand from 2030 to 2050
•

With continued growth in the UK’s building stock to 2050, the potential for reductions
in overall thermal demand relative to today’s is limited. E.g. projected total UK heat
demands in 2050 range from 416TWh/yr (High efficiency scenario) to 532TWh/yr
(Low efficiency scenario).

•

Even stabilising demands at current levels will be a significant challenge in a future
with increasing population and building stock. This fact should not undermine demand
reduction efforts; on the contrary, energy efficiency rollout and other measures (such
as behaviour change) should continue to be promoted.

•

This implies that low carbon supply will be an essential element of meeting
emission reduction targets.

98

Conclusions: low carbon heat supply to 2050
•

The most robust low carbon heat supply pathways will involve a mix of technologies.
While a high reliance on electrification of heating is expected to be needed (together
with grid decarbonisation), district heating could have an important role in protecting
against:
1. The risk of failing to decarbonise electricity supply.
2. The uncertainty regarding suitability of the existing building stock for buildingscale renewable heating technologies.

•

The share of heat met by heat pumps versus direct electric heating in a highly
electrified heating future will be dictated by a variety of factors, including:
– Relative capital costs (of heat pumps vs. direct electric) and consumer attitudes
towards paying higher upfront costs in return for ongoing savings.
– Electricity prices (higher prices will tend to increase the case for additional
capital outlay for systems with higher efficiencies).
– Suitability for heat pumps, in particular space (and noise) constraints, grade of
heat required, system responsiveness. Suitability is inherently difficult to quantify
and remains a relatively uncertain factor.
It is not possible to assess the combined impact of these factors with any degree of
certainty over the period of interest. However, this study’s results demonstrate that
practically all heating systems will have to be replaced by low carbon systems in
order to achieve deep decarbonisation by 2050.
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Conclusions: the role of district heating in
decarbonising heat supply
•

District heating is likely to play a role in decarbonising heat supply in buildings in the
UK. Employing a mix of technologies offers a number of advantages and the results
above suggest that DH could be cost-competitive with building-scale renewable
heating technologies (when evaluated at a social discount rate) provided that
deployment is focused in regions of highest heat density.

•

The numerous barriers associated with district heating rollout (identified in previous
studies) will have to be overcome for its potential to be exploited, which could see up
to around a quarter of future heat demands being met by district heating.

•

In a biomass-constrained future the sources of low carbon heat supply for district
heating may be limited, and in the long term the majority of heat supply to DH is likely
to come from thermal power stations. For the most cost- and carbon-effective
outcome, DH network development should be focused in densely populated areas
that are also within reasonably close proximity to power stations.

•

Biomass-fed district heating is unlikely to feature widely in the heat supply mix in
2050 (based on the findings of the CCC’s Bioenergy Review). However, large scale
biomass boilers could be an important technology in the short to medium term to
facilitate the development of local DH networks, and eventually clusters that can
connect to power stations in the longer term.
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Conclusions: scenarios for low carbon heat supply
to 2050
•

The results above support an ambition for the UK’s heat sector at least in line with the
overall 80% cut in emissions by 2050, provided that the power sector is largely
decarbonised over the same period.

•

There exist a limited number of pathways to achieving ambitions at or beyond this
level. Features of all include:
– A near complete shift in the heating market beyond 2030, i.e. the growth in
market share of renewable heating technologies shown in previous CCC
modelling to 2030 must continue over the following decades.
– An order of magnitude drop in the carbon intensity of grid electricity relative
to today’s values.
– An abundant supply of ultra-low carbon electricity for heating.

•

The suitability of the existing building stock for renewable heating technologies
becomes an increasingly important factor in the longer term under futures with high
levels of decarbonisation. Further empirical evidence is required on the performance
of renewable heating technologies, particularly in retrofit applications, to validate
modelling assumptions. E.g. the Energy Saving Trust’s heat pump trials are ongoing
and further results are expected to be available by autumn 2012. Current evidence
suggests that technical suitability is less of a constraint for district heating, which
means that low carbon DH could provide insurance against this uncertainty.
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Conclusions: wider impacts of decarbonising heat
supply
•

In a future with limited supplies of sustainable bioenergy (e.g. consistent with the
CCC’s Bioenergy Review), the high reliance on low carbon electricity to decarbonise
heat will put upward pressure on electricity demands. For example, electricity
demands for heating reach 100TWh/yr in 2050 under the policy extension scenario
(over a quarter of the UK’s total electricity consumption in 2010).

