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 Executive summary 
1.1 Background 
Heat networks use fluid-filled pipes to carry thermal energy from one place to another, 
serving multiple end users.  

Traditional heat networks typically feature an ‘energy centre’ where high temperature heat 
is generated before it is sent out to the heat-using properties which are connected to the 
network. By contrast, low temperature heat networks connect two or more properties to a 
shared source of thermal energy, without a central station where high temperatures are 
generated. Instead, heat pumps within individual properties or buildings extract heat from 
the network, which typically operates at less than 35 degrees centigrade, and upgrade it to 
provide heating and hot water.  

Heat networks are identified as a key strategic technology for meeting Scotland’s 
greenhouse gas emissions reductions targets (Scottish Government, 2022). Assessing their 
potential is a core requirement for local authorities’ Local Heat and Energy Efficiency 
Strategies (LHEES), the first versions of which were published in 2023 and 2024.  

To date, most local and national energy planning in Scotland has focused on high 
temperature heat networks, typically operating at more than 65 degrees centigrade. This 
research addresses that gap by identifying where low temperature heat network are most 
likely to be suitable. 

1.2 Aims  
The results of this assessment identify where low temperature heat networks are most 
likely to be suitable across Scotland. 

The results can support a range of uses, including local and national energy planning, project 
identification and prioritisation, public engagement (including awareness-raising), business 
planning and strategy development, knowledge-building and as an input to future research. 
The intended users include the Scottish Government, local authorities, energy system 
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planners, enterprise development agencies, heat network developers, social landlords, 
researchers and members of the public. 

The approach that has been developed also has policy value. It provides a tested and 
documented methodology that can be repeated and refined in future assessments.  

This is a national level, first pass assessment of locations where low temperature heat 
networks may be suitable. It does not assess the relative attractiveness or feasibility of 
specific opportunities.  Instead, the data outputs provide data that users can apply to screen 
and prioritise opportunities according to their own objectives.  

1.3 Findings 
Figure 1 provides an overview of the methodology used in the assessment: 

Figure 1: Simplified representation of national assessment methodology 

In many areas, the most effective approach is likely to involve several smaller low 
temperature networks rather than a single large network. In denser urban locations, 
particularly in city centres, there are often multiple possible configurations. The 
opportunities identified should therefore be interpreted as areas of high potential rather 
than clearly defined project proposals. 

The national assessment does not account for existing low temperature heat networks, 
recent or planned new build developments, networks that rely on both heating and cooling, 
or schemes involving large distances between buildings. To maintain a manageable and 
practical set of data outputs, smaller opportunities below a defined scale threshold were 
excluded. However, smaller low temperature heat networks connecting only a few 
properties can still be viable.  

The assessment identified around 11,000 Multi-Building Opportunities and 17,000 
Communal Opportunities across Scotland. Together, these represent approximately 900,000 
domestic properties and around 100,000 non-domestic properties, around a third of each 
total. The heat demand represented by these opportunities combined amounts to over 
20 TWh/yr. 

• Most opportunities involve relatively small numbers of properties, typically up to 30,
with total heat demand of up to 300 megawatt-hours per year. A smaller number of 
opportunities have much higher total heat demand, especially where anchor loads 
such as hospitals and higher education buildings are present. 
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• Low temperature heat network opportunities are distributed across each of 
Scotland’s 32 local authority areas. While concentrations are highest in more densely 
populated regions, including the Central Belt and urban areas around Aberdeen and 
Dundee, opportunities are also present in smaller towns, rural areas and coastal 
communities across Scotland.  

• Most opportunities were matched with nearby green spaces that could potentially 
host heat collection infrastructure. A smaller proportion were matched with nearby 
water bodies, and relatively few with nearby waste heat sources, although, in some 
cases these offer significant potential.  

• More than half of all opportunities are in areas where over 90% of properties 
currently use mains gas for heating. However, a notable proportion, around 16%, are 
located in areas with no mains gas use, often in off-gas locations or electrically 
heated buildings. 

1.4 Recommendations  
Scottish local authorities and other organisations involved in energy planning can use the 
results of the national assessment to inform strategies and delivery plans relating to heat 
networks, heat decarbonisation, and electricity network upgrades.  

Organisations involved in project identification, including building owners, heat network 
project developers, community groups and economic development agencies, can use the 
datasets to screen and prioritise opportunities for further assessment. In some cases, access 
to the datasets will require compliance with data sharing agreements. 

Confidence in the results of the national assessment could be improved through better 
evidence on the relationship between heat demand and viable connection distances 
between properties. Improvements to input datasets, particularly relating to heat demand 
and waste heat sources, would help to better capture the full potential for low temperature 
heat networks.  
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 Glossary / Abbreviations 
Anchor Load A large heat user within a heat network opportunity whose substantial 

annual heat demand provides a stable base of consumption, improving 
revenue certainty and supporting the overall viability of a heat network. 
This research defined anchor loads according to their estimated annual 
heat demand (above 100 megawatt-hours per year for public sector 
properties and above 200 megawatt-hours per year for all other 
properties). 

Air source heat 
pump 

A type of heating system that uses electricity and the energy in ambient 
air to generate useable heat and/or hot water. 

Building A built structure containing one or more heat-using properties that is 
mapped with a single footprint in Ordnance Survey MasterMap. 

Closed loop 
borehole 

The underground component of a ground source heat system in which 
pipes circulate fluid through a sealed loop contained within a borehole 
to extract heat from the ground. 

Communal 
Opportunity 

A location likely to be suitable for a heat network serving multiple 
properties within the same building, such as blocks of flats or multi-
occupancy commercial buildings. 

First pass 
assessment 

An initial, high-level screening based on national datasets, intended to 
identify areas of potential rather than to assess feasibility. 

Green Heat in 
Greenspaces 
(GHiGs) 

An evaluation of low-carbon and renewable heat opportunities within 
parks and other green spaces, produced by Greenspace Scotland. The 
assessment considers land use, environmental constraints, and potential 
heat network integration. 

Ground source 
heat pump 

A type of heating system that uses electricity and the energy in the 
ground and/or groundwater to generate useable heat and/or hot water. 

Home Analytics 
(HA)  

A detailed analysis of residential building characteristics, energy 
consumption, and heat demand, produced by Energy Savings Trust to 
support heat decarbonisation and local energy planning. 

Heat Demand 
Proximity 
Analysis 

A process that identifies clusters of buildings that are potentially 
suitable for heat networks by calculating and applying maximum viable 
connection distances based on estimated heat demand. 

High Property 
Count Area 
(HPCA) 

A zone, defined by this research, which is home to more than 1,000 heat 
demands and within which there are likely to be many opportunities for 
both low and high temperature heat networks. 
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High 
temperature 
heat network 

A system of water-filled pipes connecting two or more buildings to a 
shared thermal energy source and operating at a temperature suitable 
for providing space heating or hot water generation without further 
elevation. This research has defined high temperature heat networks as 
those operating above 65 degrees centigrade. 

Local Heat and 
Energy Efficiency 
Strategy (LHEES) 

Strategies developed by Scottish local authorities that support the local 
planning, coordination and delivery of the heat transition, including 
building energy efficiency. 

Low 
temperature 
heat network 

A system of water-filled pipes connecting two or more buildings to a 
shared thermal energy source and supplying heat pumps located at each 
property. This research has defined low temperature heat networks as 
those typically operating at a temperature below 35 degrees centigrade. 

Multi-Building 
Opportunity 

An area within which there is likely to be scope for one or more viable 
low temperature heat networks, each serving a cluster of separate 
buildings. 

Non-Domestic 
Analytics (NDA) 

An assessment of energy use, building typologies, and heat demand 
across commercial, industrial, and public-sector properties, produced by 
Energy Savings Trust to aid with strategic heat planning. 

Open loop 
borehole system 

A ground source heat system that extracts groundwater from one 
borehole and reinjects it into another. 

Opportunity A geographic grouping of properties identified through the national 
assessment as having potential suitability for a low temperature heat 
network. Opportunities are not assessed for feasibility and should be 
interpreted as areas for further investigation. 

Property A building or part of a building which is owned or leased as a unit and 
normally has its own, separately controllable heat distribution system. 

Shared Ground 
Loop 

A type of low temperature heat network in which the heat source is a 
ground source heat collector that is shared between multiple 
distributed heat pumps. 

Scotland Heat 
Map (SHM) 

A national dataset capturing characteristics of and estimated heat 
demand for the majority of buildings across Scotland, produced by the 
Scottish Government to support regional comparison and strategic heat 
planning. 

 

  

https://uoe.sharepoint.com/sites/ClimateXChange/Shared%20Documents/Comms/www.climatexchange.org.uk


National assessment of low temperature heat network opportunities| Page 9 

www.climatexchange.org.uk 

2.1 Low temperature heat networks 
Just as electricity networks use cables to transport electrical energy from one or more 
points of generation to multiple points of use, heat networks use fluid-filled pipes to carry 
thermal energy from one place to another. Heat networks can take different forms. An 
important distinction that can be made between two of the main types relates to the 
temperature at which they operate. The temperature of the pipe network relative to the 
temperatures required by the end users has a fundamental impact on what items of 
equipment are required where on the network. 

 

 
Figure 2: Simplified diagram of a) low temperature heat network features and b) high temperature 

heat network features 

Figure 2 a) shows a simplified depiction of the features of low temperature heat networks. 
In each of the two networks shown, water-filled pipes connect separately occupied 
properties to a shared source (or sources) of thermal energy. The left network accesses 
thermal energy from a waste heat source (a data centre) as well as the ground and 
distributes it to separate buildings. The right network accesses a single heat source (a body 
of water) and distributes it to flats within a single building. The temperature of the water in 
the network is likely to be between 0 and 35 degrees centigrade (although could be 

(a) 

(b) 
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warmer). In both instances, heat pumps in individual properties upgrade the temperature of 
the thermal energy that they extract from the network to supply space heating and hot 
water to occupants. Some low temperature heat networks are able to supply cooling to 
buildings in addition to (and often at the same time as) supplying heating. 

By contrast, the high temperature heat network shown in Figure 2 b) shows multiple 
properties being supplied from a central energy centre. The temperature of the water that 
circulates from the energy centre to the end users is likely to be above 55 degrees 
centigrade, possibly much hotter. Connected properties do not normally need their own 
heat pumps. Instead, heat exchangers transfer thermal energy from the network to 
properties’ internal heating systems without upgrading its temperature. 

 Aims of the research 
3.1 Policy value of the research outputs/ 
This national assessment of low temperature heat network opportunities aims to support 
the Scottish Government’s priority to reduce greenhouse gas emissions in the building 
sector. More specifically, it aims to support national and local policies, strategies and 
delivery plans associated with the development of low carbon heat networks in Scotland. It 
does this by providing the results of the first national-scale assessment of a class of heat 
networks that has, to date, typically been underrepresented in local and national energy 
planning. The results of the assessment show where low temperature heat networks are 
most likely to be suitable and provides additional data for each identified location that 
further characterises the opportunity. Aggregating the individual opportunities identified 
gives an indication of the extent and distribution of the overall opportunity for this type of 
heat network in Scotland.  

The approach developed to generate these results itself also has value for policymakers and 
Scottish local authorities. Future assessments will be able to repeat and/or build on a 
tested, refined and documented methodology that has been designed with replicability in 
mind.  

In addition to a policy and local government audience, it is anticipated that this research will 
have value for the heat network and heat-in-buildings industry, the owners and occupants 
of buildings that require heat decarbonisation solutions, energy network planners and 
operators, potential investors in heat networks, community organisations and interested 
members of the public. 

This report communicates some of the results of the national assessment in the form of 
summaries relating to the low temperature heat network opportunities identified. This 
assessment is intended to inform decision making and does not determine the feasibility of 
individual projects.  

Another critical output of the research is several datasets which capture details about the 
opportunities identified. Different versions of these geospatial datasets enable sharing with 
different recipients, depending on their organisation’s status (public sector or not) and the 
licenses that they hold to certain data products. The different versions enable users to gain 
maximum value from the research within the constraints imposed by data restrictions. 
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3.1.1 Context for interpretation 

The national assessment is a top-down, “first pass” assessment of locations likely to be 
suitable for low temperature heat networks in Scotland. The opportunities identified in the 
research outputs have not been subject to any individual assessments. The selection process 
made use of information from national-scale datasets only; more localised information was 
not taken into account. Assessment of the relative attractiveness of specific opportunities 
was not within our scope. 

The identified opportunities are entirely independent of the LHEES developed for each of 
Scotland’s 32 local authority areas. Local authorities have not carried out any screening of 
low temperature heat network opportunities ahead of publication. However, the research 
outputs offer important value for future development and the delivery of actions that align 
with them, particularly where local authorities are able to screen and prioritise 
opportunities relevant to their geographic area. This national assessment supplements, but 
does not supersede LHEES, it is intended to complement, rather than replace, LHEES. 

The level of detail with which low temperature heat network opportunities were assessed is 
very much less than would typically be involved in a feasibility study. In most cases, the level 
of detail falls short of that which would typically be used to justify carrying out a feasibility 
study. Organisations wishing to pursue the assessment and possible development of a low 
temperature heat network in a specific location are advised to use the results of the 
national assessment as a starting point for a further investigation that incorporates local 
information. Users will need to apply judgment to develop and refine the concept for the 
network beyond the initial spatial boundary and the associated group of properties that are 
defined through this research. 

The results of the national assessment inevitably include as “opportunities” some areas 
which are not in practice good locations for low temperature heat networks. They also fail 
to include some locations which would, upon further investigation, prove to be good 
opportunities. The national assessment can only offer generalised justifications for why a 
location has been included and another location excluded.  

It is frequently the case that a group of properties that has been designated as a low 
temperature heat network opportunity would also represent an opportunity for a small high 
temperature heat network. The advantages and disadvantages of low temperature systems 
are often place-specific, requiring an options assessment to be carried out to establish 
which is likely to be a better fit for the heat sources, buildings and intermediate spaces 
involved. 

3.2 Research concept and technical focus 
Low temperature heat networks use a system of fluid-filled pipes to connect two or more 
buildings or separately occupied properties to a shared source of thermal energy. Low 
temperature heat networks, in common with many higher temperature networks, harvest 
energy from sources that are cooler than the temperatures needed by the buildings and 
processes they serve. Examples of these cooler heat sources include the ground, water 
bodies, and many waste heat sources. In contrast to higher temperature heat networks, 
these low temperature systems do not upgrade the temperature centrally – instead, one or 
more dedicated heat pumps per property supply the heating and hot water that the 
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connected buildings need. Some low temperature heat networks are able to supply cooling 
to buildings in addition to (and often at the same time as) supplying heating. 

In theory, low temperature heat networks could be used to heat buildings almost anywhere; 
all it takes is two or more buildings or separately occupied properties to be close enough 
together for it to make sense to share a heat source. However, some places are better than 
other places. This research aims to identify locations across Scotland where low 
temperature heat networks are most likely to be suitable. It aims to make available 
information about these locations and the opportunities there to facilitate consideration of 
low temperature heat networks as an option for decarbonising heat in buildings. This 
information includes the possible presence of waste heat sources near to heat network 
opportunities. 

The opportunities identified could each be developed as a potential low temperature heat 
network scheme. However, it could be the case that smaller schemes within the areas 
delineated are more viable in practice – or that upon further investigation it makes sense to 
extend networks to certain neighbouring buildings outwith the areas mapped or to 
interconnect opportunity areas. The opportunities mapped and listed in the national 
assessment should be interpreted as guides to areas of high potential rather than defined 
proposals for schemes. For example, neither indicative pipe network routing nor precise 
locations for connections to heat sources are produced.  

3.3 Use cases 
The intended audience for the research comprises numerous groups who have the potential 
to contribute to meeting Scotland’s targets for building decarbonisation and heat network 
deployment. The degree to which the needs of the intended audiences for the research 
outputs are met is key to its impact. Therefore, the anticipated use cases are central to the 
aims of the research. This report aims to present the research and its results in such a way 
that readers can easily understand its implications and the conclusions reached. The data 
outputs produced by the research can be used for purposes that include local and national 
energy planning, project identification and prioritisation, public engagement (including 
awareness-raising), business planning and strategy development, knowledge-building and as 
an input to future research.  

Scottish local authorities are a particularly important audience for the research. Having 
developed their LHEES over the period 2022 – 2024, local authorities are now engaged in 
implementing the Delivery Plans associated with the Strategies. In general, low temperature 
heat networks were not considered in detail when most of the Strategies and Delivery Plans 
were written. This outcome results from the methodology that local authorities were 
encouraged to follow when developing their LHEES in 2022 – 2024, which centred on high 
temperature heat networks. However, they have the potential to make a significant 
contribution to the decarbonisation of heat in buildings, alongside the other leading 
solutions: 

• building energy efficiency; 
• high temperature heat networks;  
• individual, non-networked heat pumps; and 
• other important technologies which have less widespread applicability. 
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The national assessment raises the profile of low temperature heat networks as a means to 
achieve the objectives of LHEES, and delivers information that can help local authorities 
(and other users) to focus on priority areas and to rank the opportunities that have been 
identified. Local authorities and their partners will still need to consider what the best 
technology choice is for each type of building in each locality. The national assessment does 
not directly compare low temperature heat networks against other zero-emissions heating 
solutions or identify optimum solutions, and as such cannot be a direct input into Delivery 
Plans or derived activities. 

Other audiences that we specifically considered included: 

• energy system planners; 
• enterprise development agencies; 
• heat network developers; 
• social landlords;  
• researchers; and 
• members of the public, including those who are active in community organisations. 

Developers of small high temperature heat networks may find that the results of the 
national assessment of low temperature heat network opportunities offer information that 
is useful for the identification of opportunities for higher-temperature systems. This would 
especially be the case if the results were combined with information about buildings’ 
temperature requirements and the density of heat demand at street-by-street level. 

Our aim has been for the outputs to correlate as well as possible with real-world 
opportunities, while avoiding modelling factors that influence viability in subjective rather 
than objective ways. The national assessment acknowledges, and allows space for the 
influence of, local complexity while delivering a single assessment for the whole of Scotland. 

3.4 Non-technical objectives 
Non-technical objectives for the national assessment included: 

• Geographic inclusivity – giving all areas of Scotland an equal ‘chance’ when it came 
to the identification of opportunities, after heat demand distribution is taken into 
account. 

• Technical inclusivity – representing a range of possible scales, heat sources and 
network archetypes that can form viable low temperature heat networks. 

• Replicability – developing a methodology that can be followed by others in the 
future to update results and further heat decarbonisation objectives. 

3.5 Elements excluded from the national assessment 
Table 1 lists the main types of low temperature heat network opportunity that are excluded 
from the national assessment for reasons of data unavailability, output useability, 
dependence on local energy planning outcomes and/or the need for focus on ‘mainstream’ 
and lower-risk opportunities.  
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Excluded type of opportunity Justification of exclusion 

Existing low temperature heat networks Data unavailability 

Isolated smaller-scale low temperature heat 
network schemes 

Output useability – see Section 4.2 and 
Appendix A Section 4.2.3 

Low temperature heat networks that could be 
installed to serve groups of new buildings 

Data unavailability 

Low temperature heat networks that would be 
made viable by the fact that they serve cooling 
customers as well as heating customers 
(“ambient loop heat networks”) 

Data unavailability (although some 
potential cooling customers have been 
identified) 

Low temperature heat networks involving inter-
building distances of more than 1 km 

Need for focus on ‘mainstream’ and 
lower-risk opportunities - see Sections 
4.2 and Appendix A Section 4.2.1.4  

Smaller-scale opportunity delineation within 
areas of very high heat demand or very high 
property counts  

Dependence on local energy planning 
outcomes – see Section 4.3 and 
Appendix A Section 4.2.4 

Table 1: Summary of elements known to be excluded from the national assessment 

 Summary of methodology 
This section summarises how the assessment identifies and characterises potential 
opportunities for low temperature heat networks. 

The methodology for the national assessment was not developed in isolation. Several 
opportunities were created for stakeholders to consider and provide feedback on the 
methodological approach and many of the most influential decisions that were made. 
Stakeholder engagement covered the ways that information is presented and concepts 
communicated, in addition to the analytical processes that produce information outputs. 

This chapter summarises the methodology in non-technical language, focusing on the 
concepts used rather than the sequential actions performed. Limitations of the research are 
discussed at the end of this chapter. Fuller detail of the methodological approach, 
justification of the decisions made, and the steps executed is set out in Appendix A. 

The key data sets used as inputs were the Scotland Heat Map 2022, Home Analytics v4.1, 
Non-Domestic Analytics v2.0 and Green Heat in Greenspaces, supported by various 
Ordnance Survey and open government datasets. Input datasets were assessed in terms of 
data quality and the risks associated with uncertainty and inaccurate data. Where required, 
mitigating actions were taken. Mitigating responses included imposing limits on the 
influence of outlier heat demands and grouping quantitative data into bands to address 
concerns regarding the data’s consistency between different parts of Scotland.  
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The key outputs are geospatial polygons and point data that represent low temperature 
heat network opportunity locations, as well as some other features that help to enrich the 
understanding of the opportunities. Values in the datasets produced were aggregated to 
produce national and local summary results. Visual presentations of the data outputs were 
developed to enrich their interpretation and make them accessible to a wider audience. 

The main steps followed included: 

• Proximity analysis using a large dataset of potentially suitable heat demands and their 
relative locations – resulting in groupings of nearby heat demands; 

• Application of constraints such as physical barriers and the size of the opportunities 
identified – resulting in geospatial features that represent Communal Opportunities, 
Multi-Building Opportunities and High Property Count Areas; 

• Characterising opportunities via integrating additional datasets and performing 
calculations which aggregate information relating to all the heat demands within each 
opportunity – resulting in datasets that enrich the geospatial features. 

The methodology aimed to identify clusters of heat demands that correlate reasonably well 
with real-world opportunities for low temperature heat network deployment but aimed to 
minimise the influence of more subjective assumptions. This means applying a relatively 
small number of selection criteria in the proximity analysis and constraints application 
stages but attaching a much wider range of informative attributes to the groupings once 
they had been created.  Attributes selected included (among other parameters) property 
tenure, existing heating fuel usage and existing heating systems. The attribute selection 
responded to user needs as expressed in stakeholder consultations. The geospatial data 
presentations give users the ability to zoom in on specific places and see information that 
helps them to investigate which buildings are likely to be able to connect to a network and 
which ones aren’t. The appended information will help stakeholders to understand how 
good a particular opportunity is compared to all the others in their region or in the whole 
country, according to their own views on what makes an opportunity ‘good’. Users can also 
filter the long list of opportunities in order to only focus on those which possess certain 
characteristics, such as those located in regions of more constrained electrical grid capacity 
or those featuring a certain percentage of properties which are electrically heated. 

