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The study was commissioned in the context of the CCCôs 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: 

 

Å 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). 

 

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

 

Å Create scenarios for decarbonising heat to 2050 and consider the wider implications 

in terms of costs and interactions with other sectors, notably power generation. 

 

 

 

This study forms part of the efforts to understand 

long term emission reduction requirements in the UK 
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This studyôs 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 (2030ï2050), it was decided that an uptake model 

methodology would not be appropriate. Instead, a scenario approach is employed. This 

involves: 

Å Taking a 2030 starting point (in terms of RH uptake) from previous CCC analysis. 

Å Defining the proportion of the technical potential for renewable heat reached by 2050. 

Å 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 ï the heat supply mix 

is one of the user-defined inputs. 

 

 

 



5 

 

  
The model captures all the input assumptions 

required and calculates outputs of interest 

Model core 

Energy 

efficiency 

uptake Technology 

uptake 

Outputs: fossil fuel demand 

reduction, CO2 savings, 

resource cost etc.  

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.). 

Energy efficiency consists of a package of 

measures. Element Energyôs comprehensive 

Housing Energy Model is used to calculate the 

impact of energy saving measures in the 

domestic sector. 

Other 

assumptions 

(tech. cost & 

performance, fuel 

prices, fuel carbon 

intensity etc.) 

Heat mix in 

2030 
RH ambition 

Technical 

suitability 

Other 

constraints 

Representation of the 

UKôs building stock 

(2030ï2050) 
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Part B of the project involved assessing the 

technical potential of key technologies 
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ÅñDevelop 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 potentialò 

Å Split into five core tasks: 

ÅB1a Literature review of long term heat plans in other countries 

ÅB1b Literature review of more exotic and innovative methods for abatement in 

 buildings 

ÅB2 Detailed development of technical and economic characterisation of district 

 heating technologies and infrastructure 

ÅPlus  

Detailed development of technical and economic characterisation of electric heating 

technology and infrastructure 

Assessment of technical potential of each option for heating 

 

 

Part B: Develop Decarbonisation options for Heat 

and Cooling 
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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 ñnewly developingò markets have very little activity to report on. 

Most to learn comes from the ñexpandingò countries with similar climate and 

population ï Germany and France. 

Both have a published road map as part of Ecoheat4EU. 

 

Task B1a - Review of district heating in other 

countries 
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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 ïCountry Road Map, www.ECOHEAT4.EU  

http://www.ecoheat4.eu/
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Top three support measures for maximum impact 

(from Ecoheat4EU) 

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

 

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. 
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  Germany 

Å DH connected load is approximately 

57,000 MW thermal and 100,000 

kilometres. 

Å Current market share is 14% expected 

to rise to 18ï22% by 2020 as a result 

of policies. 

Å DH delivers increased efficiency for 

fossil fuel and efficient load  matching 

for renewables therefore; 

Å District heating growth will be a 

consequence of an increased use of 

CHP and RE to improve national 

primary energy efficiency - not vice 

versa. 

 

 

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

 

46% 

36% 

18% 

DH Heat Split by Sector 

Private Homes

Public Buildings,
Commercial and Trade

Industry
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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. 

 

German incentives 

A good example of a workable policy framework 
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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 household-

equivalents that benefit from the heat they produce (2 millions household-equivalents 

and 3,200 km of network in 2008). 

 

France 

Some moves on policy but little in way of results seen at this time 
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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 ñgame changersò that would significantly change 

future practice. 

 

 

Task B1b - Literature review of Innovative 

Approaches  
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  R&D ï Networks 

Technology Description Advantages for 
Waste heat 
integration  

Advantages for RE 
integration 

Challenges Status Reference 

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. 
 
Cascade connected networks 
give progressively lower 
temperatures. 
 

Higher electrical 
efficiency in cogen. 
 
Widens scope of 
waste heat sources 
possible. 
 
Allows low 
temperature sources 
to be collected on 
end of circuit. 

Solar integration is 
easier. 
 
Seasonal stores are 
easier. 
 
Heat pumps are 
more efficient. 
 
Biomass steam 
cycles are more 
efficient. 
 
Generation and use 
together on 
cascades. 

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

Trials Finland 
 
Canada 
solar 
community 

Controls and 
dynamic 
management of 
networks 

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

Helps to cope with 
intermittent loads  

Helps to cope with 
intermittent loads 

Incremental 
improvement 

Demonstration Danish 
Board of DH 

Tools for network 
development 
planning and 
zoning 

Route optimisation techniques Helps to 
accommodate 
greater number and 
diversity of sources. 

Helps to 
accommodate 
greater number and 
diversity of sources 

Incremental 
improvement 

Product 
development 

 

Improved 
installation 
methods and 
materials 

Better trenching tools and 
insulation 

Not specifically Not specifically Incremental 
improvement 

Product 
development 

Logstor 
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  R&D ï Thermal Storage  

Technology Description Advantages for 
Waste heat 
integration  

Advantages for RE 
integration 

Challenges Status Reference 

Low temperature 
seasonal 
storage 

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

Limited  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 of 
DH 

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. 

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

Conventional water 
based accumulators 
very cost effective. 
 
New options difficult to 
compete  

Product 
development 

 

High 
temperature 
short term 
storage 

Reversible chemical reaction, 
heat transfer fluid stores 
intermittent supply. 

Intermittent HT 
sources 

Solar chillers Limited HT sources in 
UK make investment 
in innovation difficult to 
justify beyond R & D  

Research   

High temp 
seasonal 
storage 

Chemical system based on 
absorption or reversible 
chemical reactions stores heat 
at high temperature during 
summer released in winter. 

Limited scope Scope limited to 
concentrating solar 

Little scope in UK Research NREL (US) 

Heat transport 
by road or rail 

Adsorption media, salt hydrate 
or thermal oil charged at 
remote location then 
transported by road or rail to 
DH network 

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. 

Limited applicability in 
UK due to lack of 
sources. 

Demonstration
s  

SSAB 
Lulea. 
IEA annex 
18 
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 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 

Å Further data obtained from manufacturers  

Å Common usage in DH for electrical network capacity and frequency 

management in Western Denmark, which has high wind penetration 

 Large scale heat pumps 

Å Data from Danish and Finnish practice  

Å Potentially restricted to locations near sea or river water 

 

Task B2a - Identification and characterisation of no / 

low carbon heat supply sources 
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  Organic DH Development Model  

Cluster Network Development Model 

Stage 1 ï Initial Development Stage 2 ï DH Scheme Addition and 

Expansion  

Stage 3 ï Regeneration  Key 

  
 

Independent DH networks developed 

based around key ñanchorò 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).  

 

 

 

 

 

 

 

 

 

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 

ñtransmissionò 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 Load 

 Anchor Heat Load 

 Distribution Pipeline 

 Transmission Pipeline 

 Heat Source (small) 

 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 

óorganicallyô and be served by a combination of biomass boilers and water source heat pumps. 
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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 óorganicallyô 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. 

 

 

 

DH Network Modelling Approach 
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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 

 

 

Key DHN Assumptions and Costing 
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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. 

 

 

 

 

óOrganicô DH Penetration Order 
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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 

% of UK heat demand starting with lowest cost £/MWh first

DH Penetration Range0-10% 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 

% of UK heat demand starting with lowest cost £/MWh first

DH Penetration Range0-10% 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 