•

Shifting the majority of the UK’s heating systems from fossil fuel boilers to (largely)
heat pumps will also increase peak demands on the electricity grid. Under the same
scenario, peak electricity demands due to heating are estimated to be around 65GW
(a figure similar to today’s total peak demands).

•

This suggests a need for greatly increased peak generating capacity, combined with
measures such as demand side response to reduce the impact.

•

Impacts on local distribution networks are also likely to be significant (e.g. potential
voltage drops, overloading transformers etc.) under a future with high electrification of
heating. While the extent of grid upgrades required would vary by region, it is likely
that significant investments would be needed.
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Conclusions: risks to decarbonising heat supply
Key risks to decarbonising heat supply include:
•

Failure to decarbonise electricity supply, as low carbon electricity is likely to be a
major feature of any decarbonised heat future.

•

Lack of suitability for renewable heat (e.g. due to space restrictions, grade of heat
required etc.). Although with very low carbon electricity available, direct electric
heating could still be used to meet high CO2 reduction ambitions, (albeit at
significantly increased cost at the national level (relative to widespread heat pump
uptake)) Increased district heating rollout offers a further means of mitigating this risk.

•

Continued availability of relatively cheap gas and indifference towards carbon saving.
A complete switch to low carbon supply will require a sustained economic case for
renewable heat and / or the mandatory rollout of low carbon technologies in the
medium to long term.
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Key DH Network Assumptions
DH distribution and branch Pipe costs ranging from £400/m for 20mm dia pipe serving 60kW to
£600/m for 200mm pipe serving 20MWt to £3,000/m for 1,100mm pipe serving 550MWt

Domestic branch and building connection (heat exchanger/hydraulic board) costs = £3,200 for
detached, £2,900 for semis, £2,100 for terraces and £1,500 for flats
Domestic heat meters £2,300
Non domestic Building connection costs (£/KW) = £28.44 x exp(-0.0003554324 x kWt)
Heat meter costs range from £720 up to 200kWt to £2,500 for >800kWt + £2,000 for logger

Gives average DHN costs (excl transmission) around £560/m, £540/MWh/yr or £1,000/kWt
Opex (mostly billing admin) = 0.1% of capex/yr
DH pipes Sized to meet peak heat load (incl DH loss) for each sqkm.
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Key DH Biomass Boiler Assumptions
Thermal Efficiency = 80% (GCV/HHV basis).
Sized to meet peak heat load (incl DH loss) for each sqkm.
Capex (£/MWth) = £400 x [Capacity (kWth)]-0.262
Gives average cost around £120/MWh/Yr or £220/MWt
Opex (£/y) = 5% of capex.
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Key Biomass CHP Assumptions

Biomass CHP was later excluded from analysis in the end due to biomass availability
restriction assumptions but assumptions used in initial work are as follows:Heat + Gross Power Efficiency = 80% (GCV).
Fully condensing Gross Power efficiency = 25-33% depending on capacity (125MWe).

Parasitic loss = 10%.
Z ratio (heat/power loss)= 8.
Sized to meet 70% of annual heat demand (incl DH loss) for each sqkm with
remainder from top up biomass boilers.
Capex (£/MWe) = £4,000 x [Capacity (kWe)]-0.262
Opex (£/y) = 5% of capex.
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Key DH Heat Pump Assumptions
Installed in coastal locations only.
COP = 2.8.
Capex (£/kWth) = £664 x [Capacity (kWth)]-0.204
Gives average cost around £240/MWh/Yr or £440/kWt
Opex (£/y) =£5,810 x [Capacity (MWth)]-0.301
Sized to meet peak heat load (incl DH loss) for each sqkm.
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Key Power Station Heat Assumptions
Fully Condensing Power Efficiencies (GCV/HHV)
•

CCGT = 50%

•

Large ST (Coal, nuclear etc) = 38%

•

Open Cycle GT = 36%

•

Biomass = 33%

Load Factor = 65%.
Z ratio = 8 for stations with steam cycles (all but Open Cycle GT).
Heat capacity estimated assuming max overall efficiency = 80%.
Power station connected to anchor (earliest) sqkm DH scheme.