Quality assurance of the methodology and the assumptions made was carried out by the 
researchers, and separately by Scottish Government representatives. A more detailed 
description of quality assurance checks is provided in Section 6 of Appendix A. 

4.1 Heat demand proximity analysis 
At a nationwide scale, three elements make more difference than anything else to the 
strength of an opportunity for low temperature heat networks: 

• how close buildings or properties are together;  
• whether buildings are divided into flats and other types of units like shops; and 
• how much heat is needed by the properties. 

The Scotland Heat Map dataset provides information on the locations of almost every 
building in Scotland, along with an estimate of how much heat each property needs (or in 

https://uoe.sharepoint.com/sites/ClimateXChange/Shared%20Documents/Comms/www.climatexchange.org.uk


National assessment of low temperature heat network opportunities| Page 16 

www.climatexchange.org.uk 

some cases, the heat it actually uses). To identify places where these elements come 
together in promising ways, we converted each property’s heat demand into a spatial 
distance proxy, representing the distance over which it may be viable to connect to 
neighbouring properties. The proxy represents an estimate of the real-world distance over 
which it could be viable for that property to share heat network infrastructure with a 
neighbour or neighbours. We designed a process that identifies when two or more 
properties’ proxy distances overlap, a circumstance that indicates that they could be part of 
the same low temperature heat network opportunity. This process generates many 
groupings of heat demands, each of which is reasonably ‘heat dense’.  

4.1.1 Building inclusion and exclusion 

Estimates for the heat demand of almost every building in Scotland are contained in the 
Scotland Heat Map (SHM). We removed around 10% of the heat demands from the dataset 
because they are unlikely to be able to benefit from a low temperature heat network 
connection: 

• all heat demands less than 5,000 kWh per year (for which another zero-emissions 
heating system is likely to be lowest cost); and 

• non-domestic heat demands with building use classifications that indicate a high 
likelihood that their heat demand is dominated by temperature requirements that 
exceed those which can normally be produced through networked heat pumps, or 
that are likely to have minimal or no heat demand. The list of excluded use classes is 
reported in Table 16 in Appendix A, Section 4.3.1. 

We also removed heat demands which had been marked as likely to have issues in the 
dataset (for example, if the creators of the dataset considered that a building’s use 
classification indicated that it would not be expected to have a heat demand). The 
remaining SHM heat demand estimates were used for the calculation of the maximum 
connection distance for each of around 2.5 million properties in Scotland.  

Domestic buildings’ suitability for networked heat pumps was not used as a criterion for 
excluding any heat demands from the analysis. It was assumed that there is a route to heat 
pump suitability for almost all domestic buildings. Where modifications are required (and in 
many instances they are not) they can include energy efficiency improvements and/or the 
upgrading of radiators and other types of heat emitter. High temperature ground source 
heat pumps (those able to output heat at more than 65°C) are an alternative way to 
successfully heat more challenging dwellings via low temperature heat networks.  

Similarly, it was assumed that non-domestic buildings using energy for space heating and 
hot water generation are also almost always potentially suitable for connection to a low 
temperature heat network. 

No screening was carried out by local authorities or other project partners. 

4.2 Constraints on opportunity size and network reach 
Our process mapped certain features of the physical world which are difficult and expensive 
for heat networks to cross - things like rivers, railways and big roads – so that they can exert 
constraints on how heat demands are grouped together into ‘opportunities’.  
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We determined that the national assessment would only map and characterise 
opportunities where at least ten homes could be connected to a network, or five buildings 
or units that are not homes. If there is a combination of homes and other types of property, 
a formula that weighs them up: 

(number of domestic heat loads) + 2 x (number of non domestic heat loads) ≥ 10 

However, it is important to understand that low temperature heat networks can still be a 
good idea for smaller groups of buildings. A review of 34 operational Shared Ground Loop 
schemes in the UK (Barns et al., 2026) found that 13 of 34 (38%) schemes connected fewer 
than 20 heat pumps, with the minimum number of heat pumps being two. The restriction 
on size adopted in this research ensured that the number of opportunities identified was 
large but reasonable but does not imply that smaller schemes do not represent 
opportunities.  

When identifying spatially dispersed opportunities, we made sure that the distance 
between buildings within an opportunity area does not risk being unrealistically large (while 
recognising that in exceptional circumstances, connections exceeding the 1 km threshold 
adopted could be feasible). 

4.3 Distinct types of opportunity 
An important distinction between two types of low temperature heat network concerns the 
number of buildings which are served by the network. Our process separated ‘Communal 
Opportunities’ (blocks of flats, tall tenement buildings and large multi-occupancy 
commercial buildings) from opportunities that consist of clusters of separate buildings. 

Some areas in Scotland are particularly ‘heat dense’ – either they have a great number of 
heat demands close together, or there are multiple buildings present that demand 
especially large quantities of heat. Often both of these circumstances are present. These 
areas cover many of Scotland’s city centres and the centres of larger towns; they are also 
sometimes found in industrial areas or around very large hospitals. These areas often have 
significant overlap with the areas that have previously been identified as promising for the 
development of high temperature heat networks. Many options are likely to exist regarding 
the types and sizes of low temperature scheme that could be built within heat-dense zones. 
For example, a single large scheme could be viable – but it may also be possible to develop 
multiple smaller schemes or to develop in phases.  

The proliferation of options for both high and low temperature heat networks means that it 
is particularly important that strategic energy planning is carried out before decisions are 
made about what should be built where. To avoid implying that any one technological 
solution is best within the more heat dense zones, and to recognise the possibility that 
many separate schemes could be developed within those areas, we separated them from 
smaller Multi-Building Opportunities. This was done simply on the basis of the number of 
heat demands (above or below 1,000). These areas with over 1,000 heat demands were 
referred to as High Property Count Areas (HPCAs).  

It was found that the total heat demand of all properties within some HCPAs exceeded 
100,000 MWh per year. This sub-group was referred to as High Heat Demand Areas. No 
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Multi-Building Opportunities had total heat demands exceeding 100,000 MWh per year. 
Therefore, all High Heat Demand Areas were also High Property Count Areas. 

4.4 Characterising opportunities 
The previously described process of heat demand proximity analysis, barrier mapping, and 
opportunity classification generates a list of places where there are likely to be good 
prospects for constructing a low temperature heat network. (Whether or not a low 
temperature heat network is the best solution to decarbonising heat in that place has not 
been assessed through this research.) These places can be depicted on a map of Scotland or 
of a smaller area within Scotland, showing them either as singular points, as spatial areas or 
as indicators of the number and/or density of opportunities within a larger area.  

In addition to the locations of opportunities, stakeholders have interest in other aspects of 
the spatial areas that they represent, the buildings within them and the people that live and 
work there. We researched what is most important for stakeholders through information-
gathering workshops and a questionnaire. Wherever possible the data that is expected to be 
most valuable has been appended to the spatial datasets of opportunities such that a 
specific opportunity in a specific place is richly characterised. We generated quantitative 
summaries of the characteristics of opportunities across different geographical groupings, 
including the whole country and each local authority area.  

Much less detailed characterising information was calculated for High Property Count Areas 
and High Heat Demand Areas than was the case for Multi-Building Opportunities. This 
choice reflects the fundamental difference between how larger and smaller opportunity 
groups should be approached. For larger groupings, including High Property Count Areas 
and High Heat Demand Areas, detailed local energy planning is essential to establish which 
low temperature heat network options exist and how they compare to other options. 
Furthermore, the large number of demands present in these areas means that aggregated 
information is less relevant and meaningful as an indicator of the characteristics of potential 
low temperature heat network schemes than is the case for smaller groupings of properties.   

4.4.1 Linking heat sources to opportunities 

A viable heat source for low temperature heat networks is present in almost all locations in 
Scotland. Closed loop boreholes are near-universally feasible and can be considered to be 
the default heat source for any of the opportunities identified (while recognising that space 
constraints may limit the amount of heat that can be extracted and supplied to a network). 
Open loop boreholes are less widely feasible but can offer significant advantages over 
closed loop boreholes. Often ground heat collectors of either type can be installed in close 
proximity to the heat demands connected to the network. In some circumstances, it can be 
beneficial to construct them at some distance from the heat users in order to access larger 
open spaces or more favourable construction conditions. 

Where they exist and are feasible, alternative heat sources may offer capital and/or 
operating cost advantages over ground heat collectors. It may be feasible to use a mix of 
heat sources to supply larger-scale networks. Alternative heat sources include water bodies 
(rivers, lochs, the sea) and waste heat that can be captured from various industrial, built 
environment and waste management sources. 
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The viability of using a particular heat source to serve a particular heat network depends on, 
among other factors, the amount of heat that can be transferred and the distance over 
which a connecting pipe route must be constructed. A proximity analysis process was 
carried out to match non-contiguous (e.g. located at a distance) heat sources to low 
temperature heat network opportunities. The heat sources included in this process were 
green spaces, water bodies and waste heat. Where a heat source was found to be closer 
than the calculated maximum distance (capped at 1 km), it was ‘linked’ to the heat network 
opportunity and a set of characteristics appended to the geospatial feature that represents 
the opportunity. Separately, the linked waste heat sources were assembled into a dedicated 
dataset of geospatial points with characterising attributes. 

4.4.2 Low temperature heat network archetypes 

To enable an intuitive understanding of the diverse types of low temperature heat networks 
and their prevalence within the opportunities identified by the national assessment, we 
classified the opportunities as belonging to one or more ‘archetypes’. We used the list of 
archetypes presented in the South of Scotland Heat Network Prospectus (with minor 
modifications), which group networks according to geographic context and/or the socio-
technical drivers that justify their development. Our methodology developed new logical 
and quantitative criteria for archetype classification, allowing thousands of opportunities to 
be classified automatically rather than manually. 

A brief description of each archetype and the criteria for classifying an opportunity are: 

• Communal Opportunity – A network that could serve multiple properties within the 
same building. Communal Opportunities include blocks of flats, tall tenements and 
taller multi-property commercial buildings. These are identified where multiple heat 
demand records occupy the same building footprint polygon, and where the 
majority of records have building height (to the top of the walls) greater than 7.5 
metres.  

• Multi-Building Opportunity – The counterpoint to a Communal Opportunity, i.e. a 
group that includes heat demands spread across several spatially separated 
buildings. Multi-Building Opportunities were defined as containing fewer than 1,000 
individual heat demands. 

• Anchor Load-Led – A Multi-Building Opportunity that features one or more anchor 
load heat demands within its boundaries. Anchor loads are large heat users that can 
provide a network with higher revenue certainty and/or introduce economies of 
scale that benefit the network as a whole. For the purposes of the national 
assessment, an anchor load has been defined as a non-domestic building with an 
estimated annual heat demand exceeding 200 MWh per year (or 100 MWh per year 
if it is a public sector building). 

• Heat Source-Led – A Communal Opportunity or Multi-Building Opportunity that has 
been linked to a nearby but non-contiguous heat source (waste heat, blue space or 
green space). 

• Street Scale – A Multi-Building Opportunity covering a total area of less than 3,000 
square metres. 

• Urban Neighbourhood Scale – A Multi-Building Opportunity covering a total area of 
more than 3,000 square metres but less than 100,000 square metres. At least 80% of 
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heat demands in the cluster must be classed as ‘urban’. Occasionally, this archetype 
covers entire settlements. 

While High Property Count Areas and High Heat Demand Areas (introduced in Section 4.3) 
are not low temperature heat network archetypes as such, their definitions should be 
considered alongside the above archetypes. This is because they effectively place an upper 
limit on the scale of any of the above archetypes (as they have been defined by this 
research): 

• High Property Count Area – A grouping of more than 1,000 heat demands identified 
through the heat demand proximity analysis process.  

• High Heat Demand Area – A grouping of heat demands whose total heat demand 
exceeds 100,000 MWh per year. (This national assessment found that all High Heat 
Demand Areas were also High Property Count Areas.) 

4.4.3 Other characteristics 

In addition to the characterising information described earlier in this chapter, data 
concerning the following topics was added to the geospatial features that represented 
Communal Opportunities and Multi-Building Opportunities: 

• Information about the locality: local authority, Data Zone, urban or rural 
classification, on- or off-gas status, indicators of the status of the electricity grid 

• Information about buildings: counts of domestic and non-domestic properties, 
building age, heritage status, categorisations familiar to local authorities 

• Heat demand information: total heat demand, statistics about existing heating fuels 
and heating systems 

• Social information: measures of deprivation, information about social tenure versus 
other types, and estimates of the likelihood of fuel poverty 

• Information on heat sources: number of potentially suitable waste heat sources, 
green spaces and water bodies matched with the opportunity 

Detailed data on geological favourability is available through the British Geological Survey’s 
online UK Geothermal Platform. Although integration with the national assessment was 
initially considered, data sharing limitations prevented the inclusion of UK Geothermal 
Platform data within the research’s data outputs. Users of the national assessment data 
outputs are encouraged to access the UK Geothermal Platform to obtain information about 
the estimated yield of closed loop and open loop boreholes within a geographic area of 
interest. The capacity of identically specified closed loop boreholes could vary by a factor of 
two between the opportunity locations identified through this research, although about 
around three quarters of opportunities lie within 10% of the mean capacity. Only a minority 
(less than 2%) of opportunities are located in areas where the dataset indicates that there is 
likely to be potential for open loop boreholes. 
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4.5 Limitations of the research 
4.5.1 Input datasets 

Three main datasets drive the identification of opportunity groupings and provide the 
majority of the characterising data that applies to them: Home Analytics, Non-Domestic 
Analytics and the Scotland Heat Map. 

Other than its location relative to others, the estimated heat demand of a particular address 
is the main parameter that determines whether it is included in an opportunity grouping or 
not. The vast majority of the heat demand estimates in the dataset used are modelled 
values rather than measured values, although the type of modelling involved (and its 
inherent uncertainty) varies. Uncertainty in the heat demand estimates could lead to fewer 
(or more) opportunities being identified than would have been the case had more accurate 
data been available. The size of the opportunities identified would have also been affected. 
However, in our methodology an evidenced general trend for overestimated heat demands 
is counteracted by the selection of reasonably conservative assumptions for proximity 
analysis. 

Heat demand estimates for non-domestic properties are much more likely to have been 
inferred from very basic information, and so lower confidence can be placed in their 
modelled heat demand estimates in general. The heterogeneity of non-domestic properties 
further reduces the confidence that can be placed in their heat demand estimates 
regardless of the type of modelling involved. 

Misclassification of buildings in terms of use will have occasionally led to their exclusion 
from the dataset used to identify opportunities. This would have resulted in their exclusion 
from opportunity groupings and could have potentially (but infrequently) caused entire 
opportunities to be missed. Misclassification will have occasionally led to the erroneous 
inclusion of buildings that are not actually good candidates for connection to low 
temperature heat networks. Where this has occurred, identified opportunities will have 
been more numerous and/or larger than they should have been.  

The datasets are unavoidably biased towards newer, urban properties that have recently 
been built, bought, sold or had significant retrofit work completed (thus triggering the 
requirement for an Energy Performance Certificate to be produced and lodged). This means 
that, in general, there is lower confidence in the data reported for rural areas. 

A significant proportion (around half) of the other characteristics that derive from Home 
Analytics, Non-Domestic Analytics and the Scotland Heat Map and are calculated for or 
applied to opportunities are modelled data rather than measured data.  

Occasional mismatches between how the three datasets represent (or do not represent) 
particular properties are infrequently responsible for proportions not summing to 100% or 
components not summing to the exact numerical total expected. These inaccuracies are 
generally negligible in scale in comparison to the values they affect.  

Further comment on the accuracy of the Scotland Heat Map heat demand estimates, and 
the opportunity characteristics that derive from it and its related datasets, is made in 
Appendix A.  
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4.5.2 Assumptions 

The assumptions for which uncertainty has the greatest impact on the results are those 
used in the proximity analysis to form groupings of buildings that represent low 
temperature heat network opportunity locations. These assumptions are explored in more 
detail in Section 4.2.1.1 of Appendix A. 

Further influential assumptions concern the distances across which heat sources can be 
matched to opportunities, and the building use types that were assumed to be unsuitable 
for connection to a low temperature heat network. These topics are discussed respectively 
in Sections 4.2.7 and 4.3.1 of Appendix A. 

4.5.3 Other limitations 

The elements excluded from the national assessment are listed in Section 3.5, along with 
justification for their exclusion. 

 Findings from the research process 
This chapter summarises key conceptual findings from the research process, including 
insights from previous work and stakeholder engagement.  

We focus on the conceptual findings developed through a desk study of relevant past 
approaches (both research and policy implementation initiatives) and a series of 
stakeholder engagement activities. These findings informed both the development of the 
methodology and the formation of conclusions from the results of the assessment. 

It complements the quantitative results to be presented in Chapter 6. 

5.1 Relevant past approaches and ongoing initiatives 
The First National Assessment of Potential Heat Network Zones (Zero Waste Scotland, 
2022a) and the Methodology guidance documents produced to support the development of 
LHEES introduced a standardised methodology for identifying opportunities for high-
temperature heat networks within local areas or at a national scale. The First National 
Assessment and the earlier stages of heat network zone identification in the LHEES 
development process both represent top-down, data-driven approaches. They used heat 
demand proximity analysis as a key tool for grouping individual heat-using properties into 
proto-networks or zones in which it was thought that high temperature heat networks had 
the potential to be viable. 

In their work for the Argyll and Bute LHEES (Argyll and Bute Council, 2024), Zero Waste 
Scotland and Buro Happold applied a similar heat demand proximity analysis method to 
identify Shared Ground Loop heat network opportunities. Adapting it to low temperature 
heat networks, the researchers selected different assumptions regarding the relationship 
between a property’s heat demand and the maximum distance over which it could be linked 
to another within a grouping. The geographic focus – smaller towns and villages in Argyll 
and Bute – meant that physical barriers to heat network construction were not often 
present within the opportunity groupings that were identified, and that areas with very high 
property counts or very high total heat demands were not encountered. Heat sources other 
than nearby ground heat collectors were also not investigated. 

https://uoe.sharepoint.com/sites/ClimateXChange/Shared%20Documents/Comms/www.climatexchange.org.uk


National assessment of low temperature heat network opportunities| Page 23 

www.climatexchange.org.uk 

In 2025, South of Scotland Enterprise, Scottish Borders Council and Dumfries and Galloway 
Council published the South of Scotland Heat Networks Prospectus (South of Scotland 
Enterprise, 2025). This work identified 12 low temperature heat network opportunities 
across the region, spanning a range of sizes, heat sources and built environment contexts. 
The Prospectus classified these 12 opportunities as belonging to one or more low 
temperature heat network archetypes. The list of 7 archetypes included settlement-wide, 
urban neighbourhood, new developments, anchor load-led, blocks of flats, street and heat 
source-led. 

Nesta’s work on Clean Heat Neighbourhoods (ongoing at the time of publication) is 
exploring how open data can be used to develop neighbourhood-scale plans for 
transitioning to clean heat. Low temperature heat networks are one of the technologies 
assessed in Nesta’s work, which has also developed an approach which estimates which 
low-carbon heating technologies (also including high temperature heat networks and 
individual heat pumps) are suitable for each domestic address in Great Britain.  

5.2 Stakeholder views  
The development of the methodology for the national assessment was supported by a 
multi-stage programme of stakeholder engagement involving a broad range of 
organisations. A series of four stakeholder events were delivered during the research 
period, comprising two workshops in August 2025 and two workshops in November 2025. In 
addition, an online questionnaire and a series of one-to-one meetings supplemented the 
findings from the workshops. More detail is available in Section 4.1.1 of Appendix A. 

5.2.1 Concepts presented 

Stakeholders were given an overview of our proposals with respect to the research 
objectives. They heard our interpretation of who the users of the research outputs might 
be, and what specific needs they have. We introduced some relevant existing research 
approaches and policy implementation activities that offered lessons for our work. 

• The strategic approach taken: minimising the number of subjective factors that 
influence opportunity identification, but richly characterising the opportunities 
identified so that users can perform their own screening and prioritisation. 

• The proposed mechanics of the heat demand proximity analysis, and proposals for 
the key assumptions that underlie it (explored in Section 4.2.1 in Appendix A). These 
assumptions are among the most critical decisions made regarding the national 
assessment methodology because they determine the distance over which each heat 
demand is able to connect to neighbours. In turn, this influences which groupings are 
identified and where. 

• How we proposed to deal with taller, multi-occupancy buildings like flats. 
• The proposed method for matching low temperature heat network opportunities 

with potentially suitable heat sources that are located some distance away from 
them (explored in Section 4.2.7 in Appendix A). 

• The formats that the research outputs were envisaged to take. 

Stakeholders were presented with some initial outputs from test runs of the opportunity 
identification and characterisation process. This allowed discussion of the degree to which 
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the opportunities found matched with stakeholders’ expectations, and the development of 
ideas regarding visual presentation. 

5.2.2 Outcomes 

In the earlier of two stakeholder consultation exercises, stakeholders were able to confirm 
that the datasets that we proposed to use were fit for purpose. That said, some limitations 
of those datasets were identified. Additional data sources were suggested for consideration. 

Stakeholders identified common traits of promising opportunities that included the 
presence of anchor loads (schools, NHS sites), off-gas areas, and potential for community 
ownership. Viability was stated to be influenced by grid capacity, geology, visual impact, and 
retrofit feasibility. High social impact and alignment with existing programmes (such as 
External Wall Insulation programmes) were also felt to be strongly beneficial. 

Participants in workshops gave their view on terminology, leading to the adoption of terms 
like Communal Opportunity, Multi-Building Opportunity and High Property Count Areas in 
this report and the project’s data outputs. 

Stakeholders stressed the importance of the outputs of the national assessment being 
tailored to different audiences. These include use cases such as feasibility funding, 
community awareness, and strategic planning. Stakeholders were able to suggest some of 
the evaluation metrics that they would use to assess low temperature heat network 
opportunities. Information has been provided as part of the project’s data outputs to enable 
some of these to be directly assessed. Others were not possible to include but have 
informed our conclusions regarding how users can improve upon our outputs with locally 
relevant information, or how further work at a national scale could enhance the aims of this 
research. 

Overall, the stakeholder engagement activities have provided evidence that: 

• the methodology applied to deliver the national assessment is appropriate, and 
likely to achieve ‘buy-in’ from users of its results; 

• the major user groups and their needs have been considered when planning the 
research outputs; 

• the design of the main visualisations of output data is adequately clear, enabling 
address-level precision to users with access to the Scotland Heat Map dataset (and 
to all users, albeit with lower accuracy). 