Transmission Capex based on distances and pipe sizes necessary to meet peak cluster demands.
DH transmission Pipe costs same as DHN pipe costs depending on size. Gives average
transmission connection costs around £600/MWh/Yr or £1,100/kWt
1.4km of interconnecting pipe length assumed (allowing additional 40% for route length) to
connect each neighbouring sqkm in DH cluster with pipes sized according to sqkm DH heat loads.
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Key Thermal Storage Assumptions
All DH Schemes assumed to include daily thermal storage in the form of large hot
water tanks as is common practice.
Capex insignificant in comparison with all other DH plant and infrastructure costs but
a valuable component of DH system allowing load shifting to maximise plant
operating efficiency, security of supply and operation of power station extraction (and
therefore power loss), heat pumps or electrode boilers at times of cheap or surplus
renewable electricity.
No seasonal storage as this is not common or cost effective.
Storage in the form of hot water tanks.
Temp difference (ΔT) of 30oC gives capacity of 34kWh/m3
Sized to store 17hrs at average heat demand (=3-4hrs at peak demand) in line with
similar European schemes. Equates to 0.19% of annual heat demand.
Capex £65/m3 = £1,900/MWh stored or £3.60/MWht/yr DH heat
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Electrode Boiler Assumptions
Excluded from analysis as not enough data on availability and timing of future surplus
renewable electricity
Would be installed once there is significant intermittent renewable capacity causing
surplus renewable power on grid which can be stored in thermal storage for later DH
use.
Capex (£/MWth) = £112 x [Capacity (kWth)]-0.317 (gives average around £90/kWt)
Opex (£/y) = £830/MWth
Efficiency = 100% (Excl losses in DH pipes).
Electrode boilers installed for each sqkm scheme typically at around 20% of peak DH
heat load.
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District heating could grow organically or develop
via a more coordinated approach
In considering the development of large-scale DH networks there are two principal
penetration scenarios:
•

Organic Development Scenario: The DH network is initially developed as a series
of small energy clusters centred upon one or more “anchor” loads and served by a
single small heat source. As the clusters become more established, they can expand
to take on more loads.

•

Coordinated Power Station DH Development Scenario: The final potential for
large DH schemes in large urban areas and their proximity to power stations are
considered from the outset and the best opportunities selected and developed as
single networks and connected to power stations from project inception.
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District heating rollout scenarios
Stage 1 – Initial Development
(Organic Development Scenario
only)

Independent DH networks
developed based around
key “anchor” loads (e.g.
social housing, hospitals,
universities etc.) and other
loads in the vicinity. Each
scheme served by a
single, small heat source
(e.g. biomass boilers or
large biomass CHP
depending on the size of
scheme).

Stage 2 – DH Scheme Addition
and Expansion
(Organic Development Scenario
only)

New DH Schemes
established and existing DH
schemes expand to connect
additional loads that have
become economically viable.
Individual heat sources grow
in capacity to meet demand.
Adjacent networks grow
closer together forming DH
clusters.

Stage 3 – Regeneration

Adjacent DH schemes (clusters) are interconnected and connected to a large heat source
which may include surplus heat from power
stations. This may be carried over long
distances using high capacity “transmission”
mains.
Some of the original heat sources will be near
the end of their lives making this transition more
cost effective and where this is not the case the
original DH heat sources can provide security of
supply.
In the Coordinated Power Station Development
Scenario, the whole network is developed and
transmission mains laid at once.
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Organic DH penetration potential

This map shows how DH is likely to progress following the organic development scenario. The areas shown
in red will develop first and the yellow ones latest. The maximum feasible penetration is 80% above which
costs escalate steeply so this represents the upper limit on DH penetration. However with the current heat
availability from power stations, constrained biomass availability and limited sites for water source heat
pumps, a maximum of around 40% is more realistic from these low carbon sources and the remaining 40%
would require the use of fossil fuels. However without a coordinated policy of siting power stations close to
urban centres even this may not be achievable as heat clustering may not be conducive to power station
linking.
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Coordinated power station DH penetration potential
by existing power stations

This shows how current power stations could be linked to DH assuming the coordinated power station DH
development approach. Notably the penetration in large urban areas such as London would be low due to
insufficient heat availability from nearby power stations. Meanwhile large power stations such as Drax would
be relatively underutilised serving York and a few surrounding settlements and not Leeds because there are
closer stations to Leeds.
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Coordinated power station DH penetration potential
in an unrestricted power station heat scenario

This shows how DH could be met by power stations following the coordinated power station DH development
approach in a scenario with a large expansion of power capacity which is distributed in proportion to heat
load such that it could meet 80% of UK heat demand. The pipe connections are omitted for clarity. It can be
seen that clustering of areas of similar penetration timing are more pronounced in this scenario than in the
organic development scenario and so power station linking is likely to be more cost effective.
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District heating rollout scenarios – further
considerations
Organic Development Scenario
• This approach requires lower upfront capital and risk at each phase due to its limited
initial coverage.
• Demand risk can be managed by sizing the scheme such that the majority of each
cluster’s capacity is met by the anchor load.
• However as DH schemes will tend to form in town and city centres first and avoid
neighbouring suburbs initially, there is a risk that by 2030 DH may not have clustered
in a way that is conducive to power station linking. At this point further low carbon DH
penetration may be constrained. With current power station locations and capacities
this is likely to be the case.
Coordinated Power Station DH Development Scenario
• Here the final potential for large DH schemes in large urban areas and their proximity
to power stations are considered from the outset and the best opportunities selected
and developed as single networks and connected to power stations from project
inception (skipping phases 1 and 2 of the cluster network scenario).
• Biomass use in DH is reserved for more remote schemes less well suited to power
station linking.
• In the long term, this approach is likely to offer the highest long term low carbon DH
penetration in the cheapest way. However up front capital costs and risks are high
and this ideal scenario is therefore unlikely to occur without strong Government
support.
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We used population forecasts as a proxy to
forecast number of dwellings in the UK to 2050

1

•

The rate of new build to 2030 was taken from previous work undertaken for the CCC
on decarbonising heat through the 2020s.1

•

In the absence of published build rate projections for dwellings beyond 2030,
population forecasts were used as a proxy to forecast the number of new dwellings to
2050.

•

With a forecast of the total UK population to 2050 and an assumed average number
of people per dwelling (see table below), we can calculate the implied number of
dwellings.

Change in average
no. of people per
dwelling over the
period

Period

Data source for
projections

Average annual
new build rate
(UK dwellings)

2010–2030

UEP 38 model assumptions

341,000

2.34 to 2.19

2030–2050

Population forecasts (ONS)
and assumed average no.
of people per household

309,000

2.19 to 2.04

Decarbonising Heat: Low-Carbon Heat Scenarios for the 2020s, NERA and AEA for the CCC, Table 2.3, p.7, (June 2010).
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Our build rate assumptions suggest a third of
dwellings in 2050 will be ‘new builds’

•
•

•

Dwelling stock forecast includes assumption of no demolition of post 1990 houses.
Based on the assumptions above, the UK’s housing stock increases by over 40%
from 2010 to 2050.
Such an expansion would require a much accelerate rate of new home building
compared to current levels.
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With stock forecasts in place, the next step
involves estimating demands of each dwelling
•

Thermal demands of a building are dictated by multiple factors, including the level of
insulation, external temperatures, behaviour (including desired internal temperatures),
etc.