5.3 Factors influencing opportunity viability and benefits 
Through desk research and stakeholder engagement we developed a list of the main factors 
that influence the viability of low temperature heat networks, based on available national-
scale datasets. Some of the factors can have both positive and negative impacts on network 
viability, or will be assigned very different levels of importance to different stakeholders. 
The factors identified are listed in Table 2, which arranges them roughly in order of how 
objective or subjective their impact is. How the methodology approached each of these 
factors is discussed in Section 4.2 of Appendix A. 
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The potential for low temperature heat networks to benefit from electricity system 
flexibility (for example by the charging of thermal storage) was queried by stakeholders, but 
it was concluded that this was not of strong relevance to the national assessment. 

More 
objective 
factors, 
clearer 

relationship 
with viability 

 

 

Presence of grid or micro-grid electricity supplies1 

Proximity of heat-using properties relative to their total annual heat 
demands 

Presence of physical barriers to the installation of heat network 
infrastructure 

Presence of anchor loads (properties that use large amounts of heat) 

Geological favourability, where sub-ground conditions are known (for 
ground source systems) 

Presence of potentially suitable waste heat sources 

Presence of potentially suitable green space and/or water bodies 

Number of connections within a low temperature heat network 

More 
subjective 

factors, less 
clear 

relationship 
with viability 

(may be 
positive or 
negative) 

Presence of cooling demand 

Property tenure 

Property age and heritage designations 

Interaction with the planning of other local energy infrastructure, including 
high temperature heat networks 

Current and future status of local and regional electricity grid infrastructure 

Existing heating fuels and heating systems (including internal heat 
distribution systems and heat emitters like radiators) 

Building energy efficiency 

Presence and severity of fuel poverty 

Table 2: Factors influencing low temperature heat network opportunity viability and benefits, loosely 
arranged from most objective to most subjective 

 

 
1 Grid electricity connections are near-universal in Scotland, with the notable exception of 
some islands, remote communities and very remote rural properties. The national 
assessment has not excluded known off-grid locations. We expect that, in the very rare 
cases that opportunities are identified in such places, most users will be aware of the 
constraints that apply. More information can be found in Section 4.2.6 of Appendix A. 
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5.4 Policy-relevant findings 
5.4.1 Carbon emissions reduction potential 

The national assessment aims to support the Scottish Government’s priority to reduce 
greenhouse gas emissions in the building sector. Low temperature heat networks in each of 
the opportunity locations identified in the national assessment have the potential to reduce 
greenhouse gas emissions, provided that the network is replacing polluting or less efficient 
heating systems. The calculation of greenhouse gas emissions reduction potential is 
straightforward but requires a timescale to be selected for the assessment. This is because 
the electricity grid is in the process of decarbonising, so the emissions associated with 
electricity used by heat pumps (and network circulation pumps, if present) depend on the 
point of assessment. Another necessary assumption is the average efficiency (or seasonal 
performance factor) of the heat pumps that would be connected to the network.  

A further complication is presented by the fact that, on average, the real-world heat 
consumption of domestic properties is lower than the estimated heat demands present in 
the dataset used. If scaled up to a large group of buildings, a region, or the country, this 
could result in an overestimation of the carbon savings potential of low temperature heat 
networks. It is also reasonable to assume that not all properties within an area covered by a 
low temperature heat network opportunity will actually connect to a developed scheme. 

The characterising attributes of the opportunities identified include calculated total heat 
demands within the opportunity disaggregated by current heating fuel (mains gas, 
electricity, other). Users can apply derating to these totals if desired before multiplying 
them by their chosen emissions factors to calculate the ‘business as usual’ emissions from 
heating against which heat network emissions can be compared. 

5.4.2 Proximity to existing and planned high temperature heat networks 

Low temperature heat network opportunities often have significant overlap with the areas 
previously identified as promising for the development of high temperature heat networks. 
Within any of the areas of opportunity for low temperature heat networks identified by our 
research, it is possible that high temperature heat networks already exist or may be planned 
to be built. However, this is more likely to be the case in urban centres. In these places, low 
temperature heat networks may still be viable around the ‘edges’ of the high temperature 
networks. This finding is supported by Barns et al. (2026), who mapped the city of Leeds’s 
indicative Heat Network Zone alongside its existing city centre heat network and 30 
separate Shared Ground Loop schemes, observing the low temperature heat networks 
existing outside of or close to the periphery of a high temperature heat network zone. 

Proximity to existing and/or planned high temperature heat networks was not used as a 
criterion for the identification of low temperature heat network opportunities, nor was it 
possible to incorporate information on potential overlaps when characterising 
opportunities. Readers and users of the project data outputs are encouraged to view them 
alongside the latest available information about high temperature heat network locations 
(existing and prospective) from sources such as LHEES, published information about 
schemes that are in development and Heat Network Zone designations. 
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5.4.3 Potential for community-led development or community ownership 

Low temperature heat networks can be developed by communities, and it is also possible 
for communities to own and operate them in a similar way to other local energy 
infrastructure. The potential for community involvement in low temperature heat networks 
is difficult to assess through a data-driven approach. However, the results of the national 
assessment could be compared with maps of active community energy and local climate 
action organisations to identify locations where there might be potential. 

5.4.4 Urban or rural geography 

A typical feature of urban locations that makes low temperature heat networks more viable 
is higher heat demand density (more properties and more total heat consumption per 
metre of street or per square metre of neighbourhood). On the other hand, rural areas can 
offer lower costs for the installation of buried pipework. This is thanks to them typically 
having more unpaved public areas, and simpler layouts for existing buried services like 
water mains and electricity and communication cables. Where there is ample green space, 
ground source heat collectors located in trenches (rather than boreholes) are an option. 
Trenched solutions can reduce costs and increase viability. 

Urban and rural communities experience different challenges for decarbonising which are of 
interest to policymakers. Firms involved in the construction of low temperature heat 
networks may view urban and rural locations differently in terms of the projects that they 
target. The national assessment results report the percentage of heat demands within an 
opportunity grouping that are classified as urban. 

With some notable exceptions in the Highlands and Islands, urban areas in Scotland are 
normally served by gas networks. Many rural areas are not. Scottish Government policy and 
individual LHEES distinguish between ‘on gas’ and ‘off gas’ buildings. The percentage of heat 
demands that are ‘off gas’ within each opportunity grouping was calculated and reported as 
an opportunity characteristic. 

 Summary of results from the national assessment  
This chapter summarises the key quantitative results of the national assessment, including 
the scale, distribution and characteristics of identified opportunities. 

The national assessment has generated datasets which represent the low temperature heat 
network opportunities identified, as well as some features that further enrich the 
understanding of those opportunities. This chapter presents quantitative results that 
summarise the opportunities (and their characteristics) across different geographical 
groupings, including the whole country and each local authority area. It also presents a 
selection of charts that communicate the distributions of results across different 
parameters. The results presented in this chapter should be viewed with consideration of 
the caveats expressed in Section 3.1.1 and elsewhere in preceding chapters. Importantly, 
they represent a first-pass assessment of low temperature heat network opportunities 
rather than a definitive list. They derive from national-scale datasets only (not incorporating 
more localised information) and the assessment carried out is very much less detailed than 
a feasibility study. The low temperature heat network opportunities have not been 
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compared against other zero-emissions heating solutions, and represent potential 
technological solutions rather than optimum solutions. 

6.1 Opportunity numbers, heat demands and property counts 
The national assessment identified a total of 11,109 Multi-Building Opportunities and 
16,985 Communal Opportunities. These opportunity groupings represent around 500,000 
and 400,000 dwellings respectively. There are around 50,000 non-domestic properties 
within each type of opportunity. The heat demand represented by these opportunities 
combined amounts to over 20 TWh/yr. 

Table 3 summarises the number of opportunities identified in each local authority area. 

Region Local authority 
Number of Multi-
Building 
Opportunities 

Number of 
Communal 
Opportunities 

Total number of 
opportunities 

Scotland Dumfries and Galloway 475 158 633 

South Scottish Borders 399 238 637 

Highland and Argyll and Bute 416 298 714 

Islands Comhairle nan Eilean Siar 65 0 65 

 Highland 781 262 1,043 

 Orkney Islands 45 11 56 

 Shetland Islands 
 

46 16 62 

Glasgow and East Ayrshire 339 138 477 

Strathclyde East Dunbartonshire 342 155 497 

 East Renfrewshire 223 191 414 

 Glasgow City 397 4223 4,620 

 Inverclyde 145 449 594 

 North Ayrshire 472 226 698 

 North Lanarkshire 678 556 1,234 

 Renfrewshire 264 722 986 

 South Ayrshire 292 210 502 

 South Lanarkshire 698 955 1,653 

 West Dunbartonshire 227 408 635 

Aberdeen Aberdeen City 198 1471 1,669 

And North Aberdeenshire 534 159 693 

East Moray 212 60 272 

Edinburgh City of Edinburgh 614 3066 3,680 

and Lothians East Lothian 238 175 413 

 Midlothian 180 71 251 

 West Lothian 352 254 606 

Tayside,  Angus 322 207 529 
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Region Local authority 
Number of Multi-
Building 
Opportunities 

Number of 
Communal 
Opportunities 

Total number of 
opportunities 

Central and Clackmannanshire 139 55 194 

Fife Dundee City 92 880 972 

 Falkirk 315 284 599 

 Fife 1,011 596 1,607 

 Perth and Kinross 331 330 661 

 Stirling 243 153 396 

Opportunities spanning multiple 24 8 32 

 Total 11,109 16,985 28,094 

Table 3: Total numbers of Multi-Building and Communal Opportunities by local authority 
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Figure 3: Locations of potential opportunities (Multi-Building Opportunities and Communal 

Opportunities combined) 
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Region Local authority 
Total heat demand of 
Multi-Building 
Opportunities (MWh) 

Total heat demand of 
Communal Opportunities 
(MWh) 

Scotland Dumfries and Galloway 709,377  51,143  

South Scottish Borders 472,610  102,274  

Highland and Argyll and Bute 503,311  84,467  

Islands Comhairle nan Eilean Siar 68,016  0  

 Highland 1,092,008  85,203  

 Orkney 108,410  3,644  

 Shetland 132,302  4,426  

Glasgow and East Ayrshire 321,202  38,852  

Strathclyde East Dunbartonshire 321,352  28,164  

 East Renfrewshire 150,170  42,159  

 Glasgow City 909,987  2,175,389  

 Inverclyde 223,439  126,560  

 North Ayrshire 432,086  81,850  

 North Lanarkshire 549,021  147,632  

 Renfrewshire 384,239  221,667  

 South Ayrshire 344,164  57,670  

 South Lanarkshire 662,284  191,348  

 West Dunbartonshire 269,856  85,847  

Aberdeen Aberdeen City 231,528  478,742  

And North Aberdeenshire 914,718  44,130  

East Moray 387,631  20,997  

Edinburgh City of Edinburgh 735,461  1,556,994  

and Lothians East Lothian 287,204  45,359  

 Midlothian 212,576  13,102  

 West Lothian 439,929  52,537  

Tayside,  Angus 358,895  67,943  

Central and Clackmannanshire 132,185  11,297  

Fife Dundee City 128,287  299,722  

 Falkirk 321,237  73,368  

 Fife 1,060,077  218,985  

 Perth and Kinross 557,970  104,302  

 Stirling 363,906  60,861  

Opportunities spanning multiple 214,523  6,446  

 Total  13,999,962   6,583,080  

Table 4: Total heat demand within Multi-Building and Communal Opportunities by local authority 
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Figure 4: Total heat demand of potential opportunities (Multi-Building Opportunities and Communal 

Opportunities combined) within local authority boundaries 

Table 3 reports the number of opportunities of each type by the local authority within which 
they are located. Low temperature heat network opportunities can be found in each of 
Scotland’s 32 local authority areas. The more sparsely populated areas like the Orkney 
Islands, Shetland Islands and Comhairle nan Eilean Siar (Western Isles) still contain more 

https://uoe.sharepoint.com/sites/ClimateXChange/Shared%20Documents/Comms/www.climatexchange.org.uk


National assessment of low temperature heat network opportunities| Page 33 

www.climatexchange.org.uk 

than 50 opportunities each. The larger cities each contain several thousand opportunity 
groupings. The map in Figure 3 illustrates the geographic spread of the opportunities 
identified. 

Table 4 presents the total heat demand of each type of opportunity in each local authority 
area. This data confirms that, while the greatest potential in terms of total heat demand can 
be found in the larger cities, there is potential for supplying very significant amounts of heat 
through low temperature heat networks elsewhere in the country. Highland, Fife and 
Aberdeenshire stand out as areas with large quantities of heat demand contained within 
Multi-Building Opportunities. Figure 4 presents the total heat demand within both types of 
opportunity by local authority, using colour coding to differentiate between the areas with 
the lowest, medium and highest totals. 

 
Figure 5: Number of potential low temperature heat network opportunities, by scale of total heat 

demand within opportunity (within the range 0 – 1,000 MWh per year) 

 
Figure 6: Number of potential low temperature heat network opportunities, by scale of total heat 

demand within opportunity (within the range 1,000 – 10,000+ MWh per year) 
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Figure 5 and Figure 6 show the distribution of the low temperature heat network 
opportunities by scale, grouping opportunities according to their total heat demand. Around 
a third of opportunities (around 10,000) have a total heat demand between 100 and 200 
MWh per year each. This is roughly equivalent to the total heat demand of 10-20 typical 3-
bedroom homes. 

The majority (89%) of opportunities contain fewer than 100 dwellings and fewer than 10 
non-domestic properties. These represent 38% of the heat demand of all opportunities 
combined. 

The proportion containing fewer than 100 dwellings and fewer than 10 non-domestic 
properties is very similar for both Communal Opportunities and Multi-Building 
Opportunities (90% and 87% respectively). More than half contain less than 20 dwellings. 

Table 5 presents the total number of properties located within each type of opportunity in 
each local authority area. It confirms that Glasgow and Edinburgh contain the greatest 
numbers of properties included within both types of opportunity combined (but dominated 
by Communal Opportunities). Highland and Fife have the largest number of properties 
contained within Multi-Building Opportunities. 

Region Local authority 
Total number of 
properties within Multi-
Building Opportunities 

Total number of 
properties within  
Communal Opportunities 

Scotland Dumfries and Galloway 26,377  2,476  

South Scottish Borders 19,360  4,305  

Highland and Argyll and Bute 17,118  5,682  

Islands Comhairle nan Eilean Siar 2,111  0  

 Highland 36,765  4,139  

 Orkney 3,066  133  

 Shetland 3,516  212  

Glasgow and East Ayrshire 15,802  2,167  

Strathclyde East Dunbartonshire 13,328  2,735  

 East Renfrewshire 6,796  3,214  

 Glasgow City 24,542  146,839  

 Inverclyde 8,221  10,877  

 North Ayrshire 21,583  4,958  

 North Lanarkshire 29,882  11,967  

 Renfrewshire 12,065  16,493  

 South Ayrshire 13,339  3,722  

 South Lanarkshire 30,063  17,238  

 West Dunbartonshire 11,205  8,357  
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Region Local authority 
Total number of 
properties within Multi-
Building Opportunities 

Total number of 
properties within  
Communal Opportunities 

Aberdeen Aberdeen City 9,026  38,683  

And North Aberdeenshire 33,679  2,352  

East Moray 14,106  823  

Edinburgh City of Edinburgh 25,341  111,513  

and Lothians East Lothian 12,930  3,675  

 Midlothian 8,881  1,038  

 West Lothian 17,604  3,690  

Tayside,  Angus 13,293  3,585  

Central and Clackmannanshire 7,254  858  

Fife Dundee City 3,972  21,752  

 Falkirk 13,419  5,575  

 Fife 43,392  10,584  

 Perth and Kinross 20,385  6,994  

 Stirling 14,441  3,656  

Opportunities spanning multiple 4,945  121  

 Total  537,807   460,413  
Table 5: Total number of properties within opportunities by local authority 

6.1.1 High Property Count Areas and High Heat Demand Areas 

High Property Count Areas (HPCAs) were found in all of Scotland’s 32 local authority areas. 
There are HPCAs in every ‘Large Urban Area’ (areas with more than 125,000 population2) 
and the majority of ‘Other Urban Areas’ (areas with 10,000 to 124,999 population). Some 
‘Accessible Small Towns’ also have HPCAs. 

The HCPAs with heat demands exceeding 100,000 MWh per year are also High Heat 
Demand Areas. Table 6 reports the number and characteristics of the High Property Count 
Areas and High Heat Demand Areas (the High Heat Demand Area results being a subset of 
the High Property Count Area results). 

 

 
2 The categories used in this paragraph are those defined by the Scottish Government’s 6- 
and 8-fold urban-rural classifications. 
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High Property Count 

Areas 
High Heat Demand 

Areas 

Number of areas identified 345 45 

Total annual heat demand in MWh per year 20,486,063 7,126,080 

Total number of properties within areas 1,024,374 324,911 

of which domestic properties 926,210 294,237 

of which non-domestic properties 98,164 30,674 
Table 6: High Property Count Areas and High Heat Demand Areas results 

Figure 7 shows the distribution of HPCAs according to their total annual heat demand.  

  

Figure 7: Number of High Property Count and High Heat Demand Areas, by total heat demand 

6.2 Low temperature heat network archetypes 
Table 7 summarises the results of the national assessment, broken down according to the 
low temperature heat networks defined in Section 4.4.2. There is significant overlap 
between the groups belonging to each Multi-Building Opportunity archetype, which means 
that the disaggregated figures do not sum to the totals that apply to their parent category. 
This is because it is common for more than one archetype to apply to a Multi-Building 
Opportunity. 

It can be seen that a little over a fifth of Multi-Building Opportunities include one or more 
anchor loads. Half of these include public sector anchor loads, while three-quarters include 
non-public sector anchor loads. The Anchor Load-Led archetype was not applicable to 
Communal Opportunities. 

More than 85% of opportunities were matched with one or more nearby green spaces. 
22,348 (80%) of opportunities had been matched with between 1 and 5 green spaces. A few 
were matched with a large number of green spaces, with two instances featuring 74 and 96 
green spaces matches representing the extremes. In the locations with large numbers of 
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matches, many of the green spaces involved had relatively small areas (although still larger 
than 1,000 square metres). They included areas of roadside grass, open areas within 
industrial estates and around public buildings, and patches of uncultivated grassland or 
scrubland. The number of green space matches is a guide to the diversity of possible places 
where ground heat collection infrastructure could be located. However, it is not indicative 
of the total heat generation potential associated with green space within or close to a low 
temperature heat network opportunity. 

Overall, 3,668 opportunities (13%) were matched with one or more blue spaces. Most of 
these were matched with 1, 2 or 3 water bodies. A small number (52) of opportunities were 
matched with between 4 and 10 water bodies. 

In total, 132 opportunities were matched with waste heat sources, with the majority of 
these being matched with one nearby site where waste heat is expected to be available. 
Most of these matched waste heat sources have estimated supply capacities of up to 1,000 
MWh per year. However, a minority of the matched sources are estimated to be able to 
supply up to 10,000 MWh per year, and a few in excess of 30,000 MWh per year. 

 

Number 
identified 

Total heat demand 
within group 

(MWh per year) 

Number of 
properties 

within group 

All low temperature heat network 
opportunities 

28,094 20,583,042 998,220 

of which Multi Building Opportunities 11,109 13,999,962 537,807 

of which Communal Opportunities 16,985 6,583,080 460,413 

High Property Count Areas 345 20,486,063 1,024,374 

High Heat Demand Areas 45 7,126,080 324,911 

Multi Building Opportunities 11,109 13,999,962 537,807 

of which Heat Source-Led archetype 9,670 13,309,834 514,337 

of which Anchor Load-Led archetype 2,395 11,349,534 393,030 

of which Street Scale archetype 5,149 913,243 65,006 

of which Urban Neighbourhood Scale archetype 2,752 1,971,540 90,993 

Communal Opportunities 16,985 6,583,080 460,413 

of which Heat Source-Led archetype 15,501 5,915,943 420,343 

Heat Source-Led archetype 25,171 19,225,776 934,680 

of which matched with greenspace 24,504 18,450,639 916,717 

of which matched with a water body 3,668 7,476,261 261,550 

of which matched with a waste heat source 132 503,487 13,067 
Table 7: Summary of national results broken down by archetypes 
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6.3 Characteristics of properties within opportunities 
Socially rented properties can represent good opportunities for low temperature heat 
network development thanks to the prevalence of concentrated ownership by organisations 
with strong incentives to decarbonise their stock.  Across the opportunities identified in the 
model, 40% contain no socially rented dwellings. Among those that do, Communal 
Opportunities are more likely to include socially rented homes, and for the proportion of 
homes that are socially rented to be higher. The socially rented proportion averages 36% of 
dwellings within Communal Opportunities, compared to 16% within Multi-Building 
Opportunities. 10% of Communal Opportunities (1,557) were found to be wholly socially 
rented compared to 1% of Multi-Building Opportunities (133). 

Fuel poverty is a social dimension that is important to many organisations involved in energy 
planning and the development of low temperature heat networks. Estimates of the 
likelihood of domestic properties’ occupants experiencing fuel poverty are available in the 
Home Analytics dataset. However, the bases of these estimates are not nationally 
consistent. To reduce the impact of local variability, the datasets generated by the national 
assessment express fuel poverty prevalence in terms of Lower, Middle and Higher bands 
rather than quantitatively. These bands were designed to contain roughly equal numbers of 
low temperature heat network opportunities, such that the Lower band contains the third 
of opportunities that have the lowest overall fuel poverty prevalence (and so on).  

 
Figure 8: Number of potential low temperature heat network opportunities within each fuel poverty 

band defined by the national assessment 

Figure 8 shows the distribution of opportunities across the fuel poverty bands. The Lower, 
Middle and Higher bands account for around 303,000, 308,000 and 288,000 dwellings 
respectively. The relatively even distribution of dwellings across the three bands is a result 
of their definition: the Lower, Middle and Higher bands refer to the expected average rates 
of fuel poverty relative to all low temperature heat network opportunities. The bands allow 
those opportunities with the highest or lowest expected prevalence of fuel poverty to be 
identified. However, more granular fuel poverty data (such as that available through the 
Home Analytics dataset) is required to understand the probability of fuel poverty affecting 
dwellings within an opportunity grouping. 
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It is notable that Multi-Building Opportunities are over-represented in the Lower band (e.g. 
these opportunities tend to involve groupings with lower overall prevalence of fuel poverty). 
The estimated average fuel poverty prevalence within Communal Opportunities is more 
likely to place them in the Higher band (higher overall prevalence of fuel poverty). This 
finding conforms to expectations, given that many social homes (often occupied by people 
with low incomes) are located in blocks of flats. 