•

For the purposes of this study we limit the measures that define energy efficiency
scenarios in the domestic sector to:
– Cavity wall insulation (CWI)
– Loft insulation (LI)
– Solid wall insulation (SWI)
– Double glazing (DG)
– Draft proofing measures (DP)
– Advanced heating system controls
– Target internal heating temperatures

•

The scenarios to 2050 take a 2030 starting point from previous work undertaken by
the CCC (as reported in the Fourth Budget report), which included near saturation of
loft and cavity wall insulation over the next decade. The implied number of
installations by measure in 2030 and 2050 are tabulated on the following slide.
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Energy efficiency measures in the domestic sector
Number of installations of energy efficiency measures in the UK’s dwelling stock by
energy efficiency scenario (millions of installations)
2030

2050

Measure
Low

Central

High

Low

Central

High

CWI

8.5

8.5

8.5

8.1

8.1

8.1

LI

18.8

18.8

18.8

18.2

18.2

18.2

SWI

0.5

3.5

5.7

1.0

6.2

6.7

Double
glazing

15.2

15.2

15.2

14.6

14.6

22.3

Draught
proofing

17.2

17.2

19.5

16.6

16.6

22.3

Thermal
controls

0.0

0.0

23.1

0.0

0.0

22.3

Number of installations of saturated measures such as LI and CWI drop in 2050 due to decrease in
number of existing buildings.
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The scenario approach was deemed most apt given
the period of interest
•

Given the period of interest for this study (2030–2050), an uptake model was not
considered appropriate (due to the high uncertainty regarding the assumptions
needed to evaluate how consumers choose technologies).

•

Instead, a scenario-based approach was taken, where we take 2030 outputs from
previous work as a starting point, set the mix of heating systems in 2050 and
extrapolate between the two dates.

•

A spreadsheet based model was developed to capture the data relating to the
scenarios, including a representation of the building stock and the cost and
performance of the various heating system options available. This allows us to
explore the implications of alternative RH futures.
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The scenario approach is a pragmatic solution but
does have limitations
Transparency is one advantage of the modelling method as the user essentially enters
the uptake of each technology by 2050. However, the limitations of this approach include:
•

By allowing a wide range of scenarios to be defined (rather than modelling uptake by
representing consumer choice), the model does not explicitly indicate the scale of the
challenge in large-scale shifts in the heating market.

•

Data limitations mean that deployment of DH is differentiated only by area and
building type (it was not possible to distinguish between different building ages or
counterfactual fuel types).

•

No growth rate limits are imposed (the assumption being that markets for all
technologies of interest are sufficiently mature by 2030 that supply side restrictions
will be minimal).

•

Issues such as the laggard effect cannot be represented. I.e. there is an implicit
assumption that going from 95–100% market share is no more difficult than going
from 0–5% or from 50–55%, for example. In reality these issues do affect market
dynamics.
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Thermal demand projections are based on a variety
of underlying assumptions
As mentioned above, thermal demands depend on:

•

Total building stock in the UK (and how it evolves over time).

•

Thermal demands per building type (which are dictated by multiple factors).

There is of course a high degree of uncertainty related to such predictions, so we provide
a critique of the core assumptions for the domestic sector on the following slides.
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Building stock – new build rate
•

•

•

The dwelling stock projections used in this study imply an average new build rate of
over 300,000 new dwellings per year in the UK. This figure seems high relative to
current and historical build rates (see graph below).
The projected increased in building stock is consistent with published population
forecasts, which show the UK’s population increasing to 73.2m by 2035 and 77m by
2050 (from a current value of around 62m).1
Note that this level of population growth poses a threat to meeting emission reduction
ambitions (in terms of absolute reductions) across all sectors.
1

ONS National
Population Projections,
2010-based projections
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Thermal demands per building – energy efficiency
uptake
The energy efficiency scenarios include ambitious levels of uptake of the measures
considered, for example in the domestic sector:
Amount of 2005 technical potential
achieved by 2030

•

Amount of 2005 technical potential
achieved by 2050

Low

Central

High

Low

Central

High

CWI

90%

90%

90%

90%

90%

90%

LI

90%

90%

90%

90%

90%

90%

SWI

7%

45%

74%

13%

83%

90%

DG

59%

59%

59%

59%

59%

90%

DP

67%

67%

76%

67%

67%

90%

We can gauge the scale of the challenge of achieving such uptake by comparing the
implied average number of installations required (for the Central case) against current
rates of rollout.
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Comparison with current uptake rates suggests an
order of magnitude ramp up in SWI rates is required

Current SWI rates
must increase
significantly if the
“Central” energy
efficiency scenario is
to be realised.

CERT data
from annual
CERT review
report
(published
by Ofgem).

These data suggest that current rates of CWI and LI are broadly sufficient to meet
Central / High energy efficiency scenarios (provided they are maintained). However, an
order of magnitude step change in rollout rate is required for the SWI penetration targets
to be met.
131

High penetration of SWI is expected to depend on
subsidies being made available
•
•

•

While the technical and economic potential for insulation measures such as CWI and
LI are promising, the same is not true of SWI.
The high cost of SWI restricts its economic feasibility. Based on Element Energy
analysis for DECC (as part of the Green Deal design work), we have considered the
economic implications of high SWI uptake.
The graph below shows the economic viability of SWI as a function of subsidy grant
(from zero to 100% of the capital cost being subsidised). Note that the portion of the
capital cost met by the householder is assumed to be provided by Green Deal
finance.
These data suggest that at current fuel prices
high subsidies would be required for the Golden
Rule to be met in the majority of dwellings and
high SWI uptake to be achieved.

Around 18% of the
technical potential is
also economically
viable without
additional subsidy.

Amount of 2005 technical
potential achieved by 2050
High subsidy is
required (in addition
to GD finance) to
achieve high levels
of SWI deployment.

SWI

Low

Central

High

Penetration

13%

83%

90%

Subsidy grant

0%

60%

75%
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Technical suitability of individual renewable heating
technologies is based on previous work for CCC
•

•

•

Building on previous work for the CCC (Low Carbon Heat Scenarios for the 2020s,
NERA and AEA, 2010), AEA provided updated RH suitability assessments based on
the following factors:
– Physical space for installation of the primary elements such as boiler and fuel
store, solar panels, ground coils, storage etc.
– Match of the heat grade available from the technology to the application. Thus,
for example, low temperature heat from a heat pump is not suitable for a high
temperature industrial application.
– Environmental factors, mainly air quality and noise in urban environments.
This gives the possible penetration of RH in individual building types. However the
overall penetration of RH depends on the level of overlap of technically suitable
buildings between the different technologies. E.g. if ASHPs, GSHPs and biomass
boilers are each considered suitable in 50% of suburban semi-detached houses the
overall potential for RH could be:
– 50% (half of houses could install any one of the three and half can install none).
– 100% (this represents the other extreme, which we call “no overlap”).
– Somewhere in between.
The model allows the user to define this level of overlap in three ways:
– Perfect overlap (suitability of RH is same as maximum individual technology)
– No overlap (suitability of RH is sum of individual technologies, limited to 100%)
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– Statistical overlap (suitability of RH is between perfect and no overlap)

2030 outputs from the previous study are used to
define the split of renewable heating by technology
•

Previous analysis of the uptake of renewable heat (RH), Analysis of low carbon heat
to 2030 (NERA / AEA), for the CCC was based on deployment / uptake model
approaches.

•

The 2030 outputs from the previous modelling have been used to define split of RH
uptake amongst the individual technologies on a stock level for each sector.

•

This results in an uptake of RH that is representative of technical suitability as well as
economic performance.

•

The resulting split of RH into individual technologies is presented in the table below:

ASHP

GSHP

Biomass

Domestic

50%

36%

14%

Commercial

51%

43%

6%

Industrial

27%

50%

23%
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The technical potential for renewable heating is
defined by suitability and competing technologies
•

The technical potential of a technology in a particular building is the maximum
possible penetration.

•

This technical potential is based on the suitability of all the competing renewable
heating technologies as well as the degree of overlap of suitable buildings.