 
Figure 9: Number of potential low temperature heat network opportunities, by the proportion of 

properties estimated to currently use gas for heating 

Figure 9 illustrates the distribution of the identified opportunities according to the 
percentage of properties within them that are estimated to currently use mains gas for 
heating. Well over half of the opportunity groupings are dominated by gas as a heating fuel. 
However, a notable proportion comprises groups in which no properties use mains gas. 
Many of these are Multi-Building Opportunities in areas where there is no mains gas grid, or 
Communal Opportunities in blocks of flats that are electrically heated.  

1,724 opportunities (1,461 Communal Opportunities and 263 Multi-Building Opportunities) 
consist of groupings in which 100% of properties are electrically heated. Electrically heated 
homes with high heat demands are of particular relevance to fuel poverty, since these 
homes tend to experience the highest heating costs (or to be underheated in response to 
high heating costs). 

6.4 Potential uses of the results 
The data outputs produced by the research can be used for purposes that include local and 
national energy planning, project identification and prioritisation, public engagement 
(including awareness-raising), business planning and strategy development, knowledge-
building and as an input to future research.  

Figure 10 depicts the typical development process for a low temperature heat network 
project, including some of the stages that may be undertaken. The process contains the 
same activities as are typically undertaken for high temperature heat network projects. This 
national assessment falls into the very first stage in the process, which is one of strategy 
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development, mapping and masterplanning. Multiple options remain under consideration at 
this point, including different types, scales and configurations of heat network as well as 
other low-carbon heat technologies. 

The process depicted in Figure 10 is not prescriptive. It is frequently the case - especially for 
smaller and simpler low temperature heat network projects - that many of the activities and 
stages shown in the diagram can be undertaken at low cost and with a light touch. Decision-
making by private sector heat network developers or property owners engaged in 
decarbonising their stock might make reference to energy strategies and plans developed by 
others, and might combine feasibility work with business case development. Multiple stages 
of design may not be required for lower risk schemes. 

 
Figure 10: Low temperature heat network project development process (adapted from Heat 

Network Support Unit materials) 

The high-level statistics and charts presented in the previous section could be used to raise 
the profile of low temperature heat networks as building decarbonisation technology 
option, and therefore as a means to achieve the objectives of LHEES and national-scale 
targets. The information presented about opportunity characteristics only scratches the 
surface of the data that is available regarding each individual opportunity or the aggregated 
opportunities in an area. Users of the detailed data outputs can use this information to 
select priority opportunities for further development work. The detailed data may also serve 
as an input to energy planning processes that consider multiple technologies and energy 
vectors and the relationships between them. For some organisations, access to the datasets 
will require signing of and compliance with a data sharing agreement. 

Data on the favourability of specific areas for shallow geothermal heat (closed loop and 
open loop boreholes) will be important for the further assessment of low temperature heat 
network opportunities in locations where other heat sources are not available. The British 
Geological Survey’s UK Geothermal Platform is a freely available web-based data resource 
that could be used to understand the potential yield from underground boreholes in the 
vicinity of an opportunity. 

Characteristics generated by the national assessment that could be used to prioritise places 
for low temperature heat network development include (among many others): 

• The density of opportunities of any type, or of a particular type, could inform supply 
chain participants’ strategies with respect to geographic focus or types of 
environments that offer growth potential. 
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• Social deprivation and fuel poverty probability indicators could enable the 
identification of places where low temperature heat networks might be able to have 
a positive impact on fuel poverty. 

• Opportunities with a high proportion of socially rented dwellings may represent 
favourable locations due to the likely concentration of property ownership among 
organisations with strong drivers to decarbonise heating systems. 

• The prevalence of polluting heating systems could enable prioritisation based on 
potential carbon savings. 

6.5 Priorities for further work 
The following list identifies priorities for further work that have been informed by desk 
research undertaken in support of the national assessment; stakeholder engagement; and 
analysis of the limitations of the national assessment methodology. More detailed potential 
improvements are explored in Section 7 of Appendix A. 

• Develop improved evidence regarding the relationship between properties’ heat 
demands and the maximum distances over which it is viable for them to connect to a 
low temperature heat network. Conduct sensitivity analysis on the assumptions that 
the national assessment used to understand the impact on the number and scale of 
opportunities identified. 

• Incorporate more recently-updated heat demand and opportunity characterisation 
data. 

• Expand and update the list of waste heat sources from which potential matches with 
low temperature heat networks are assessed. In particular, a larger number of 
wastewater treatment plants as well as recently-constructed and planned data 
centres could be added along with estimates of their heat supply potential. 

• Develop methodologies to analyse the likelihood of construction or relative 
attractiveness of specific opportunities. 

• Improve the evidence base around key topics identified by stakeholders: 
o The cost and affordability of heat from low temperature heat networks, and 

how it compares to alternatives (including business as usual); 
o Delivery vehicles appropriate to the development of low temperature heat 

networks; 
o Impacts on and interactions with nearby high temperature heat networks 

(both operational and planned); 
o Risks associated with the development of low temperature heat networks 

that differ from other heat infrastructure projects; 
o Timescales applicable to the project development process for low 

temperature heat networks; 
o Advantages offered by low temperature heat networks (relative to the 

alternatives) in specific geographical, built environment and social contexts. 
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 Conclusions 
Our work provides the first national-scale assessment of locations where there is strong 
potential for supplying heat through networks that are designed to operate at low 
temperatures (typically less than 35 degrees centigrade). The results of our assessment can 
be used for purposes that include local and national energy planning, project identification 
and prioritisation, public engagement (including awareness-raising), business planning and 
strategy development, knowledge-building and as an input to future research.  

Our approach builds on those previously used in the assessment of high temperature heat 
network opportunities at national scale, and more localised work focusing on low 
temperature networks. Future assessments will be able to repeat and/or build on a tested, 
refined and documented methodology that has been designed with replicability in mind. 

Our national assessment identified a total of 11,109 Multi-Building Opportunities and 
16,985 Communal Opportunities across Scotland. These opportunity groupings collectively 
represent around 900,000 dwellings and 100,000 non-domestic properties. They include 
around a third of the country’s housing stock and around a third of Scotland’s non-domestic 
properties. In practice, not all properties within the identified opportunities are likely to 
choose to or be able to connect to a network. These totals represent an estimate of the 
potential, given the assumptions made and within the range delineated by the identification 
and classification criteria used (minimum and maximum property counts). 

The majority of the opportunities identified involve relatively small numbers of heat-using 
properties. However, there are also a small number of opportunities with high significance 
in terms of their total heat demand. These include groupings with a large number of 
properties and those with one or more large anchor loads. Around 350 opportunities have 
total heat demands exceeding 10,000 MWh per year. High Property Count Areas represent a 
further approximately 350 groupings with total heat demands ranging from around 
13,000 MWh to around 290,000 MWh. 

The findings also support the idea that the future market for low temperature heat 
networks could potentially be much larger than it is at present. That said, this research has 
not compared low temperature heat networks against other zero-emissions heating 
solutions or sought to identify optimum solutions. The actual contribution that low 
temperature heat networks can make to net zero will depend on the number and 
characteristics of places in which they represent the ‘best’ solution. Small- and medium-
scale high temperature networks may be more cost effective than low temperature heat 
networks in some of the contexts drawn out by this research. 

Low temperature heat network opportunities can be found in each of Scotland’s 32 local 
authority areas. When depicted on a map, the concentrations of opportunities in the 
country’s more heavily populated regions (the Central Belt and the urban areas around 
Aberdeen and Dundee) are evident. However, it is also clear that opportunities can be found 
in the majority of Scotland’s towns, and in rural and coastal villages throughout the Scottish 
mainland and islands. Opportunities exist right up to the country’s extremities: from Unst to 
the Rhins of Galloway, and from Barra to the Berwickshire coast. This finding supports the 
conclusion that all Scottish local authorities should consider low temperature heat networks 
in future iterations of their LHEES. It could also support decision-making in the supply chain 
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by organisations that may be planning entry into new geographic markets. Other possible 
uses of the findings regarding geographic distribution relate to electricity infrastructure 
planning and regional economic development activities. 

The information generated about individual opportunities allows them to be ranked and 
prioritised relative to other opportunities, supporting project identification. This could be 
relevant for owners of property portfolios (including Registered Social Landlords) as well as 
heat network project developers. However, the data outputs associated with any one 
opportunity must be viewed as indicative, and suitable for justifying further project 
development work rather than supporting significant project-level decisions. 

In conclusion, the national assessment provides important new information concerning the 
potential for supplying heat through low temperature heat networks in Scotland. Provided 
that the limitations associated with its ‘first pass’, top-down and experimental nature are 
appropriately recognised, the national assessment can immediately and meaningfully 
support energy planning initiatives and project identification. The approach developed is 
suitable for future replication, giving it the potential to contribute to the reduction of 
greenhouse gas emissions in the built environment over a longer timescale. It provides a 
national evidence base to support further investigation and informed decision making on 
low temperature heat networks.  
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 Introduction 
This Appendix begins by setting out the ‘model’ scope and specifications, where the ‘model’ 
is defined as the process for delivering the national assessment of low temperature heat 
network opportunities using input datasets, assumptions, calculations and geospatial 
processes. Chapter 4 of this Appendix sets out the key decisions that shaped the design of 
the model: the strategic approach; key concepts, assumptions and limitations; screening 
decisions; and data quality risk assessment and mitigation. Chapter 5 sequentially lists the 
steps followed to execute the model. The final sections discuss the quality assurance 
activities carried out by the researchers and Scottish Government representatives, and then 
go on to discuss potential improvements. 

 Model scope 
2.1 Summary statement 
The model delivers a national assessment of locations that are potentially suitable for low 
temperature heat networks in Scotland. The research supports the Scottish Government’s 
priority to reduce greenhouse gas emissions in the buildings sector. 

2.2 Model details 
2.2.1 Key outputs 

The key outputs generated by the model are: 

• geospatial polygons representing Multi-Building Opportunities and High Property 
Count Areas (both defined later in this Appendix), with attribute data; 

• geospatial points representing Communal Opportunities, Public Sector Anchor Loads, 
Other Anchor Loads, Potential Heat Sources and Potential Cooling Customers (all 
defined later in this Appendix); and 

• geospatial data presentations (geopackages) which allow different elements of the 
polygons/points and their distributions to be viewed and interpreted. 

2.2.2 Key inputs 

The key data sets used by the model are the Scotland Heat Map 2022, Home Analytics v4.1, 
Non-Domestic Analytics v2.0, Green Heat in Greenspaces and the UK Geothermal Platform 
Summary Layers. 

2.2.3 Boundaries and geographic scope limitations 

The spatial extent of the model is the areas enclosed by (collectively) the boundaries of the 
32 Scottish local authority areas, plus (where not already included) water bodies within 100 
metres of local authority areas. The built environment modelled is limited to those 
properties which have demand for heat and feature in the 2022 Scotland Heat Map, which 
means it does not include recent new build or planned developments. 

The low temperature heat network opportunities identified are not influenced by the 
presence of demand for cooling, which in practice could improve project viability. However, 
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potential larger cooling customers within heat network opportunity groupings have been 
identified. 

 Model specifications 
For the purposes of this section, the ‘model’ is defined as the process by which the national 
assessment has been delivered.  

The model was required to identify locations likely to be suitable for low temperature heat 
networks in Scotland, and to generate data outputs that characterise the potential 
opportunity at each location. From these data outputs, national-level or regional-level 
numerical summary results were generated.  

The model was also required to generate mapping visualisations that users could use to 
understand the distribution of opportunities across Scotland and at a more localised level, 
and to inspect individual opportunity locations. Geospatial data outputs were required in 
order that certain users could incorporate the results of the national assessment into their 
own geospatial information systems (GIS) environments, integrate with their own data and 
perform their own follow-on analysis. 

The map visualisations and geospatial data outputs also illustrate the distribution of 
characteristics and conditions that tend to make a location suitable for low temperature 
heat networks. Users can use these characteristics to carry out their own prioritisation of 
opportunities.  

The model comprises data inputs, calculations and processes and data outputs. 

3.1 Data inputs 
The datasets that provided inputs to the model are listed in Table 8. 

Source 
dataset Format Pre-processing3 Data quality assessment 

topics 

Scotland Heat 
Map 2022 

Geospatial 
database 

Data minimisation (removal of 
unneeded fields) 
Screening of heat demands and 
heat sources (see Section 4.3) 
Editing of a small number of 
influential outliers (see Section 
4.2.1.4) 

Presence of influential heat 
demand outliers 
General accuracy of heat 
demand estimates, building 
height estimates, building 
use classifications, heat 
source supply potential 

 

 
3 All geospatial data was reprojected to a common Coordinate Reference System (CRS). 
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Source 
dataset Format Pre-processing3 Data quality assessment 

topics 

Home 
Analytics 
Scotland v4.1 

Comma 
separated 
values 

Merging multiple files 
Transformation into geospatial 
database format 
Data minimisation (removal of 
unneeded fields) 

General accuracy of fuel 
poverty probability 
estimates, heating fuel and 
heating system data 
Relevance of LHEES 
Categories data for this 
national assessment 

Non-Domestic 
Analytics v2.0 

Geospatial 
database 

Data minimisation (removal of 
unneeded fields) 

General accuracy of heating 
fuel and heating system 
data 
Accuracy of public building 
identification 

Green Heat in 
Greenspaces 

Geospatial 
database 

Screening of smaller green 
spaces 

Accuracy of spatial mapping 
of open green space 

UK 
Geothermal 
Platform 
Summary 
Layers 

Geospatial 
database 

Data minimisation (clipping to 
study area) 

Accuracy limitations stated 
by the creators 

Ordnance 
Survey 
MasterMap 

Geo-
package 

Data minimisation (clipping to 
study area) 

Accuracy of representation 
of real-world buildings 

Ordnance 
Survey 
Zoomstack 

Geospatial 
database 

Data minimisation (clipping to 
study area) 

Gaps in mapped barrier 
features 
Mapped barrier features 
relevance to real physical 
barriers 

2022 Data 
Zone 
boundaries 

Geospatial 
database 

 Not needed 

2020 Scottish 
Index of 
Multiple 
Deprivation 

Geospatial 
database 

 Not needed 
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Source 
dataset Format Pre-processing3 Data quality assessment 

topics 

Scottish 
Government 
Urban Rural 
Classification 
2022 

Geospatial 
database 

 Not needed 

Census 2022 
Output Areas 

Geospatial 
database 

 Not needed 

Table 8: Data inputs, summary of pre-processing and summary of data quality assessment 

An additional dataset has been compiled by the researchers from a web search for 
operational and planned data centres in Scotland. 

3.2 User inputs 
Users will only interact with the outputs of the model, which represent a single, static 
scenario. Users viewing the outputs through GIS software will be able to select different pre-
defined views of the data, and to apply filters to create their own desired presentations. 
Users will not specify any parameters that influence the outputs, although they will be able 
to create modified versions of the outputs (including adding or deleting geospatial features 
and overwriting attributes). A master copy of the outputs will be held by Scottish 
Government and represents an unaltered ‘single source of truth’. 

3.3 Model outputs 
Table 9 lists the layers included in the geospatial data outputs. 

Layer name Description  Format 

Communal 
Opportunities 

Buildings featuring a large enough number of individual 
heat-using properties, for which a communal low 
temperature heat network solution is likely to be a viable 
option. 

Point data 

Multi-Building 
Opportunities 

Groupings of buildings in which a number of individual 
heat-using properties have been linked to each other 
through proximity analysis to indicate an opportunity for 
one or more low temperature heat networks. Multi-
Building Opportunities do not include any heat demands 
which are present within Communal Opportunities. 

Polygons 
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Layer name Description  Format 

High Property 
Count Areas 

Groupings of buildings, linked to each other through 
proximity analysis, but featuring a large enough number of 
properties that there are likely to be many opportunities 
for low temperature heat networks. High Property Count 
Areas are defined as groupings containing more than 1,000 
heat demands. 

Polygons 

Public Sector 
Anchor Loads 

Individual properties within Multi-Building Opportunities 
that are designated as public buildings and have estimated 
annual heat demands exceeding 100 MWh per year. 

Point data 

Non- Public 
Sector Anchor 
Loads 

Individual properties within Multi-Building Opportunities 
that are not designated as public buildings and have 
estimated annual heat demands exceeding 200 MWh per 
year. 

Point data 

Potential Waste 
Heat Sources 

Buildings, utilities assets or industrial facilities that 
represent possible waste heat sources for low temperature 
heat networks and have been matched to Communal 
Opportunities or Multi-Building Opportunities through 
proximity analysis. 

Point data 

Potential Cooling 
Customers 

Buildings or industrial facilities that represent possible 
cooling customers within Multi-Building Opportunities 

Point data 

Table 9: Data outputs 

Table 10 lists the visualisations that were created and included in the geopackages for the 
purpose of assisting users to understand the spatial and statistical distributions of different 
parameters. Not all visualisations are made available to all users (as per data sharing 
arrangements). 

View name Description  Format 

MBO 
Raster 

A raster that displays the heat demand distribution within Multi-
Building Opportunities, aggregated to 50 metre by 50 metre 
squares (Scale = 1:12,500 – 0) 

Raster 

Density A large-scale view of part or all of Scotland, with the aggregated 
number of opportunities displayed for generalised areas  

(Scale = 1:100,000,000 – 1:50,000) 

Point 
cluster 
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View name Description  Format 

SIMD A localised view showing opportunities visually coded according 
to the majority value of the Scottish Index of Multiple 
Deprivation decile for each grouping (Scale = 1:50,000 – 0) 

Polygons 

Grid 
Capacity 

A localised view showing opportunities visually coded according 
to their electricity grid capacity band (see Section 4.2.11 of this 
Appendix) (Scale = 1:50,000 – 0) 

Polygons 

Social 
Tenure 

A localised view showing opportunities visually coded according 
to the proportion of dwellings that are socially rented (three 
bands: Low, Medium and High Social Tenure)  

(Scale = 1:50,000 – 0) 

Polygons 

Fuel 
Poverty 

A localised view showing opportunities visually coded according 
to their fuel poverty band (see Section 4.2.12 of this Appendix) 
(Scale = 1:50,000 – 0) 

Polygons 

Fuel Type A localised view showing opportunities visually coded according 
to the distribution of existing fuel types among included 
properties. Five bands: 

• 100% gas 
• 80-100% gas, diverse other fuels* 
• 0-80% gas, diverse other fuels* 
• 0% gas, diverse other fuels* 
• 0% gas, 100% electricity 

* diverse other fuels may include oil, LPG, electricity and other 
fuels 

(Scale = 1:50,000 – 0) 

Polygons 

Heat 
Source Led 

A localised view showing opportunities visually coded according 
to whether they belong to the Heat Source Led archetype (“YES”) 
or not (“NO”) (Scale = 1:50,000 – 0) 

Polygons 

Anchor 
Load Led 

A localised view showing opportunities visually coded according 
to whether they belong to the Anchor Load Led archetype (“YES”) 
or not (“NO”) (Scale = 1:50,000 – 0) 

Polygons 

Table 10: Geospatial visualisations 

3.4 Calculations and processes 
Figure 11 summaries the logical steps that lead to the delivery of the spatial polygons and 
point data that comprise the model outputs.  
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Figure 12 summarises the high-level processes that match non-contiguous heat sources to 
opportunities for the purposes of opportunity characterisation.  
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** The main working dataset is a data-minimised version of the ‘Heat demands’ layer of the 
Scotland Heat Map, with minor additions created in Step 2. 

* The creation of a geospatial layer representing physical barriers was an activity carried out 
in parallel to Steps 1 to 4. 

Figure 11: Flow chart summarising the high-level processes leading to the data outputs 

1. Initial dataset preparation
• Receipt and secure, structured storage
• Transformation of data format
• Cleaning and minimising
• Data quality risk assessment

2. Minor processing of main 
working dataset*
• Minor dataset joins
• Minor interim field creation

3. Communal Opportunity identification
• Join of heat demands that share a building 

footprint
• Screening of joined heat demand groups on 

the basis of Community Opportunity 
identification criteria

4. Removal of Communal 
Opportunities from main 
working dataset 
(enabling Step 5)

5. Multi-Building Opportunity and High 
Property Count Area identification
• Draw buffers around heat demands
• Subtract barriers**
• Delete orphaned fragments
• Merge overlapping shapes
• Join attributes to polygons, summing heat 

demand and property counts
• Delete polygons with too low property counts

6. Trimming of Multi-
Building Opportunity and 
High Property Count Area 
shapes

7. Separation of Multi-Building 
Opportunities and High Property Count 
Areas
• Separation of polygons from step 6 according 

to property count criterion

8. Characterisation of 
Communal Opportunity, 
Multi-Building Opportunity 
and High Property Count 
Area datasets 

Output: Communal Opportunity datasets 

Output: Multi-Building Opportunity and 
High Property Count Area datasets 
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Waste heat sources Green spaces and water bodies 
  

 

 

 

 

 

 

 

 

 

Figure 12: Flow chart summarising the high-level processes that match non-contiguous heat sources 
to opportunities for the purposes of opportunity characterisation 

 

 

1. Initial dataset preparation
• Screening of SHM waste heat sources 

on basis of temperature
• Addition of data centre locations not 

present in SHM dataset
• Heat source buffer radius calculation
• Opportunity maximum connection 

distance calculation

2. Geometric processing: heat 
source limitations
• Draw buffers around heat sources
• Identify Multi-Building Opportunity 

centroids and Communal 
Opportunities located within buffers

• Draw lines between heat sources and 
the identified centroids/Communal 
Opportunity points

3. Geometric processing: demand 
limitations
• Screen out lines drawn in step 2 that 

exceed the maximum connection 
distance for the opportunity

• Each remaining line represents a 
match between a heat source and an 
opportunity

4. Dataset joins
• Calculate a count of the number of 

waste heat sources linked to each 
opportunity, and add to its 
characterising data

1. Initial dataset preparation
• Geometric processing of green space 

and water body polygons to remove 
'narrow' features

• Screening out of polygons with 
areas below 1,000 m2

2. Geometric processing
• Draw buffers around remaining 

green spaces and water bodies
• Intersections with Multi-Building 

Opportunity polygons and 
Communal Opportunity points 
represent matches between heat 
sources and opportunities

3. Dataset joins
• Add a calculated count of the 

number of green and blue space 
heat sources linked to each 
opportunity to its characterising 
data
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3.4.1 Software requirements 

The geospatial outputs are provided in a format that can be opened by all major Geospatial 
Information Systems (GIS) software packages. 

 Model design 
The model comprises data inputs, calculations and processes and data outputs. The data 
inputs and data outputs exist in static format, with their version indicated in filenames and 
accompanying documentation. The calculations and processes that generated the data 
outputs are documented in this section and Section 5 of this Appendix but are not otherwise 
retained. The model does not require maintenance. 

An Assumptions Log accompanies the data outputs. All assumptions listed in the Log have 
been addressed in this Appendix. 

Data quality impacts were assessed, and for the most part the response was to accept the 
impacts as a limitation of the methodology. In this chapter, data accuracy considerations are 
discussed alongside the concept to which they relate. 

The input datasets used represent the most comprehensive datasets available that are fit 
for the purpose required. However, for a small number of issues, active responses were 
developed and are described in this chapter and Section 5.1.3. 

4.1 Strategic approach 
The model design aimed to identify clusters of heat demands that correlate reasonably well 
with real-world opportunities for low temperature heat network deployment, but aimed to 
minimise the influence of more subjective assumptions. By attaching informative attributes 
to the groupings, they become characterised opportunities. These attributes highlight those 
aspects that could significantly influence the attractiveness of the opportunity to certain 
stakeholders (who will bring their own implicit weightings to the different characteristics). 
The exception to this is a scale-based screening parameter that has been applied to ensure 
that outputs are manageable in number (preferring a large number of reasonably-sized 
opportunities over a very large number of opportunities dominated by very small schemes). 

4.1.1 Stakeholder engagement 

The development of the methodology for the national assessment was supported by a 
multi-stage programme of stakeholder engagement involving a broad range of 
organisations. This engagement ensured that the research approach, underlying 
assumptions and emerging findings were informed by the practical experience, operational 
knowledge and strategic priorities of organisations active in Scotland’s heat, energy and 
infrastructure sectors. 

A series of four stakeholder events were delivered during the research period, 
comprising two workshops in August 2025 and two workshops in November 2025. These 
events brought together representatives from local authorities, network operators, public 
bodies, heat network developers, community energy groups, national agencies and 
academic or technical specialists. All 32 Scottish local authorities were invited to attend 
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these events, ensuring that every council had the opportunity to contribute local knowledge 
and perspectives. The workshops enabled participants to:  

• review and discuss the emerging methodology for identifying low temperature heat 
network opportunities;  

• provide feedback on key modelling assumptions, including definitions of opportunity 
types, thresholds, and data inputs;  

• explore early spatial outputs and identify areas where local knowledge could 
complement national datasets;  

• highlight known constraints, operational considerations and integration challenges 
relevant to heat network deployment; and 

• share examples of ongoing or planned heat decarbonisation activity that could 
influence interpretation of the assessment outputs.  

In addition to the group workshops, we held a series of one-to-one meetings with key 
stakeholders to gather deeper technical insights and address topic-specific considerations. 
Organisations engaged through these targeted discussions included Scottish Power Energy 
Networks (SPEN) and the British Geological Survey (BGS).  

Collectively, the stakeholder engagement process strengthened the robustness of the 
national assessment, helping to validate the suitability of key assumptions, highlight 
limitations inherent in national scale datasets, and ensure that the final geospatial outputs 
are aligned with the needs and expectations of future users—including local authorities, 
public sector organisations and industry partners.  

4.2 Model concepts, assumptions and limitations 
4.2.1 Heat demands and distances between potential connections 

4.2.1.1 Heat demand proximity analysis assumptions 

The amount of heat needed by an individual property has a very strong influence on the 
distance over which it is viable to connect its heating system to a local heat network. The 
national assessment took an approach common to most other relevant past assessments: 
calculating an estimated maximum connection distance between heat demands that was 
directly proportional to the sum of the heat demands.  

For almost all properties, the formula used to calculate the maximum connection distance 
was: 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑖𝑖𝑖𝑖 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑖𝑖𝑖𝑖 𝑘𝑘𝑘𝑘ℎ 𝑝𝑝𝑝𝑝𝑝𝑝 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 ÷ 2000 

The divisor of 2,000 (units: kWh per year per metre) is a proxy for the Linear Heat Density that 
could be achieved by the relevant section of a low temperature heat network. The Linear Heat 
Density (LHD) is a measure of the amount of heat supplied through part or all of a heat 
network relative to the total length of pipe route in that (part-)network. For prospective heat 
network opportunities, the LHD is a relatively strong indicator of the likely financial viability 
of the network. A high LHD implies that more heat will be supplied (generating revenue 
and/or cost savings) through a shorter amount of pipework (costing less to install and 
maintain). 
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Stakeholders were consulted on the fundamentally influential LHD-proxy assumption of 
2,000 kWh per year per metre, with general support expressed for this value. It also aligns 
with a value used in a previous assessment carried out by Zero Waste Scotland and Buro 
Happold for low temperature heat networks in Argyll and Bute, which was informed by 
engagement with an experienced low temperature heat network developer. This assumption 
was further justified through our development of prototype comparative cost models. 

The Linear Heat Density of a theoretical pipe route that connects two individual buildings is 
conceptually different from the overall Linear Heat Density of a heat network. The latter 
measure takes into account the fact that pipe routes often deviate significantly from the 
shortest possible route between two points, and that not all buildings within a defined area 
will necessarily have connected to the network. The overall LHD of planned and operational 
low temperature heat networks can be less than 2,000 kWh per year per metre, often 
considerably so. Averfalk et al. for IEA (2021) assessed 37 heat networks across the world, 
most of them low temperature heat networks or operating at less than 65 degrees centigrade 
for most of the year. The authors found that almost half of these networks exhibited values 
below 1,000 kWh per year per metre including delivered cooling energy as well as heat 
(meaning that their heat-only LHD could be even lower).  

It is possible that schemes exhibiting lower heat demand densities can be viable. A major 
developer of low temperature heat networks suggested in a submission to the UK 
Parliament Environmental Audit Committee (Kensa, 2023) that a heat demand density of 
500 kWh per metre per year could indicate viability. However, the aim of this research to 
identify locations likely to be suitable for these types of heat networks (rather than only 
possibly suitable) justifies the selection of a higher number. 

If the LHD-proxy value chosen had been higher, fewer opportunities would have been 
identified, and they would have tended to be smaller. If the LHD-proxy value had been 
lower, more opportunities would have been identified, and they would have tended to be 
larger. 

It is recommended that any future studies that require an LHD-proxy value for the 
identification of low temperature heat network opportunities assess the evidence available 
at the time to select an appropriate assumption. 

There is on average a difference between real-world heat consumption of a property (lower) 
and the estimated heat demand in the dataset used (higher) (Few et al., 2023, and discussed 
in more detail in Section 4.2.1.3). The selection of a 2,000 kWh per metre per year divisor, 
rather than a lower figure, offers the benefit of slightly compensating for the overestimation 
of heat consumption. 

One group of properties for which a different divisor was used was public sector anchor 
loads. In recognition of the strong motivations that the owners of these properties have to 
decarbonise (among other factors), a divisor of 1,500 kWh per metre per year was used. 
This assumption was also tested and agreed with stakeholders. 

When identifying spatially dispersed Multi-Building Opportunities, we applied a limit of 1 km 
to the maximum distance over which two buildings can be grouped into an opportunity 
(without there being additional buildings in between). This meant that the distance between 
buildings within an opportunity area did not risk being unrealistically large. However, in 
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exceptional circumstances, connections exceeding the 1 km threshold adopted could be 
feasible. For example, a building with a very large heat demand, such as a hospital or higher 
education campus, may be separated from other buildings by open space through which it is 
reasonably cheap to construct a pipeline. The viability of a heat network involving this long 
connection could be further enhanced if an attractive heat source could be accessed by 
connecting across the space; if the land between is under single ownership or a small 
number of owners; or if the large heat user exhibited low seasonality in its heating demand 
or required cooling outside the heating season.  

If the maximum connection distance had been higher, more opportunities would have been 
identified, and they would have tended to be larger (and vice versa). 

4.2.1.2 Heat demand proximity analysis mechanics 

An important distinction between two types of low temperature heat network concerns the 
number of buildings which are served by the network. Our process separated ‘Communal 
Opportunities’ (blocks of flats, tall tenement buildings and large multi-occupancy 
commercial buildings) from opportunities that consist of clusters of separate buildings. 
Communal Opportunities were identified by grouping heat demands that shared a building 
footprint in the Ordnance Survey MasterMap Buildings data layer, and where the majority 
of heat demand records infer that the estimated building height is at least 7.5 metres. 
Although not perfect, these criteria tend to include blocks of flats, tenements and taller 
mixed-use buildings while excluding houses. 

Buildings whose height has been overestimated will have occasionally been misclassified as 
a Communal Opportunity. However, this categorisation is arbitrary – and despite the 
building’s height it is still possible that a communal system is appropriate. If a building’s 
height has been underestimated, a genuine opportunity for a communal system may have 
been missed – but the heat demands in that building will have had the chance to be picked 
up in a Multi-Building Opportunity. 

Once the heat demands that had been grouped into Communal Opportunities had been 
identified, the master dataset of heat demands was separated into two parts: one 
containing the heat demands belonging to Communal Opportunities and one containing all 
other heat demands. The latter part-dataset went forward to the Multi-Building 
Opportunity identification process.  

The Communal Opportunities did not form part of the Multi-Building Opportunity 
identification process. The approach taken ensures that Communal Opportunities are not 
double counted when low temperature heat network opportunities are considered as a 
whole. Communal Opportunities often represent locations where real schemes could be 
implemented relatively simply and potentially quickly.  

A potential limitation of this approach is that some buildings near to Communal 
Opportunities, but which are not close enough to other individual or smaller multi-property 
buildings, may not be identified as belonging to any low temperature heat network 
opportunities. Rarely, a Communal Opportunity might form a ‘bridge’ between two small 
clusters of buildings that on their own fall short of being identified as Multi-Building 
Opportunities. These limitations are expected to have a relatively small impact on the 
overall results of the national assessment. If a particular Communal Opportunity is subject 
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to further project development investigation, the potential to extend the network to nearby 
buildings should be considered. Similarly, the potential for the properties in the building to 
be served from a wider multi-building network (perhaps centred on an anchor load or 
accessing attractive heat sources) should be considered.  

To identify sets of buildings that could be grouped together into Multi-Building 
Opportunities, spatial buffers were created around the point locations of heat demands. 
The radius of these circular buffers was calculated for each point using the estimated heat 
demand and the LHD-proxy values, enforcing the 1km maximum radius described in the 
previous section. Where the buffer circles overlap, heat demands have the potential to be 
linked to each other in a single grouping. If no overlap occurs, heat demands cannot be part 
of the same cluster. Various additional steps, described in subsequent sections, deal with 
the influence of physical barriers and inclusion/exclusion criteria for the groups that are 
generated. 

The proposed proximity analysis methodology was explained to stakeholders in advance of 
its final selection and execution. Stakeholders expressed agreement with the suitability of 
this approach to the purpose of identifying low temperature heat network opportunities. 

4.2.1.3 Heat demand accuracy 

Other than its location relative to others, the estimated heat demand of a particular address 
is the main parameter that determines whether it is included in an opportunity grouping or 
not. The total heat demand of an opportunity group is also an important piece of 
characterising information. The dataset from which heat demand estimates were taken is 
the Scotland Heat Map 2022 (SHM). The vast majority of the heat demand estimates in the 
dataset used are modelled values rather than measured values. 

Consideration was given to using the more recent heat demand estimates available in the 
Home Analytics and Non-Domestic Analytics datasets. However, it was determined that the 
advantages offered by the newer datasets were offset by the risk that errors would arise in 
the matching and merging processes that would be required to integrate datasets that each 
represent snapshots at different points in time. For example, the classification of residential 
institutions has changed in recent years. 

The SHM heat demand estimates are derived from multiple sources. The highest-confidence 
values are collected from energy billing or procurement data or derived from metered 
energy consumption. Medium-confidence estimates are derived from Energy Performance 
Certificates (the production of which involves physical surveys and some building energy 
modelling) or Home Analytics modelling.  
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The lowest-confidence estimates derive from floor area, building age and property type or 
building use information (with some of these parameters inferred by modelling if they are 
not known4). The low-confidence estimates rely on benchmark heat demand figures 
according to building use (non-domestic properties) or property age and type (dwellings). 
The benchmarks are subject to adjustment where insulation is present, or to account for 
climatic variation across Scotland. Full detail on the derivation of heat demand estimates 
can be found in the Scotland Heat Map User Guide (Scottish Government, 2023). 

The Home Analytics modelling that underlies almost half of domestic heat demand 
estimates in the SHM is generally representative of the Scottish housing stock. It is 
reasonably accurate in terms of its ability to replicate the heat demand estimates generated 
by the Energy Performance Certificate (EPC) production process (Energy Saving Trust, 
2025a). However, the production of EPCs itself involves some simple modelling of a 
property’s heat requirements based on observations made during a physical survey. EPCs – 
and therefore any modelling that tries to achieve good correlation with EPC heat demand 
estimates – tend to overestimate heat demand relative to real-world consumption (Few et 
al., 2023). If heat demand estimates were more realistic (generally lower), fewer 
opportunities would have been identified through the national assessment, and they would 
have tended to be smaller. 

The version of the Scotland Heat Map used for the national assessment did not incorporate 
heat demand estimates from the Non-Domestic Analytics dataset. Instead, heat demands 
are either estimated from building use classifications, floor areas and benchmarks; from 
EPCs; or from energy billing data collected from various public sector organisations. For non-
domestic properties, the heat demands estimated using benchmarks (least confidence) 
vastly outnumber those derived from EPCs, which in turn outnumber those derived from 
billing data (best confidence). Furthermore, the heterogeneity of non-domestic properties 
further reduces the confidence that can be placed in modelled heat demand estimates, 
whether they were produced for the purposes of an EPC or calculated using benchmarks 
(Energy Saving Trust, 2025b). 

For the national assessment, the impact of uncertainty in non-domestic heat demand 
estimates is likely to be greater than the impact of uncertainty in domestic heat demand 
estimates. This is because almost all of Scotland’s larger “anchor load” heat demands are 
non-domestic, and non-domestic heat demands are on average higher than domestic heat 
demands. These facts, combined with the level of uncertainty that applies to non-domestic 
heat demands, impact the results of the national assessment in the following ways: 

 

 
4 Where no EPC exists for an address, the developers of the dataset (and those that feed 
into it) inferred its heat demand by training statistical and geospatial models using the 
address-level information that is available, combined with local area statistics (such as from 
neighbours’ EPCs). The production of EPCs itself involves some simple modelling of a 
property’s heat requirements based on observations made during a physical survey. 
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• Non-domestic properties’ proportionally larger contribution to opportunity 
groupings’ heat demand translates into amplified uncertainty on the total heat 
demand of an opportunity grouping that includes non-domestic properties (and any 
quantities or conditions derived from the heat demand, including the matching of 
heat sources to opportunity groupings). 

• Non-domestic properties tend to be possible to connect to other buildings over 
larger distances. These distances can be considerable (up to 1km). In proximity 
analysis, ‘anchor loads’ often enable the inclusion of many smaller heat demands 
that fall within their maximum connection radius. Overestimated anchor load heat 
demands will tend to result in anchor load-led opportunities that are larger in area, 
have higher property counts and have higher total heat demand than would 
otherwise be the case. Underestimated anchor load heat demands will have the 
inverse impact, with the additional result that in some instances opportunity 
groupings may be missed entirely if they fall below the property count thresholds 
chosen for the national assessment.  

The SHM and Home Analytics datasets are unavoidably biased towards newer, urban 
properties that have recently been built, bought, sold or had significant retrofit work 
completed (thus triggering the requirement for an EPC to be produced and lodged). This 
means that, in general, there is lower confidence in the data reported for rural areas. 

4.2.1.4 Heat demand outliers, unfeasible heat demands and distance constraints 

The national assessment dealt with exceptionally large heat demands both through the 
imposition of limits within heat demand proximity analysis and through selected overwriting 
of heat demand data. 

The maximum distance between potential connections was not allowed to exceed 1 km. 
This action reflects real-world constraints that are likely to apply, but also effectively places 
a cap on the influence of an individual property’s heat demand in terms of the formation of 
a cluster, thereby nullifying large outliers.  

In general, as the distance in between two heat demands increases, the probability of 
encountering one or more obstacles that are very difficult or expensive to cross increases. 
The cost and/or difficulty of passing such obstacles may not be justified, rendering the 
connection unviable. Longer distances also tend to incur greater pumping costs and, where 
applicable, greater heat losses. It is therefore appropriate to set a threshold distance above 
which it is assumed that the likelihood of a connection being viable becomes low. One of the 
world’s largest low temperature heat networks in Heerlen, Netherlands, involves maximum 
inter-building distances of 800 to 1,000 metres as the crow flies (Brummer and Bongers, 
2019). 

The Scotland Heat Map contains a small number of erroneous outlier heat demands. We 
concluded that around 16 of the 41 largest heat demands (those estimated in the SHM to 
consume more than 20,000 MWh per year) were overestimated by a factor of 10 or more, 
based on consideration of the floor area and the most energy-intensive heat demand 
benchmark from CIBSE’s TM46 Energy Benchmarks publication (CIBSE, 2008). These 16 heat 
demands represent less than 0.01% of the non-domestic heat demands in the SHM, and less 
than 0.001% of all heat demands in the SHM. A further 12 of the largest heat demands were 
also determined to be likely to have been overestimated, but to a smaller degree. 
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These 28 outlier heat demands were edited for the purposes of calculating the total heat 
demand within an opportunity grouping, to improve the accuracy of opportunity 
characteristics and the statistics derived from them. This adjustment reduced the number 
and impact of unrealistic totals reported as characteristics of opportunities. Adjustments 
were only made to non-domestic properties with a heat demand exceeding 20,000 MWh 
per year, and a reported ‘confidence level’ which suggested that the heat demand had been 
modelled rather than being based on actual reported energy use. The heat demand was 
reduced to 20,000 MWh/year or 1 MWh/m2/year (whichever was lower). This does not 
represent a theoretical maximum demand that can be connected to a low temperature heat 
network, but rather an adjustment to reduce the impact of very large potentially erroneous 
heat demands. 

Considering buildings that are typically space heated throughout (i.e. excluding industrial 
sites and distribution and logistics centres), many of Scotland’s largest properties by floor 
area are hospitals and higher education buildings. These large public buildings often have 
heat demand estimates that are derived from metered consumption data (hence have a 
high confidence level). Consideration of the metered heat demand figures for Scotland’s 
largest hospitals and higher education buildings leads to the conclusion that the country’s 
largest combined space heating and hot water loads are in the region of 20,000 MWh per 
year (only one hospital exceeds this value). The overwriting process described in the 
previous paragraph does not impact the heat demand estimates for hospitals or higher 
education facilities where their ‘confidence level’ is the highest value (5). 

The second criterion for limiting heat demand estimates is justified by consideration of fuel 
demand benchmarks included in CIBSE’s TM46 Energy Benchmarks publication (CIBSE, 
2008). Of the 29 categories of building for which energy benchmarks are stated, the most 
heat-intensive is “Swimming pool centre”, with a benchmark of 1,130 kWh per year per 
square metre of floor area. This benchmark is stated in terms of fossil fuels used for heating, 
meaning that it corresponds approximately to a heat demand of 1,000 kWh (or 1 MWh) per 
year per square metre. The researchers chose to use this value as representing the highest 
reasonable heat use intensity for the purposes of adjusting large outlier heat demands. 

These 28 heat demand adjustments result in a reduction of between around 
1,000 MWh/year (smallest adjustment) and 1,000,000 MWh/year (largest adjustment) in 
the heat demand of the opportunity groupings in which these properties lie. These 
adjustments affect the total heat demand of relevant opportunity groupings, but not the list 
of properties included in the groupings (because maximum connection distances were 
already capped at 1km, meaning that all heat demands above 2,000 MWh/year (or 1,500 
MWh/year for public anchor loads) have the same maximum connection distance). 

A further adjustment was made to hospitals with heat demands exceeding 10,000 MWh per 
year, regardless of the basis of the heat demand value. This adjustment sought to account 
for the fact that in medium-to-large-sized hospitals a significant proportion of the overall 
heat demand relates to uses that can be served only from high-temperature sources. An 
energy model of a medium-sized hospital in Spain was developed by Fernández et al. (2025). 
The researchers went expanded the simulation to additional locations, including London. 
The London results were used to estimate the proportion of heat demand that could be met 
from a low temperature heat network supplying heat into existing hot water distribution 
systems. (The heat demanded by existing steam-using systems was assumed to be not easily 
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met from a low temperature heat network. Multi-stage steam-generating heat pump 
systems are technically feasible but offer minimal operational cost benefits relative to 
electric steam generators, which are cheaper to install.) The assumed proportion of hospital 
heat demand that was included in aggregated heat demand totals within opportunity 
groupings was 42.5%. An adjustment was applied to a total of 17 hospitals. 

It was noted through work on this assessment, and our past experience working with the 
Scotland Heat Map, that one circumstance that can lead to outlier heat demands is a large 
supermarket with one or more concessions within it and/or an internal café restaurant. 
Anomalous heat demands occur when the large floor area of the supermarket is divided 
equally between several use classes (as per the methodology followed in the development 
of the SHM), rather than the actual floor areas being applied. The heat demand benchmark 
for the “Restaurant / Cafeteria” use class is more than 3 times higher than the benchmark 
for the “General Retail” use class. A high heat demand benchmark therefore gets applied to 
a falsely large floor area that has been assigned the “Restaurant / Cafeteria” use class. 

The prevalence of this circumstance within West Lothian and an area of Glasgow peripheral 
to the city centre was investigated. While several instances were noted of “Restaurant / 
Cafeteria” UPRNs having high assigned floor areas, some of these shared a building with 
other heat-intensive use classes (e.g. Hotel). It was therefore decided that adjusting 
“Restaurant / Cafeteria” heat demands across the board was not appropriate. 

4.2.2 Influence of physical barriers 

The aim of the national assessment was to identify locations likely to be suitable for low 
temperature heat networks in Scotland. This meant that the identification process needed 
to take constraints into account, including physical barriers to construction. 

Ordnance Survey mapping layers (from the OS Zoomstack product) were used to create a 
combined “Barriers” spatial dataset. This was then used to cut the heat demand buffer 
areas, effectively representing some of the physical features that often prove too costly or 
impossible for low temperature heat networks to cross. The barriers applied include major 
roadways (motorways and A-roads), railways, woodlands and waterways. 