•

The maximum technical potential for building-scale renewable heating technologies
(ASHP + GSHP + Biomass) is limited to the available buildings in 2050 after initial
penetration of district heating. This ensures that there is no over filling in an individual
building type.

•

The resulting penetration of renewable heating technologies depends on the defined
degree of overlap . An example is given below.
Individual technology technical potential (%)
Renewable heating technical potential
(%)

Suitability (%)
Example

Perfect overlap

Statistical overlap

No overlap

ASHP

GSHP

Biomass

DH

Perfect
overlap

Statistical
overlap

No
overlap

ASHP

GSHP

Biomass

ASHP

GSHP

Biomass

ASHP

GSHP

Biomass

1

50%

36%

14%

0%

50%

72.6%

100%

25%

18%

7%

36%

26%

10%

50%

36%

14%

2

50%

36%

14%

40%

50%

60%

60%

25%

18%

7%

30%

22%

8%

30%

22%

8%
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The technical potential achieved is defined for
buildings based on competing technologies
•

Once the maximum technical potential for renewable technologies that can be
achieved is calculated, the user defines the level of technical potential achieved.

•

This is entered separately for buildings depending upon what renewable heating
technologies are competing. In this way a building suitable for renewable heating can
be classified as one of the following seven types, i.e. suitable for:
1.
2.
3.
4.
5.
6.
7.

ASHP only
GSHP only
Biomass only
ASHP and GSHP
ASHP and Biomass
GSHP and Biomass
ASHP, GSHP and Biomass

This provides sufficient information to populate the renewable heating technology
stock for individual buildings.
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While electricity and biomass costs were provided
by the CCC, gas & oil costs come from IAG data

•
•

•

The IAG projections show no change in gas or oil costs between 2030 and 2050.
The graph above summarises the .fuel cost assumptions used in the calculation of
resource cost.
Central case costs for gas & oil are compared against the costs of other fuel types
on the following slides.
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Input assumptions: fuel costs – domestic sector

Biomass (pellet)
prices set constant
beyond 2040.

•
•

Gas & oil cost forecasts based on IAG projections (variable element).
Electricity and biomass costs – provided by the CCC.
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Input assumptions: fuel costs – commercial / public
sector

Biomass (chip) prices
set constant beyond
2040.

•
•

Gas & oil cost forecasts based on IAG projections (variable element).
Electricity and biomass costs – provided by the CCC.
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Input assumptions: fuel costs – industrial sector

Biomass (chip) prices
set constant beyond
2040.

•
•

Gas & oil cost forecasts based on IAG projections (variable element).
Electricity and biomass costs – provided by the CCC.
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Input assumptions: fuel carbon intensity values

Oil: 246gCO2/kWh
Gas: 183gCO2/kWh

Biomass: 50gCO2/kWh

Electricity grid emission factors (2030–2050) based on starting value of
390gCO2/kWh in 2030, falling to 49gCO2/kWh in 2050 (CCC data), with
linear interpolation.

Note that the biomass
emission factor
represents a lifecycle
value (i.e. it includes
emissions associated
with growing the fuel,
processing,
transporting etc.). In
practice emissions will
be sensitive to the
feedstocks supplying
the fuel.
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Heat demand met by technology in 2050 (all
sectors) by scenario (TWh/yr)
Baseline

Policy extension DH, constrained

Electrification

DH,
unconstrained

Gas boiler

207.0

14.4

5.6

0.0

0.0

Electric heating

33.6

0.6

0.2

179.8

0.0

Oil boiler

20.7

0.7

0.3

0.0

0.0

ASHP

92.6

165.0

113.4

82.5

43.1

GSHP

62.1

125.8

86.4

62.9

39.8

Biomass boiler

14.4

37.1

26.8

18.6

13.8

10.2

8.4

34.0

8.4

0.0

31.7

26.0

102.7

26.0

284.5

0.0

0.0

0.0

0.0

0.0

DH - Heat Pump

3.6

3.0

11.7

3.0

0.0

Solar thermal

2.4

34.8

34.8

34.8

34.8

Total

478.3

415.9

415.9

415.9

415.9

DH - Biomass
boiler
DH - Waste heat
from power plant
DH - Biomass
CHP
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Fuel demands in 2050 (all sectors) by scenario
(TWh/yr)
Baseline