The application of these barriers in the analysis of spatially dispersed heat demand 
groupings had a direct impact on opportunity identification, preventing connectivity across 
features that pose a high likelihood of obstructing or increasing cost and complexity for a 
heat network. The resultant opportunities are therefore smaller, more realistic zones of 
demand.   

However, the mapping of the physical features did not entirely meet the needs of this 
assessment. Sometimes gaps in the mapped 'barrier' features (such as bridges over 
watercourses) prevent clusters from being cut fully. This means that they remain as a single 
polygon and are treated as a single Multi-Building Opportunity. Consequently, a barrier with 
a gap in the wrong place does not have an impact on the final clusters. This is reasonable in 
the case where a real physical feature like a bridge happens to provide an opportunity for 
low temperature heat network pipe routing, but these circumstances are rare. 

Another limitation of the method to account for physical barriers arises from the fact that 
elevated features such as viaducts, flyovers and aqueducts are mapped as barriers but do 
not impose constraints in the real world. These elevated features are not separately 
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identifiable within the dataset. Consequently, some clusters are cut where they should 
logically be continuous. 

Nevertheless, the application of mapped barriers normally improves the credibility of the 
opportunities identified by accounting for real world constraints and not treating heat 
demand proximity as the sole determining factor of viability. That said, the opportunity 
areas are indicative zones of interest rather than firm extents of possible schemes. Local 
knowledge and further analysis are required to develop the opportunity areas identified by 
the national assessment into defined potential schemes that respond to the barriers that 
exist in a particular location. 

4.2.3 Number of potential connections 

In order to constrain the number of opportunities identified to a manageable total, and 
focus attention on the opportunities with more significant potential decarbonisation impact, 
we determined that the national assessment would only map and characterise 
opportunities above a certain size threshold. We included opportunities where at least 10 
homes could be connected to a network, or 5 properties that are not homes. If there was a 
combination of homes and other types of property, a formula weighed them up: 

(𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙) + 2 x (𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑛𝑛𝑛𝑛𝑛𝑛 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙) ≥ 10 

It must be emphasised that low temperature heat networks can still be a good idea for 
smaller groups of properties. A review of 34 operational Shared Ground Loop5 schemes in 
the UK (Barns et al., 2026) found that 13 of 34 (38%) schemes connected fewer than 20 heat 
pumps, with the minimum number of heat pumps being 2. The restriction on size adopted in 
this research ensured that the number of opportunities identified was large but reasonable, 
but does not imply that smaller schemes do not represent opportunities.  

We also applied upper limits to the number of potential connections that could exist within 
the main opportunity groupings. If potential Multi-Building Opportunities would have 
exceeded these thresholds, we classified them as High Property Count Areas (HPCA) and 
treated them separately from Multi-Building Opportunities. The maximum number of heat 
demands within a Multi-Building Opportunity was set at 999; groupings of 1,000 or more are 
High Property Count Areas. The significance of HPCAs is described in the following Section  
4.2.4. 

The accuracy of property counts for opportunities depends on the accuracy and 
completeness of the mapping of Scotland’s heat-using properties, and the correct 
classification of property types and uses. In the time period since the production of the 
Scotland Heat Map dataset, some properties will have changed their occupancy type from 
domestic to non-domestic (or vice versa), and some properties will have become vacant or 
been demolished while others have been built or brought back into occupation. It is possible 
that, despite local authorities and the Ordnance Survey’s quality assurance processes, a 

 

 
5 Shared Ground Loop schemes are a type of low temperature heat network in which the 
heat source is a ground source heat collector that is shared between multiple distributed 
heat pumps. 
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small minority of property addresses have been incorrectly classified as being either 
domestic or non-domestic. The more detailed use classifications may also occasionally be 
inaccurate.  

Misclassification of buildings in terms of use will have occasionally led to their exclusion 
from the dataset used to identify opportunities. This would have resulted in their exclusion 
from opportunity groupings, and could have potentially (but infrequently) caused entire 
opportunities to be missed. Misclassification will have occasionally led to the erroneous 
inclusion of buildings that are not actually good candidates for connection to low 
temperature heat networks. Where this has occurred, identified opportunities will have 
been more numerous and/or larger than they should have been. Misclassification is also a 
root cause of heat demand inaccuracy as explored in Section 4.2.1.3. 

Recent new build and planned future new build are known omissions/exclusions from the 
national assessment due to data unavailability. 

4.2.4 High Property Count Areas and High Heat Demand Areas  

Some areas in Scotland are particularly ‘heat dense’ – either they have a great number of 
heat demands close together, or there are multiple properties present that demand 
especially large quantities of heat. Often both of these circumstances are present. These 
areas cover many of Scotland’s city centres and the centres of larger towns; they are also 
sometimes found in industrial areas or around very large hospitals. 

These areas often have significant overlap with the areas that have previously been 
identified as promising for the development of high temperature heat networks. Within any 
of the areas of opportunity for low temperature heat networks identified by our research, it 
is possible that high temperature heat networks already exist or may be planned to be built. 
However, this is more likely to be the case in urban centres. In these places, low 
temperature heat networks may still be viable around the ‘edges’ of the high temperature 
networks.  

High temperature heat network development aside, it is also the case that many options are 
likely to exist regarding the types and sizes of low temperature scheme that could be built in 
the most heat dense areas. For example, a single large scheme could be viable – but it may 
also be possible to develop multiple smaller schemes or to develop a large scheme in 
phases.  

The proliferation of options for both high and low temperature heat networks means that it 
is particularly important that strategic energy planning is carried out before decisions are 
made about what should be built where. Energy planning seeks to find the optimum 
combination of solutions for the locality as a whole, which often differs from the 
combination of solutions that would arise if schemes were developed in isolation according 
to their own individual drivers. 

To avoid implying that any one technological solution is best within the more heat dense 
zones, and to recognise the possibility that many separate schemes could be developed 
within those areas, we separated them from smaller Multi-Building Opportunities. This was 
done simply on the basis of the number of heat demands. Those areas with more than 1,000 
heat demands were referred to as High Property Count Areas (HPCAs). It was found that the 
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total heat demand of all properties within some HPCAs exceeded 100,000 MWh per year. 
This sub-group was referred to as High Heat Demand Areas. 

High Heat Demand Areas do not represent a theoretical upper bound for the demand that 
can be supplied through a single low temperature heat network scheme. Although schemes 
larger than this could be conceived, it is also possible (and for many locations, likely) that an 
opportunity area with tens or hundreds of megawatts of total heat demand could be home 
to multiple smaller low temperature heat networks rather than a single scheme. 

No Multi-Building Opportunities had total heat demands exceeding 100,000 MWh per year. 
Therefore, all High Heat Demand Areas were also High Property Count Areas. 

Much less detailed characterising information was calculated for High Property Count Areas 
and High Heat Demand Areas than was the case for Multi-Building Opportunities. 

A review of 34 operational Shared Ground Loop schemes in the UK (Barns et al., 2026) found 
that these schemes connected an average of 84 heat pumps, with the maximum number of 
heat pumps being 770. This justifies the selection of the threshold of 1,000 for the number 
of heat demands. 

4.2.5 Presence of anchor loads 

An anchor load is a large, heat user with a consistent demand whose substantial annual 
heating requirement provides a stable base of consumption, improving revenue certainty 
and supporting the overall viability of a heat network. The presence of one or more anchor 
loads within a Multi-Building Opportunity would typically make a low temperature heat 
network more likely to be viable in that location. In this research, an anchor load is defined 
as a non-domestic property with an estimated annual heat demand exceeding 200 MWh per 
year (or 100 MWh per year if it is a public sector building). Although it is often stated that 
public anchor loads are beneficial for heat networks of all types (e.g. Scottish Futures Trust, 
2024), some stakeholders who we consulted questioned the ability of public sector buildings 
to act as proactive earlier adopters of the technology or initiators of new schemes. 

If lower thresholds had been set for the identification of anchor loads, more anchor loads 
would have been identified (and more Anchor Load-Led archetype networks would have 
been identified). If higher thresholds had been used, fewer anchor loads would have been 
identified. 

The classification of non-domestic buildings as public sector or not public sector is a new 
and experimental aspect of the Non-Domestic Analytics dataset. As such, its accuracy is not 
yet well understood. The misclassification of buildings as “public” will have infrequently led 
to their being linked to groupings across distances that would not have been possible had 
they been classified as “non-public”. Vice versa, some public buildings will have infrequently 
been missed from opportunities due to misclassification. 

4.2.6 Locations not on the electricity grid 

The methodology does not specifically exclude heat-using properties that are not served by 
a mains grid electricity supply. In practice, the development of low temperature heat 
networks in off-grid locations is likely to be challenging due to high electricity costs and 
capacity constraints. However, there is precedent for the adoption of heat pumps in off-grid 
locations (for example, in Knoydart). Users viewing the outputs of the national assessment 
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should consider the possibility that some island and remote rural opportunities (including 
clusters of buildings on upland estates) may include off-grid buildings. 

4.2.7 Proximity of favourable non-contiguous heat sources 

The research mapped three different heat sources that could be beneficial to connect to a 
low temperature heat network despite spatial separation between the heat source and the 
heat demands. These heat sources were green spaces, water bodies and sources of waste 
heat. Table 11 lists the sources of information, and which quantities were used. The 
screening of heat sources is described in Section 4.3.2 of this Appendix. 

Heat source Data source Data item(s) 

Waste heat sources Scotland Heat Map 
2022 ‘Potential 
Energy Supply’ 
layer6 

Waste heat locations (point data) 

Waste heat supply name and sector 

Estimated annual heat supply potential 

Estimated temperature range of heat 
supply 

Seasonal variation category 

Waste heat sources Web search for 
operational and 
planned data 
centres in Scotland 

Addresses or postcodes of operational or 
planned data centres 

Green space hosting 
closed or open loop 
boreholes 

Green Heat in Green 
Spaces (GHiGS) 
dataset 

Green space locations and boundaries 

Water bodies (static 
water bodies, rivers, sea) 

Ordnance Survey 
Zoomstack 

Water body locations and boundaries 

Table 11: Data sources for non-contiguous heat source information 

The main dataset used to map waste heat sources dates from 2020 and only identifies 9 
data centres (although acknowledges that there was a higher number operating at that 
time). Since 2020, new data centres have been constructed and many more are planned, 
including some very large facilities. Data centres could be a key source of heat for low 
temperature heat networks, with very substantial total annual supply potential. Due to the 
potential importance of this class of waste heat source, we expanded the mapping of data 

 

 
6 The ‘Potential Energy Supply’ layer derives from an assessment of potential sources of 
waste heat for heat networks in Scotland carried out by Sinclair and Unkaya (BRE) for 
ClimateXChange (2020). 

https://uoe.sharepoint.com/sites/ClimateXChange/Shared%20Documents/Comms/www.climatexchange.org.uk


National assessment of low temperature heat network opportunities| Page 70 

www.climatexchange.org.uk 

centres through additional data gathering from publicly available online sources including 
Data Center Map (2025), cross-checked with other sources located through web searches. 
These extra data centre locations were not characterised with any estimates of heat supply 
potential. The additional data centre locations which were matched with opportunities are 
listed in Table 12. 

Name Location Status 

ATOS Livingston Livingston, West Lothian Operational 

DataVita DV2 Glasgow City Centre Operational 

IFB Union Street Aberdeen City Centre Operational 

brightsolid Aberdeen Aberdeen Operational 

Apatura Coldstream Coldstream, Scottish 
Borders 

Planned, with operation expected circa 
2030 

Cato Data Centre Auchtertool, Fife Planned, with key agreements secured 

Table 12:  Additional data centre locations 

The Scotland Heat Map ‘Potential Energy Supply’ layer contains modelled estimates of 
waste heat supply capacity, which are subject to limitations identified by the creators 
(Sinclair and Unkaya, 2020). Inaccurate waste heat supply capacity data is likely to have led 
to matches being made between waste heat sources and opportunities that do not 
represent real prospective relationships, and conversely to some real prospective 
relationships being missed. However, heat source matches have not influenced the 
identification of opportunities, and so these impacts affect opportunity characteristics only. 

Several categories of waste heat sources have been noted as absent from the dataset used. 
Anaerobic digestion facilities, crematoria, incinerators and thermal power stations 
(including Energy from Waste facilities) represent possible sources of low temperature 
waste heat that were not included in the matching process. Many wastewater treatment 
plants have also been noted to be missing from the dataset. 

The accuracy of the GHiGS dataset in terms of mapping open (non-wooded) green spaces 
was assessed by comparing it to alternative maps. It was concluded that urban green space 
(which is most likely to be linked to low temperature heat network opportunities) is mostly 
accurate, but there are conflicts between the classification of open green space and 
woodland between different maps. However, the identification of a particular green space 
through the proximity analysis does not mean that it is necessarily suitable for the 
construction of ground source heat collection infrastructure: usage, heritage protection, 
nature protection or aesthetic considerations as well as engineering factors like ground 
composition and access routes can all prevent a green space from being a viable heat source 
for a low temperature heat network. 
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There were no concerns regarding the accuracy of water body mapping, although the lack of 
data regarding the depth of water and flow rate of water courses means that a match 
between a low temperature heat network opportunity and a water body cannot be taken as 
firm indication of the viability of water source heat. 

4.2.7.1 Waste heat source matching 

The formulae used to calculate the maximum connection distance between waste heat 
sources and low temperature heat network opportunities was: 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑖𝑖𝑖𝑖 𝑘𝑘𝑘𝑘ℎ 𝑝𝑝𝑝𝑝𝑝𝑝 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 

=  𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑜𝑜𝑜𝑜: �𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑖𝑖𝑖𝑖 𝑘𝑘𝑘𝑘ℎ 𝑝𝑝𝑝𝑝𝑝𝑝 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑖𝑖𝑛𝑛 𝑘𝑘𝑘𝑘ℎ 𝑝𝑝𝑝𝑝𝑝𝑝 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦  

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑖𝑖𝑖𝑖 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑖𝑖𝑖𝑖 𝑘𝑘𝑘𝑘ℎ 𝑝𝑝𝑝𝑝𝑝𝑝 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 ÷ 4000 
 

The divisor of 4,000 (units: kWh per year per metre) aligns with a value used in by AECOM 
(2025) in a review of opportunities and technical solutions for data centre waste heat reuse 
in London. AECOM’s modelling found that 4,000 kWh per metre per year (referring to the 
connection between data centre and heat network) was a strong indicator of viability. 

If the LHD-proxy value had been higher, fewer matches between heat sources and 
opportunities would have been identified. If the LHD-proxy value had been lower, more 
matches between heat sources and opportunities would have been identified. 

The maximum distance between heat sources and low temperature heat network 
opportunities was not allowed to exceed 1 km, reflecting real-world constraints that would 
often apply to such connections. However, it should be noted that there is an example in 
Scotland of a waste heat source being used to serve a low temperature heat network more 
than 1 km away (the AMIDS scheme in Renfrewshire, which connects heat users to a 
wastewater heat source more than 2 km away). If the maximum connection distance had 
been higher, more matches between heat sources and opportunities would have been 
identified (and vice versa). 

For the purposes of proximity analysis, data centres that do not feature in the Scotland Heat 
Map dataset have been assumed to be connectable over a maximum distance of 1 km from 
heat demands (or a shorter distance, if limited by the opportunity’s total heat demand). This 
corresponds to the smallest size of data centre that we mapped (around 1 MW). 

Waste heat sources that are within the calculated maximum distance of a Communal 
Opportunity were considered to be matched to that opportunity. Similarly, waste heat 
sources that are close enough to the geometric centroid of a Multi-Building Opportunity 
were matched to the opportunity. The centroid was used as a proxy for the average point of 
heat delivery; in practice, waste heat would need to be distributed to connected properties 
via an interface identified at the design stage.   

Sinclair and Unkaya (BRE) for ClimateXChange (2020) estimated potential heat supply in 
MWh for each of the waste heat sources they identified. The limitation identified by the 
authors suggest that these values are subject to high uncertainty and require further 
research to improve heat supply capacity estimates. Furthermore, the national assessment 
heat source matching methodology does not make use of Sinclair and Unkaya’s assessment 
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of the seasonality of waste heat sources. This could lead to an overestimation of heat supply 
potential due to the time-mismatching of supply and demand. The total capacity of matched 
waste heat sources is reported as a characteristic of opportunities, but users should exercise 
caution when using this data. 

4.2.7.2 Matching green spaces and water bodies 

A different approach was taken to matching green spaces and water bodies. The Green Heat 
in Green Spaces (GHiGS) project estimated the heat supply capacity of each relevant green 
space in Scotland, but no such estimates were available for water bodies7. Some water 
bodies mapped will have near-infinite heat supply capacity (e.g. the sea) whereas others will 
be relatively limited (canals with minimal flow rate).  

Because of the range of spatial extents and geometric shapes that exist among green 
spaces, proximity analysis based on a site’s total estimated supply capacity risks identifying 
matches with low temperature heat network opportunities that are not realistic in practice. 
For example, a lollipop-shaped green space has greatest capacity to host boreholes in the 
wider part of its shape – but a simple matching process could link it to low temperature heat 
network opportunities that are only within reach of the ‘stick’. Instead, a simpler approach 
of searching for matches within 100 metres of a green space’s boundary was adopted.  

If the maximum connection distance had been higher, more matches between heat sources 
and opportunities would have been identified (and vice versa). 

Heat from green spaces will normally be available at a lower (environmental) temperature 
than waste heat from industrial, utility or waste management sources. Therefore, the 
distance over which interconnection can be justified is lower for green spaces, relative to 
the amount of heat supplied. It should be noted that a separation of 100 metres between a 
Multi-Building Opportunity’s boundary and a green space’s boundary does not represent 
the real distance over which heat must be transported. The distance to reach boreholes 
within the green space and to reach heat demands within the opportunity cluster add to the 
distance between the boundaries. 

The lack of heat supply estimates for water bodies means that proximity analysis based on a 
site’s total estimated supply capacity is not possible. In order to avoid linking low-capacity 
water bodies to opportunities over unrealistic distances, a maximum distance of 100 metres 
was applied. This means that some very significant opportunities are missing from the 
assessment. However, easy access to mapping that includes large water bodies will allow 
any user to make their own assessment of which larger rivers, lochs and coastal waters 
might offer potential heat supplies for a particular low temperature heat network 
opportunity. 

 

 
7 The Green Heat in Green Spaces project was unable to calculate this quantity with 
sufficient confidence to publish results and was restricted in terms of the contributory data 
that was possible to share. 
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4.2.8 Existing heating fuels and heating systems 

The cost and carbon impacts of switching to a heat pump depend on which alternative is 
being used for comparison. Data on the existing heating fuels used and heating systems 
present within each opportunity grouping were reported as counts of properties. Calculated 
total heat demands associated with different heating fuels (natural gas, electricity, other) 
were generated for each opportunity grouping. These totals could be used as inputs for 
calculating cost and carbon impacts.  

The heating fuel and heating system categorical data have a high level of accuracy for 
domestic properties, but are among the least opportunity attribute accurate fields for non-
domestic properties. 21% of properties’ heating fuels and heating systems in Non-Domestic 
Analytics 2.0 derive from Energy Performance Certificates, with the remainder modelled by 
Energy Saving Trust with a sample-tested accuracy of around 90%. According to the 
dataset’s Release Notes (Energy Saving Trust, 2025b), the modelling tends to overestimate 
the proportion of properties that use electricity and underestimate the number using gas 
boilers. 

4.2.9 Property-level requirements for heat pump integration  

A wide range of approaches and criteria have been applied in the past to the question of 
whether a property is ‘suitable’ for being heated with a heat pump. The concept is relevant 
for heat pumps connected to low temperature heat networks as well as standalone heat 
pumps. Some researchers (Energy Systems Catapult, 2021) have found that “there is no 
property type or architectural era that is unsuitable for a heat pump”. However, critics have 
suggested that these statements when viewed in isolation can be misleading, and that 
questions of suitability must be qualified with a definition of what suitability means. A 
literature review accompanied by expert interviews (Johnston et al., 2024) found a mixed 
picture in terms of the prevalence of heat pump suitability among Scottish homes, with gaps 
found in each of the four most relevant publications reviewed. 

Suitability is usually judged on the basis of a combination factors, but the factors used differ 
significantly. The inclusion or exclusion of operating costs (and related affordability 
judgements) and the extent of upgrades required to insulation and/or heat distribution 
systems are among the most critical for determining the outcome of a suitability 
assessment. 

This research has taken the most inclusive view regarding technical suitability, which is that 
there is a viable route to heat pump integration for the overwhelming majority of domestic 
properties and those non-domestic properties which need space heating and hot water. No 
domestic properties, and few non-domestic properties, were excluded from the analysis for 
technical suitability reasons. 

However, heat pump operating costs relative to alternatives do vary significantly between 
individual properties. Likewise, required upgrades alongside heat pump installation can also 
range from none at all to highly disruptive and expensive work. An assessment of heat pump 
suitability that is familiar to Scottish local authorities and the readers of their Local Heat and 
Energy Efficiency Strategies (LHEES) is the four-fold “LHEES Categories” classification system. 
This system defines the categories slightly differently depending on whether a dwelling is on 
or off the gas grid, although the high level criteria are the same. Full detail of the 
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classification process is available in the Detailed Practitioner Approach developed by Zero 
Waste Scotland (2022b, 2022c) as part of the LHEES Methodology guidance. 

LHEES Category High-level criteria 

Category 0 Already utilise a communal heating system 

Category 1 Are highly suited to a heat pump solution: minimal fabric upgrade 
required and already have a wet heating system. 

Category 2 Already have a wet heating system but are likely to require8 energy 
efficiency retrofit of moderate scope 

Category 3 

• Dwellings that do not have a wet heating system or are likely to 
require energy efficiency retrofit exceeding moderate scope 
before heat pump integration; or  

• Dwellings that are not suited to heat pump technology.  

Table 13: Summary of LHEES Category high-level criteria 

For low temperature heat network opportunities in the national assessment that include 
adequate numbers of domestic properties (at least 5 in a category), the characterising 
dataset includes a count of the number of dwellings that have been assessed as falling into 
each LHEES Category. The address-level data underlying these totals comes from the Home 
Analytics dataset. 

A limitation of the LHEES Categories arises from limitations in the data available at the time 
of their creation. For example, information on building energy efficiency did not incorporate 
floor construction or floor insulation, which is information that is now available through 
some datasets. 

It should also be noted that LHEES Categories are derived based on parameters that do not 
fully align with a property’s prospects for connecting to a low temperature heat network. 
For example, heritage status can be a reason why a low temperature heat network 
connection is a better choice than an air source heat pump. Furthermore, an existing heat 
pump could be an enabler rather than barrier to joining a scheme with networked heat 
pumps. 

 

 
8 The concept of what properties ‘require’ in order to enable heat pump installation is not 
explained. It is unclear whether operating costs, capital costs, space requirements, 
consumer acceptance or technology availability (among other possible factors) influence 
judgments of what is ‘required’.   
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4.2.10 Low temperature heat network archetypes 

To enable an intuitive understanding of the diverse types of low temperature heat networks 
and their prevalence within the opportunities identified by the national assessment, we 
classified applicable opportunities as belonging to one or more ‘archetypes’. We used the 
list of archetypes presented in the South of Scotland Heat Network Prospectus (South of 
Scotland Enterprise, 2025), with minor modifications. The archetypes group networks 
according to geographic context and/or the socio-technical drivers that justify their 
development. Our methodology developed new logical and quantitative criteria for 
archetype classification, allowing thousands of opportunities to be classified automatically 
rather than manually. The quantitative criteria selected have a direct impact on the number 
of opportunities identified as belonging to the relevant archetype in logical ways. 

Archetype Identification Criteria Sub-Archetypes 

Communal 
Opportunity 

Multiple heat demand records occupying the 
same building footprint polygon 

Building height (to top of wall) >=7.5 metres for 
the majority of heat demands 

Minimum property numbers as set out in Section 
4.2.3 of this Appendix 

Domestic  

Non-domestic  

Mixed use  

Heat Source-
Led 

One or more non-contiguous heat sources have 
been linked to the opportunity 

Waste heat source-led 

Green space-led 

Blue space-led 

Anchor Load-
Led 

Applicable to Multi-Building Opportunities only 

One or more public sector anchor loads or non-
public sector anchors loads are present within 
the heat demands that constitute the 
opportunity 

Public sector anchor 
load-led  

Private/other anchor 
load-led 

Street Scale Applicable to Multi-Building Opportunities only  

The area within the cluster boundary is less than 
or equal to 3,000 m2 

 

Urban 
Neighbourhood 
Scale 

Applicable to Multi-Building Opportunities only  

The area within the cluster boundary is more 
than 3,000 m2 and less than or equal to 100,000 
m2 

At least 80% of heat demands are in locations 
classified as ‘urban’ by the Scottish 8-fold urban 
rural classification. 

 

Table 14: Low temperature heat network archetypes 
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The archetypes and their classification criteria are listed in Table 14. Not all opportunities 
are assigned an archetype: for example, a Multi-Building Opportunity with an area of more 
than 100,000 m2 , which does not contain any anchor loads and has not been matched with 
any non-contiguous heat sources would not belong to any of the archetypes listed in the 
table. 

4.2.11 Electricity grid capacity status 

The capacity of the local electricity grid to accommodate new electrical loads is an 
important factor for the viability of low temperature heat networks. Over the coming 
decades, local electricity grids will be upgraded to enable buildings to adopt heat pumps in 
all locations where they represent the best solution for decarbonising heat. However, the 
status of the electricity grid also influences what the best heat decarbonisation solution is 
for a particular property. In the short term, grid constraints can prevent the mass adoption 
of heat pumps that would be involved in the establishment of a low temperature heat 
network. However, heat pumps connected to low temperature networks place less strain on 
electricity networks than air source heat pumps. This means that grid constraints can 
sometimes support the viability of low temperature heat networks rather than limit them.  

Identified low temperature heat network opportunities were divided into three equal-sized 
groups according to the projected ‘headroom’ at the local primary substation as a 
proportion of its capacity. This value acts as a proxy for the degree of electricity grid 
constraints that are likely to apply to each opportunity. 

4.2.12 Prevalence and severity of fuel poverty and multiple deprivation 

Low temperature heat networks can sometimes offer lower heating costs than existing 
polluting heating systems9, and are almost always cheaper than direct electric heating (UK 
Government, 2025). Heat networks’ potential contribution to fuel poverty reduction at the 
same time as decarbonising makes them interesting to a variety of stakeholders. On the 
other hand, if the cost of heat from a low temperature heat network is too high (driven by 
factors such as capital costs, operating model or electricity costs), the risk of exacerbating 
fuel poverty must be investigated and managed.  

Accurate fuel poverty data at a local level is not available. However, estimates of the 
likelihood of domestic properties’ occupants experiencing fuel poverty are available in the 
Home Analytics dataset. Identified low temperature heat network opportunities across 
Scotland were divided into three groups according to the average estimated probability of 
fuel poverty among dwellings within the opportunity grouping. Higher, Middle and Lower 
fuel poverty probability bands were defined as greater than 31%, 22 to 31%, and less than 
21% respectively. Because they are derived from estimated probabilities, these bands also 

 

 
9 Feasibility studies and options appraisals provide evidence that low temperature heat 
networks can be, but are not always, cost-competitive with existing polluting heating 
systems. Comparisons of shared ground loop operating costs with individual air source heat 
pumps (Element Energy, 2023) can also be considered alongside comparisons of air source 
heat pumps against fossil heating systems such as those provided by Energy Saving Trust. 
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represent the estimated (rather than actual) relative prevalence of fuel poverty within an 
opportunity grouping.  

The Scottish Index of Multiple Deprivation was also included as a characteristic of an 
opportunity. 

4.2.13 Property tenure 

Dwellings which are socially rented by Local Authorities or Registered Social Landlords can 
represent good opportunities for low temperature heat network development thanks to the 
prevalence of concentrated ownership by organisations with strong incentives to 
decarbonise their stock. Property tenure data (including modelled estimates) is available 
within the Home Analytics dataset, and was used to calculate the estimated percentage of 
dwellings within an opportunity grouping which are socially rented. Energy Saving Trust 
state that the modelled categorical data on tenure in Home Analytics is around 98% 
accurate, and better than this if only the distinction between socially rented and other 
properties is considered (Energy Saving Trust, 2025a). 

4.2.14 Property age and heritage designations 

The age of a building can pose challenges for the installation of low temperature heat 
network connections (Johnston et al., 2024 and Historic England, 2025). However, building 
age can also represent an opportunity where low temperature heat networks are possible 
but other zero-emissions heating systems are more difficult. The estimated age of 
Communal Opportunity buildings and anchor load buildings was included as characterising 
information. 

Heritage designations – either buildings being Listed or properties being in Conservation 
Areas – are also potential barriers or opportunities. The Listed status and Conservation Area 
inclusion of anchor load properties were included as characterising data. For Multi-Building 
Opportunities and Communal Opportunity buildings, the percentage of properties within 
the grouping with either Listed Status or included in Conservation Areas was calculated.  

4.2.15 Presence of cooling demand 

If configured to do so, low temperature heat networks can supply cooling as well as heating. 
The presence of cooling customers can improve the viability of a network by injecting ‘free’ 
thermal energy into the network that can be used elsewhere by customers needing heating. 
No national-scale dataset of cooling demand exists. Where it is available, data on cooling 
demands is sparse and unreliable. It generally does not provide sufficient resolution 
regarding seasonal variation, which is critical for networks that seek to reap the benefits of 
simultaneous or near-simultaneous heating and cooling demands. 

For these reasons, the national assessment does not incorporate demand for cooling into 
the process that identifies opportunities. However, heat rejected from some larger cooling 
processes (supermarket refrigeration, data centres, brewing) was modelled as waste heat 
sources linked to Multi-Building Opportunities. At the same time, a geospatial data layer of 
potential cooling customers was created so that their presence within Multi-Building 
Opportunities can be identified. The criteria used to identify these properties are set out in 
Table 15. 
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Data source Criteria 

Scotland Heat Map 2022 
‘Potential Energy Supply’ 
layer 

Sector equals "Brewery", "Cooling Towers", "Data centre", or 
"Supermarket" 

Scotland Heat Map 2022 
‘Heat demands’ layer 

Ordnance Survey Class Description (tertiary level) is 
“Hotel/Motel” (CH03), “Bingo Hall / Cinema / Conference / 
Exhibition Centre / Theatre / Concert Hall” (CL07) or “Hospital 
/ Hospice” (CM03) – or secondary level description is “Office” 
(CO). 

and 

Heat demand > 100MWh/year. 

Table 15: Criteria for the identification of potential cooling customers within Multi-Building 
Opportunities 

4.3 Screening decisions 
4.3.1 Heat demand screening (inputs) 

We removed 67,297 heat demands which had been marked as likely to have issues in the 
input dataset. The Scotland Heat Map includes as a data field a flag indicating whether OS 
mapping data suggested that there may be a reason to doubt the heat demand estimate. 
We excluded all heat demands which had the values ‘Non-building – parent’, ‘Non-building - 
not parent’, ‘Building – parent’ and ‘Building - no demand’ from the main working dataset. 
We also excluded heat demands with a description of ‘unclassified’, as these tend to include 
new build with incomplete or placeholder data as well as other potentially problematic 
addresses. 

We also removed 254,424 further heat demands from the dataset that are unlikely to be 
able to benefit from a low temperature heat network connection: 
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• all properties with heat demands less than 5,000 kWh per year, for which another 
zero-emissions heating system is likely to be lowest cost10 (237,448 heat demands, 
of which 199,928 domestic and 37,520 non-domestic); and 

• non-domestic heat demands with building use classifications that indicate a high 
likelihood that their heat demand is dominated by temperature requirements that 
exceed those which can normally be produced through networked heat pumps, or 
that are likely to have minimal or no heat demand (16,976 properties). The list of 
excluded use classes is reported in Table 16. 

Changes to the list of excluded use classes could conceivably lead to some buildings being 
excluded (or re-included) from the dataset used to identify opportunities. The impact of 
exclusion would be that relevant opportunity groupings would be smaller. Potentially, but 
infrequently, the exclusion of heat demands would cause entire opportunities to be missed. 
Conversely, changes leading to some buildings being included could cause opportunities to 
be identified that otherwise would not be. 

 

Class 
Code Class Description  Class 

Code Class Description 

Likely to be dominated by very high temperature heat demands 
CI01CW Cement Works  CU08 Gas / Oil Storage / Distribution 

CI07 Incinerator / Waste Transfer 
Station 

 OI09 Kiln / Oven / Smelter 

Likely to have no or minimal heat demands 
CA Agricultural  CS01 General Storage Land 

CA02FF Fish Farming  CT01 Airfield / Airstrip / Airport / Air 
Transport Infrastructure Facility 

 

 
10 Evidence could not be found in literature to support this quantitative assumption. 
Johnston et al. (2024) state that in small properties with low heat demands, the capital costs 
of an air-to-water heat pump may not be economic and alternative technologies should be 
considered. We infer that heat pumps connected to low temperature heat networks will 
similarly be uneconomic for properties with low heat demands. The value of 5,000 kWh per 
year was selected and justified through the development of a simple cost model comparing 
a Shared Ground Loop scheme connection with electric storage heaters. The model 
assumed a heat pump capacity of 3 kW (equal to the smallest ground source heat pumps 
currently on the market), typical per-property installation costs, heat pump grants available 
in early 2026 (and expected to continue), typical system efficiencies, long-term average 
electricity prices, maintenance costs and equipment replacement costs. For properties with 
low heat demands, air-to-air heat pumps can often outcompete electric storage heaters in 
terms of overall heating costs. 
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CA03 Horticulture  CT02 Bus Shelter 

CA03VY Vineyard  CT03 Car / Coach / Commercial 
Vehicle / Taxi Parking / Park 
And Ride Site 

CB Ancillary Building  CT04CF Container Freight 

CC06 Cemetery / Crematorium / 
Graveyard. In Current Use. 

 CT04RH Road Freight Transport 

CC06CY Cemetery  CT07 Railway Asset 

CC09 Public Household Waste 
Recycling Centre (HWRC) 

 CT10 Vehicle Storage 

CC11 CCTV  CT11 Transport Related 
Infrastructure 

CI02 Mineral / Ore Working / Quarry 
/ Mine 

 CT13 Harbour / Port / Dock / 
Dockyard / Slipway / Landing 
Stage / Pier / Jetty / Pontoon / 
Terminal / Berthing / Quay 

CI02OA Oil / Gas Extraction / Active  CU01 Electricity Sub-Station 

CI02QA Mineral Quarrying / Open 
Extraction / Active 

 CU02 Landfill 

CI04TS Timber Storage  CU03 Power Station / Energy 
Production 

CL08WZ Wildlife / Zoological Park  CU03EP Electricity Production Facility 

CR05 Petrol Filling Station  CU03WF Wind Farm 

CR11 Automated Teller Machine 
(ATM) 

 CU04 Pump House / Pumping Station 
/ Water Tower 

Class 
Code Class Description  Class 

Code Class Description 

Likely to have no or minimal heat demands (continued) 
CU04WC Water Controlling / Pumping  LU Unused Land 

CU04WD Water Distribution / Pumping  LU01 Vacant / Derelict Land 

CU04WM Water Quality Monitoring  LW Water 

CU06TX Telephone Exchange  LW01 Lake / Reservoir 

CU11 Telephone Box  LW02IW Static Water 

CZ01 Advertising Hoarding  LW03 Waterway 

CZ02 Tourist Information Signage  OI04 Chimney / Flue 

CZ03 Traffic Information Signage  OR04 Additional Mail / Packet 
Addressee 

https://uoe.sharepoint.com/sites/ClimateXChange/Shared%20Documents/Comms/www.climatexchange.org.uk


National assessment of low temperature heat network opportunities| Page 81 

www.climatexchange.org.uk 

L Land  OT13 Rail Infrastructure Services 

LA Agricultural - Applicable to land 
in farm ownership and not run 
as a separate business 
enterprise 

 P Parent Shell 

LA01 Grazing Land  PP Property Shell 

LB Ancillary Building  PS Street Record 

LC Burial Ground  RC01 Allocated Parking 

LC01 Historic / Disused Cemetery / 
Graveyard 

 Z Object of Interest 

LD Development  ZM Monument 

LD01 Development Site  ZM01 Obelisk / Milestone / Standing 
Stone 

LF02 Forest / Arboretum / Pinetum 
(Managed / Unmanaged) 

 ZM02 Memorial / Market Cross 

LM Amenity - Open areas not 
attracting visitors 

 ZM03 Statue 

LM03 Maintained Amenity Land  ZV Other Underground Feature 

LO Open Space  ZV03 Well / Spring 

LP Park    

LP01 Public Park / Garden  U Unclassified 

LP02 Public Open Space / Nature 
Reserve 

 
UC Awaiting Classification 

LP03 Playground  UP Pending Internal Investigation 
Table 16: List of Ordnance Survey Class Descriptions removed from Scotland Heat Map dataset 

before starting heat demand proximity analysis 

Properties already using a heat pump (most likely an air source heat pump) and those 
already served by electrically powered communal heating systems could, in some 
circumstances, still benefit from switching to a low temperature heat network connection. 
This is particularly true when the current heating system reaches its end-of-life.   

In their work for the Argyll and Bute Local Heat and Energy Efficiency Strategy, Zero Waste 
Scotland and Buro Happold assessed domestic properties only and excluded those which: 

• were believed to use mains gas as their main heating fuel (or for which the main 
heating fuel was unknown); 

• were believed to have a communal heating system with electricity as its main fuel; 
and 

• were believed to already have a heat pump. 
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These screening decisions were driven by the objectives of the study and factors specific to 
Argyll and Bute, including the strategic approach taken to off-gas areas as opposed to on-
gas areas. The same screening criteria were not used for this nationwide study because 
properties currently using mains gas can represent good candidates for low temperature 
heat network development. However, depending on geographic location, such development 
may or may not align with the objectives of local energy plans and strategies. Similarly, 

4.3.2 Heat source screening (inputs) 

Waste heat sources with estimated available waste heat temperatures exceeding 80°C were 
screened out from the dataset. Although it would be technically straightforward for these 
sources to supply heat into low temperature heat networks, it is likely that there are ‘better’ 
uses for high value, high temperature waste heat. Heat reuse and supply to high 
temperature heat networks are likely to be favoured over supply to low temperature heat 
networks. 

The Green Heat in Green Spaces (GHiGS) dataset includes many green spaces (or parts of 
green spaces) that are long and narrow, such as roadside verges. These features may have 
large total areas and so have the potential to host a large capacity of ground source heat 
infrastructure. However, the connection of features like closed loop boreholes over long 
linear distances is unlikely to be feasible for capital cost reasons as well as the challenges 
posed by pumping fluid over large distances. The linear reach of these green spaces means 
that it is possible for proximity analysis to link them to low temperature heat network 
opportunities that are situated close to their extremities.  

The mapped water bodies used for the assessment feature long, narrow elements. In 
addition to rivers, which can be viable for accessing water source heat, the mapped 
elements included drainage ditches and small, low flow rate water courses. 

Green spaces that are narrower than 10 metres (and <10m wide sections of broader-shaped 
green spaces) were eliminated from the dataset of green spaces that could be linked to 
opportunities. The same action was taken to address narrow water bodies. In both 
instances, it was found through trial and error that a 10-metre exclusion criterion worked to 
eliminate most roadside verges and ‘tendrils’ of green spaces as well as most drainage 
ditches and small burns. 

This was achieved by applying a 'negative' (inwards) buffer of 5m to green space and water 
body polygons to eliminate narrow features (followed by the application of a positive 5m 
buffer to restore the original dimensions of broader-shaped areas). 

Finally, green spaces and water bodies that have areas less than 1,000 square metres (after 
the application of the negative buffer described in the previous paragraph) were screened 
out of the dataset of green spaces and water bodies that could be linked to opportunities. 

Greenspace Scotland (2021) mapped green spaces greater than 100 square metres as 
potential heat sources for ground source heat pumps serving individual properties, with a 
100 square metre space assumed to be able to host one borehole. A space of 900 square 
metres (30m x 30m) was assumed to be able to host up to 9 boreholes. The GHiGS 
researchers applied a multiplier of 0.4 to the total area of mapped green spaces to align 
with an assumption that 40% of any one green space might be available for borehole 
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construction. We chose a minimum green space area of 1000 square metres to correspond 
with a realistic potential capacity for 4 boreholes and 50,000 kWh/year total heat supply to 
connected demands (equal to the minimum total heat demand of a cluster containing 10 
dwellings).  

The same area criterion was used for water bodies by considering the area of a small lake or 
pond that could - according to rules of thumb - supply 25,000 kWh/year. Non-static water 
bodies of the same "area" could supply more than this. 

4.3.3 Multi-Building Opportunity screening (outputs) 

Groupings created through proximity analysis that only featured a small number of buildings 
were screened out in order to generate the Multi-Building Opportunities dataset, according 
to the formula stated in Section 4.2.3 of this Appendix. Similarly, High Property Count Areas 
were separated from Multi-Building Opportunities according to the 1,000-property 
threshold explained in Section 4.2.3. 

If the screening criteria had involved a higher threshold for Multi-Building Opportunities, 
fewer Multi-Building Opportunities would have been identified, and they would have been 
on average smaller. If the screening criteria had involved a higher threshold for High 
Property Count Areas, more Multi-Building Opportunities would have been identified but 
the HPCAs would have been less numerous. With lower thresholds, the opposite impacts 
would apply. 

4.4 Trimming of Multi-Building Opportunity and High Property 
Count Area shapes 

The process that creates Multi-Building Opportunity groupings sometimes resulted in 
polygons with highly irregular shapes. Some examples of irregular shapes that had the 
potential to be confusing to users were presented to stakeholders. In general, stakeholders 
felt that it was worthwhile improving the boundaries of Multi-Building Opportunities, but 
that irregularities could be tolerated provided that users were informed of the significance 
of the shapes presented. 

Census Output Areas are a system of geographic division that often aligns with significant 
physical changes (such as transitions between built up areas and farmland). A trimming 
process was applied that removed parts of the polygons that belonged to different Census 
Output Areas to the rest of the opportunity area but contained no heat demands. The result 
was a set of ‘trimmed’ polygons which represented Multi-Building Opportunities. In general, 
this was a change that impacted the visual representation of the opportunities only (not the 
groupings of buildings or characterising data, other than the area of the opportunity 
polygon). 

However, in a small number of cases (138, or 1% of the Multi-Building Opportunities), the 
trimming process resulted in one or more heat demands being isolated from the grouping 
that they belonged to and thus lost from the Multi-Building Opportunity dataset. This 
unwanted side effect was potentially justified by the improvements achieved in terms of the 
visual representation of opportunities. However, it did mean that the link between the 
opportunity identification process and the data outputs was slightly compromised. It was 
not possible within the programme for the research to consult stakeholders regarding this 
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trade-off, nor to revert to a methodology that did not apply the trimming with Output 
Areas. Our recommendation is that future assessments do not include the ‘trimming’ 
process, but ideally stakeholders would be consulted (having been presented with 
information about the advantages and disadvantages) before a decision is made.   

4.5 Data quality risk assessment and mitigation 
Risk assessment focusing on data quality was carried out at the point of decision regarding 
input datasets and updated as the analysis progressed. Risks associated with systematic 
errors, outliers and datasets’ fitness for purpose were considered for all input datasets. 
Some data quality risks impact users’ likely interpretation of the results, requiring an active 
response. 

Table 17 summarises the main data quality issues identified that are linked to input 
datasets, and the responses adopted. 

Dataset Issue Response 

Scotland Heat Map – 
Heat Demand layer 

Inaccuracy (in general) of 
estimated heat demands due to 
reliance on modelling and 
benchmarks, underoccupancy 
and/or underheating 

Accept as a limitation of the 
national assessment 
methodology  

Scotland Heat Map – 
Heat Demand layer 

Inaccuracy of a small number of 
properties for which extremely 
large heat demands are reported 

Design proximity analysis 
methodology that neutralises 
outliers. Adjust individual heat 
demands for the purposes of 
summing heat demand within 
opportunity groupings 

Scotland Heat Map – 
Heat Demand layer 

Unrealistic assignment of heat 
demands within certain mixed-use 
buildings (see Section 4.2.1.4) 

Accept as a limitation of the 
national assessment 
methodology 
 

Scotland Heat Map – 
Heat Demand layer 

Inaccuracy of building height 
estimates from which ‘floor proxy’ 
values are derived 

Accept as a limitation of the 
national assessment 
methodology 

Scotland Heat Map – 
Potential Energy 
Supply layer 

Uncertainty and limitations of 
approach and input datasets as 
identified in the relevant project 
report 

Accept as a limitation of the 
national assessment 
methodology 
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Dataset Issue Response 

Home Analytics Inconsistent basis for deriving fuel 
poverty probability estimates in 
different geographic areas 

Accept as a limitation of the 
national assessment 
methodology. Mitigate impact 
on data user/audience 
understanding by expressing 
fuel poverty probability as 3-
tiered categories rather than 
absolute numbers 

Home Analytics Limitations of data used to derive 
LHEES Categories for each 
dwelling, and applicability to low 
temperature heat networks as 
opposed to air source heat pumps 

Accept as a limitation of the 
national assessment 
methodology 

Ordnance Survey 
MasterMap 

Fitness for purpose of mapped 
physical features as representing 
barriers to low temperature heat 
network construction and 
operation 

Accept as a limitation of the 
national assessment 
methodology 

Ordnance Survey 
ZoomStack 

Fitness for purpose of mapped 
physical features as representing 
barriers to low temperature heat 
network construction and 
operation 

Accept as a limitation of the 
national assessment 
methodology 

Table 17: Input data quality issue summary 

Table 18 summarises the main data quality issues identified that affect specific elements of 
output datasets, and the responses adopted. Some of these issues can be traced directly to 
input data quality issues listed in Table 17. 