Policy extension DH, constrained

Electrification

DH,
unconstrained

Gas

219.1

15.3

5.9

0.0

0.0

Oil

25.9

0.9

0.3

0.0

0.0

35.8

0.7

0.3

192.6

0.0

50.0

92.4

67.5

46.8

25.1

4.4

3.6

14.3

3.6

39.5

31.6

56.1

79.4

33.9

16.6

Electricity
(direct)
Electricity
(heat pumps)
Electricity
(waste heat)
Biomass
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Additional peak electricity demands due to
electricity for heating in 2050 (all sectors) (GWe)
We estimate the grid impacts in terms of peak electricity demands from the number of
installations installed and the following diversified peak electricity demands per installation:
• Domestic heat pump = 1.5kWe
• Non-domestic heat pump = 37.5kWe
• Domestic direct elec. heating installation = 4.25kWe
• Non-domestic direct elec. heating = 50kWe
Note that these are estimates only. There is much uncertainty associated with these
figures, and the GW estimates below are highly sensitive to these assumptions.

No. of HPs (domestic)
(thousands)
No. of HPs (non-domestic)
(thousands)
No. of direct elec. (domestic)
(thousands)
No. of direct elec. (nondomestic) (thousands)
Estimated peak elec. demand
(HPs) (GW)
Estimated peak elec. demand
(direct elec.) (GW)
Total peak elec. demand
(estimated) (GW)

Baseline

Policy
extension

DH,
constrained

Electrification

DH,
unconstrained

9,640

28,860

19,840

14,430

6,470

270

590

410

290

240

3,670

80

30

18,550

0

70

0

0

330

0

24.5

65.3

45.1

32.6

18.7

19.1

0.3

0.1

95.3

0.0

43.6

65.6

45.3

127.9

18.7 147

A significant increase in peak electricity demands is
likely with high levels of electrification of heating
•

Typical average demands on the British electricity grid are currently around 40GW,
rising to a peak of around 60GW.

•

The results above suggest that in 2050 heating alone could place demands of this
order of magnitude on the grid. Of course a change towards these levels of
electrification of heating will be a gradual process. However, grid upgrades (at
generation, transmission and distribution levels) will need to be planned and
implemented accordingly.

•

Estimating the combined impact of a large number of electric heating technologies on
the national grid is a complex and challenging task. The extent of diversity of demand
is difficult to determine as is the potential role of smart grids, which could help to
mitigate the impact.

•

High levels of electrification of heating could also present opportunities to the grid.
For example, turning electricity into heat offers a form of energy storage (albeit at the
cost of high grade energy into low grade energy). This could be advantageous in a
future with high renewables on the grid, i.e. heating could provide a base load for the
power from the tens of GW of wind power that the UK is expected to need to meet
cross-sector emission reduction targets.
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Total technology stock in 2050 (all sectors)
(thousands of installations)
Baseline

Policy extension DH, constrained

Electrification

DH,
unconstrained

Gas boiler

19,643

1,881

722

0

0

Electric heating

3,740

76

29

18,881

0

Oil boiler

979

78

30

0

0

ASHP

6,408

17,616

12,247

8,808

3,886

GSHP

3,498

11,832

8,003

5,916

2,826

Biomass boiler

1,458

4,244

2,891

2,122

1,064

DH - Biomass
boiler
DH - Waste heat
from power plant
DH - Biomass
CHP

562

562

2,780

562

0

2,016

2,016

10,616

2,016

30,779

0

0

0

0

0

DH - Heat Pump

249

249

1,235

249

0

Solar thermal

962

15,702

15,702

15,702

15,702
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Suitability sensitivity analysis: further results

The impact of reduced suitability for
building-scale renewable heat is less
severe under scenarios with increased
deployment of district heating.

On the whole there are fewer technical
suitability restrictions to district heating
rollout (compared to building-scale
renewable heat), although the barriers
to deployment are currently high.
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