Element of 
output dataset(s) Issue Response 

Multi-Building 
Opportunities 

138 ‘fragment’ polygons, each containing a 
small number of heat demands, were 
created by the trimming process described 
in Section 5.6. These were disconnected 
from the groupings they should have been 
part of. 

Accept as the ‘price’ of 
the Multi-Building 
Opportunity polygon 
shape improvements 
achieved by the trimming 
process. These fragments 
were deleted from the 
dataset. 
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Element of 
output dataset(s) Issue Response 

Multi-Building 
Opportunities 

Around 70 very small (<100m2) polygons 
are present. These are generally groupings 
that could have been Communal 
Opportunities, but either the building 
height has been recorded as being below 
7.5 metres or the properties are located at 
a point or points where there is no building 
footprint in Ordnance Survey MasterMap. 

Accept as a limitation of 
the national assessment 
methodology. 

Multi-Building 
Opportunities, 
Communal 
Opportunities 

A minority of heat demands present in the 
Scotland Heat Map 2022 and included 
within opportunity groupings are not 
represented in Home Analytics or Non-
Domestic Analytics11. Occasionally, the 
resulting data gap can lead to proportions 
not summing to 100% or to the correct 
numerical total. 

Accept as a limitation of 
the national assessment 
methodology. 

Multi-Building 
Opportunities, 
Communal 
Opportunities 

A minority of heat demands present in the 
Scotland Heat Map 2022 and included 
within opportunity groupings are 
represented in both Home Analytics and 
Non-Domestic Analytics11. Occasionally, the 
resulting data duplication can lead to 
proportions not summing to 100% or to the 
correct numerical total. 

Accept as a limitation of 
the national assessment 
methodology. 

Table 18:  Output data quality issue summary 

 Model execution step-by-step 
5.1 Initial dataset preparation 
5.1.1 Transformation of data format 

Datasets were transformed as required to allow for operation within the QGIS software that 
was used for all geospatial processing and analysis. For the provided datasets this included 
converting between tabular and spatial formats, combining the multiple Home Analytics CSV 

 

 
11 Often this issue can be attributed to changes to buildings that took place between the 
creation of the datasets on which the Scotland Heat Map 2022 was built, and the creation of 
the versions of Home Analytics and Non-Domestic Analytics used in the National 
Assessment. Demolitions or changes of use are common changes that would cause this 
issue. 
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files into a single shapefile, and ensuring all files were loaded using the relevant project 
Coordinate Reference System (CRS) for the QGIS file (ESPG:3857). Field structures were 
standardised across the datasets, with particular effort required to standardise the Unique 
Property Reference Numbers (UPRNs) in order to support the dataset joins required for the 
execution of the methodology. 

As noted in Section 4.5 of this Appendix, a minority of heat demands present in the Scotland 
Heat Map 2022 and included within opportunity groupings are not represented in Home 
Analytics or Non-Domestic Analytics. In these instances, specific UPRNs contained within the 
Scotland Heat Map were not present in the Home Analytics or Non-Domestic Analytics 
datasets. Around 7,000 heat demands within Multi-Building Opportunities (0.4%) had 
UPRNs that did not have matches in either the Home Analytics or Non-Domestic Analytics 
datasets. A similar fraction of heat demands within Communal Opportunities were affected. 
The impact of these non-matches is that, occasionally, the resulting data gap can lead to 
proportions not summing to 100% or to the correct numerical total. 

5.1.2 Cleaning and minimising 

The datasets were minimised by removing all attribute fields except those required for 
subsequent analytical steps.  

Table 19 lists the conditions used to clean and further minimise Scotland Heat Map Heat 
Demand layer data in order to create a useable dataset that was fit for the purpose of the 
national assessment. 

Scotland Heat Map Heat 
Demand layer field name Conditions for inclusion or exclusion 

base_issue_flag INCLUDE if value is “Building – has demand” 
Otherwise, EXCLUDE 

DESCRIPTIV EXCLUDE if value is “unclassified” 
Otherwise, INCLUDE 

heatdemand INCLUDE if value >5,000 kWh/year 
Otherwise, EXCLUDE 

CLASS EXCLUDE if value matches list in Table 16 

Table 19: Conditions applied to clean Scotland Heat Map heat demand data 

A cleaning process focused on removing features that were less relevant to low temperature 
heat network opportunities was carried out. Features that were labelled as “unclassified”, 
“no demand” or had an estimated demand under 5,000kWh per year were removed from 
the identification process. This was done to remove any demands unlikely to represent 
viable connections. Furthermore, the demand points were then refined using the building 
use classification codes provided through the SHM dataset. By screening out codes 
associated with heat demands which are minimal, likely overestimated or dominated by 
high temperature requirements (such as fish farms, petrol stations and timber mills 
respectively), we ensured that the remaining demand data points represent heat-consuming 
properties which could reasonably be potential off takers of heat from a low temperature 
heat network. 
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In rare instances (114 of several million), erroneous data was present in the ‘Building Age’ 
field of Home Analytics or Non-Domestic Analytics (either zero values or text that did not 
represent the building age). In these instances, data was replaced with ‘Unknown’, a valid 
value that was already present in other heat demand records. 

The Scotland Heat Map Potential Energy Supply layer was screened by excluding all heat 
source records where the value of the field “Temperature_range” was ‘80-120’ or ‘>120’. 
Geometric processing of green space and water body polygons to remove 'narrow' features 
is further described in Sections 4.3.2 and 5.8.2. The resulting green space and water body 
polygons which had total areas of less than 1,000 m2 were screened out (excluded) from the 
respective datasets of potential heat sources. 

5.1.3 Data quality risk mitigation 

Identified issues that were accepted as limitations (rather than actively addressed) are listed 
in Section 4.5 and discussed in other relevant sections of this report. 

One data quality issue that required action was large outlier heat demands. A small number 
of outlier heat demands were adjusted as per the conditions and calculations listed in Table 
20. The reasons for these adjustments are stated in Sections 4.2.1.3 and 4.2.1.4. 

Edited SHM Heat Demand 
layer field name Conditions for editing values Calculation of new value 

heatdemand (28 values 
edited) 

‘heatdemand’ value ≥ 
20,000 MWh/year 
AND 
‘confidence’ value < 5 

Lower of: 20,000 MWh/year, 
‘floor_area’ value * 
1 MWh/m2/year 
 

heatdemand (17 values 
edited) 

‘CLASS’ value = ‘CM03’ 
AND 
‘heatdemand’ value ≥ 
10,000 MWh/year 

‘heatdemand’ value * 0.425 

Table 20: Conditions for editing certain Scotland Heat Map heat demand data 

5.2 Minor processing of main working dataset 
5.2.1 Minor dataset joins 

In order to support the identification of opportunities, minor datasets joins were carried out 
to join the “Public Building” field found within the Non-Domestic Analytics to the SHM 
dataset. This was done to support the identification of anchor loads in the later stages of the 
methodology. This join was validated to confirm match rates within expectations of the 
number of demands.  

5.2.2 Minor interim field creation 

A number of fields were created to support opportunity identification through filtering, 
weighting and classification operations. Some of these fields served purely as interim data 
fields and so do not feature in the final output datasets. 
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A unique identifier field was created for the points within the main working dataset to allow 
for consistent tracking of demands across multiple stages of the methodology execution. 
Indicator fields were also created to distinguish between (and separately weight) domestic 
and non-domestic demands, and to identify demands which were considered public sector 
anchor loads. These indicator fields were crucial for representing the scale of potential 
opportunities and in their classification according to low temperature heat network 
archetypes.  

The methodology used the heat demand required by individual properties as the main 
determining factor of the distance over which it may be able to connect to others through a 
low temperature heat network. The estimated maximum connection distance of a demand 
was calculated in the QGIS Field Calculator using the formula:  

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶(0, �
Estimated Annual Heat Demand

LHD
� , 1000)  

In the formula, LHD (a proxy Linear Heat Demand – see Section 4.2.1.1) was 
2,000 kWh/year/metre for almost all heat demands, reflecting the value applied in previous 
regional low temperature heat network assessments and supported by a comparative cost 
model completed as part of this research. However, public sector anchor load properties 
were treated differently in order to reflect the advantages they hold in terms of their ability 
to connect to potential future heat networks. (Public sector anchor loads were identified 
where the field "PUBLIC_BUILDING_FLAG" in the Non-Domestic Analytics dataset had a 
value of "Local Authority", "Scottish Government", "UK Government" or "Other", and where 
the “heatdemand” field in the Scotland Heat Map was greater than 100 MWh per year.)   A 
lower figure of 1,500 kWh/year/metre was used for these demands. This resulted in such 
public sector properties having an influence over a proportionally larger area than that of 
the other demands. 

The “CLAMP(0,(X),1000)” function in the formula was used in order to prevent exceptionally 
large heat demands from being connected to other heat demands over unrealistically large 
distances (considering the increased risk, cost and delivery challenges associated with very 
long pipe runs) and to limit the impact of large heat demand outliers. The function limited 
the maximum buffer radius to 1 km. 

5.3 Communal Opportunity identification 
Utilising the OS Mastermap – Building Footprints shapefile, an initial spatial join step was 
undertaken to identify heat demands (point data) located within the same building footprint 
polygon. These co-located heat demands include those within buildings containing multiple 
units such as blocks of flats, tenements or their non-domestic equivalents. Using the “Join 
by Locations (Summary)” spatial join tool available within the QGIS software toolbox, the 
previously processed heat demand points were connected to the OS Building Footprints 
layer. This tool summarises all data points which relate to the selected geometry of the 
chosen layer and allows the calculation of property counts, sums of heat demand values, 
and other functions such as averages and majority values. 

When executing the join of the heat demand points to the building polygons, two data fields 
were selected to be summarised in order to identify Communal Opportunities. For an 
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opportunity to be considered as a Communal Opportunity it must meet both of the 
following criteria: 

• Grouping scale indicator is 10 or higher: The scale indicator is a sum of the values of 
one of the identifier fields discussed in the previous section, which weights domestic 
and non-domestic demands by assigning a value of 1 or 2 respectively. Groupings 
which have a scale indicator value of less than 10 (the threshold chosen by the 
researchers to include groupings as Opportunities) were removed from the 
Communal Opportunities dataset. 

• Majority “Floor_Proxy” is 3 or higher:  In the SHM dataset, the “floor_proxy” field is a 
“proxy for the number of floors in a building. Calculated based on a building height 
divided by 3 i.e. assumes a floor height of 3m”. Once the rounding involved in the 
calculation of the “floor_proxy” field is taken into account, this criterion is equivalent 
to the requirement for Communal Opportunities to have a height of at least 7.5 
metres. Although not perfect, this criterion tends to include blocks of flats, 
tenements and taller mixed-use buildings while excluding houses.  

All buildings containing groupings of heat demands that did not meet both criteria were 
deleted from the layer, leaving only the buildings which were deemed to be Communal 
Opportunities. The calculation and appending of characterising data for these opportunities 
is discussed later in this chapter.  

5.4 Separation of Communal Opportunities from main working 
dataset 

Opportunity groupings that involved spatially dispersed heat demands were dealt with 
through a separate process to the Communal Opportunities. This is because the proximity 
analysis used for the identification of Multi-Building Opportunities is ineffective when 
properties are situated in vertically above one-another. To prepare the main working 
dataset for proximity analysis, a spatial selection tool was used to separate the heat 
demands that had been grouped into Communal Opportunities from all other heat 
demands. The “Select by Location” tool available within the QGIS software toolbox was used 
to perform this step. The main working dataset (the heat demand points layer which had 
been cleaned and minimised) was filtered with reference to the building polygon layer 
created in Section 5.3. The heat demands that spatially interact with these buildings were 
exported to create a new layer of address-level data dedicated to Communal Opportunities. 
This selection was then inverted with the remaining demands being exported to a new layer 
which would be subjected to the identification process for Multi-Building Opportunities 
described in the following section. 

This activity created 2 distinct heat demand point layers (in addition to a master layer which 
contains all demand points post cleaning and minimising): 

1. The heat demands which were co-located with the building polygons created in 
Section 5.3 (heat demands within Communal Opportunities). 

2. The heat demands to be taken forward in the spatially dispersed section of the 
methodology. 
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5.5 Multi-Building Opportunity and High Property Count Area 
identification 

5.5.1 Drawing buffers around heat demands 

Utilising the buffer radius field created in the steps described in Section 5.2.2, circular 
buffers were drawn around the remaining heat demands within the geospatial environment. 
The radius of the circles represented the estimated distance within which connection to a 
low temperature heat network could be economically viable.  

5.5.2 Subtracting barriers 

To reflect physical and practical constraints that would be likely to influence a potential heat 
network, a dedicated “barriers” layer was created using Ordnance Survey map layers, 
including major roadways such as motorways and A-roads as well as other physical barriers 
such as railways, woodlands and waterways. This barrier shapefile was used to cut the 
previously-created buffer zones in an attempt for the generated opportunities to better 
represent deliverable conditions (rather than relying on heat density alone).  

The buffers were cut utilising the “difference” tool available on QGIS, removing only the 
sections where the buffer zones intersect with barriers.  

5.5.3 Deleting orphaned fragments and merging overlapping shapes 

The use of barrier shapes to cut buffer zones resulted in fragments of buffer zone polygons 
that were no longer spatially connected to the heat demand point from which the buffer 
zones were originally generated, but retained a connection to each other in the data 
environment. In order to identify and remove these fragments, the resultant layer was first 
processed using the “Multipart to Singlepart” tool. This tool separates the fragments which 
had been cut from the same single original shape into fully-individual polygons. 

A spatial check was then conducted to determine if any given fragment contained its source 
heat demand utilising the “ID” identifiers applied in an earlier process. This was done using 
the “Join by Location" tool in QGIS with the set up as shown in Figure 13. 
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Figure 13: “Join by Location” tool settings used for deleting orphaned polygon fragments 

The result of this process is the creation of a new polygon for each interaction between a 
parent heat demand and a child fragment with which it intersects12.  

The buffer fragments that pass this check were then dissolved (using the QGIS tool of the 
same name) to merge overlapping buffer areas into combined proto-opportunity areas.  

5.5.4 Joining attributes to polygons and screening by property count 

A spatial summary join was performed between the proto-opportunity polygons created in 
the previous step and the heat demand point data from which they were created. This 
enabled the polygons to be categorised as ‘opportunities’ or non-opportunities. Summary 
statistics were calculated to determine the total heat demand for the opportunities, as well 
as creating a grouping scale indicator similar to that created for Communal Opportunities 
(the sum of the heat demands’ values if domestic = 1 and non-domestic = 2).  

 

 
12 The “Join by Location” tool effectively allows all demands that fall within the spatial 
boundary of a single parts polygon to share its ID with that polygon, creating a new polygon 
for each interaction (i.e if a buffer fragment contains 5 demand points within it, 5 polygons 
with one ID each is added to this new layer). A check is then done which matches the ID 
which was attached to each heat demand point with the ID attached to each new polygon 
created by the “Join by Location” process. Any polygon without a matching ID (including if 
there are no heat demand points within it) was considered an “orphaned” fragment. and 
deleted from the developing polygons layer. 
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The proto-opportunity polygons were then filtered using a grouping scale indicator 
threshold of 10. Groupings which did not meet the threshold were deleted. 

5.6 Trimming of Multi-Building Opportunity and High Property 
Count Area shapes 

The process that creates Multi-Building Opportunity groupings, laid out in previous sections, 
sometimes results in polygons with highly irregular shapes. A trimming process was applied 
that cut opportunity areas along the boundaries of Census Output Areas, using the same 
tools as described in Section 5.5.213. This action created fragments that belonged to 
different Output Areas to the rest of the opportunity area but contained no heat demands. 
These fragments were deleted and the remaining areas (all containing heat demands) were 
re-joined using the process described in Section 5.5.3. The result was a set of ‘trimmed’ 
polygons which represented Multi-Building Opportunities. In general, this was a change that 
impacted the visual representation of the opportunities only (not the groupings of buildings 
or characterising data, other than the area of the opportunity polygon). 

In a small number of cases (138, or 1% of the Multi-Building Opportunities), the trimming 
process resulted in one or more heat demands being isolated from the grouping that they 
belonged to. These fragments were deleted from the Multi-Building Opportunity dataset. 

5.7 Separation of Multi-Building Opportunities and High Property 
Count Areas 

With the final Opportunity areas created and summary statistics joined, a further 
classification step was completed to differentiate between High Property Count Areas and 
the Multi-Building Opportunities which form the focus of the national assessment. Using the 
property count fields added in a previous step, High Property Count Areas were separated 
from the other polygons whenever the property count was greater than or equal to 1,000. 

High Heat Demand Areas were identified within the High Property Count Areas dataset by 
selecting only those areas with total heat demands above 100,000 MWh per year. 

5.8 Matching of non-contiguous heat sources to opportunities 
5.8.1 Waste heat sources 

13 new data centre locations were identified through a web search and added to the waste 
heat sources dataset from the Scotland Heat Map (without any of the characterising data 
that is present in the SHM).   

 

 
13 The output area polygons available from National Records of Scotland required to be 
converted into line data format and buffered by 1 metre to give them physical breadth that 
could interact with opportunity area polygons. Cut opportunity areas were then buffered by 
1.1 metres to allow them to re-connect. 
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Buffer radii were calculated for all waste heat sources using the process described in Section 
5.2.2, but this time using a Linear Heat Density proxy of 4,000 kWh/metre/year multiplied 
by their estimated annual heat supply capacity. Data centres that do not feature in the 
Scotland Heat Map dataset were assigned a buffer radius of 1 km. Buffers were then drawn 
in the GIS environment using the process described in Section 5.5.1. 

Maximum connection distances were calculated for Communal Opportunities and Multi-
Building Opportunities, also using a Linear Heat Density proxy of 4,000 kWh/metre/year 
multiplied by their total estimated annual heat demand. 

A proximity analysis considered the separation between a waste heat source’s point 
location and either the building footprint of a Communal Opportunity or the geometric 
centroid of a Multi-Building Opportunity. The centroid was chosen as the evaluation point to 
avoid instances where ‘limbs’ extending from Multi-Building Opportunity polygons were 
close to waste heat sources but the majority of the heat demands were not. The choice of 
the centroid also limited instances where large areas of open green space were within reach 
of the waste heat source, but heat demands were not.  

Using spatial join operations in QGIS, any demand evaluation points (building footprints or 
opportunity centroids) located within the maximum supply-driven connection distance of 
each waste heat source were taken forward for further evaluation based on the demand-
driven maximum connection distance.  

For each waste heat source and opportunity pairing identified through a spatial intersection, 
lines were drawn between the waste heat locations and the point or polygon representing 
the opportunity. This was done using the “Shortest Line Between Points” tool in QGIS. Each 
line represented a potential match between supply and demand, with the line also 
facilitating the calculation of the distance between the two. These distances were compared 
against the corresponding demand-driven maximum connection distances previously 
calculated. Any lines that exceed the maximum distance for their matched demand group 
were removed from the analysis. Each remaining connection line therefore represented a 
viable spatial match between a waste heat source and an opportunity. 

Waste heat sources that had been matched with low temperature heat network 
opportunities were processed into a dedicated output dataset which captures their 
locations and the relevant fields present in the original Scotland Heat Map layer such as the 
heat source sector and annual supply potential (where available).  

5.8.2 Blue and green spaces 

The blue space dataset was created by combining Ordnance Survey mapping of static water 
bodies, waterways and coasts into a single file. This included rivers, canals, lochs and other 
major surface water features. 

The Green Heat in Green Spaces (GHiGs) dataset was produced by Greenspace Scotland 
specifically to support the identification of opportunities for hosting ground source heat 
infrastructure in public green spaces, including in connection with heat networks. The 
country’s mapped green spaces were already subjected to a degree of screening in the 
preparation of the dataset. An additional screening step removed blue and green space 
polygons with areas of less than 1,000 m2. 

https://uoe.sharepoint.com/sites/ClimateXChange/Shared%20Documents/Comms/www.climatexchange.org.uk


National assessment of low temperature heat network opportunities| Page 95 

www.climatexchange.org.uk 

Both the blue space and GHiGs datasets were subject to a geoprocessing step that removed 
narrow parts of the polygons present. This enabled the subsequent process of matching 
green and blue space with opportunities to avoid creating unrealistic connections (as 
explained in Section 4.3.2). This was done by applying a negative (inwards) buffer of 5m to 
the shapefile which will remove any polygon (or part of a polygon) that is narrower than 10 
metres. The resultant layer was then buffered again by 105m (positive, outwards) to 
counteract the initial negative buffer and implement a maximum matching search radius of 
100 metres from the boundary of a green or blue space. 

A spatial join was then conducted between the blue and green spaces’ buffers and the 
opportunities (both multi-building and communal) identified in previous steps. Intersections 
between these features represented matches between heat sources and opportunities. 

5.9 Identification and characterisation of anchor loads and cooling 
customers 

Public sector anchor loads were identified according to the criteria stated in Section 5.2.2. 
Non-public sector anchor loads were identified where the field "PUBLIC_BUILDING_FLAG" in 
the Non-Domestic Analytics dataset had a value of "Not applicable", and where the 
“heatdemand” field in the Scotland Heat Map was greater than 200 MWh per year. Both 
types of anchor load were processed into dedicated output datasets which capture their 
locations and characteristics that are relevant to the viability of connecting them to a low 
temperature heat network. (Dataset joins using the anchor loads’ Unique Property 
Reference Numbers (UPRNs) enabled data from both Scotland Heat Map and Non-Domestic 
Analytics to be brought together.) 

Potential cooling customers existing within Multi-Building Opportunity groupings were 
identified through application of the criteria set out in Table 21 to the relevant datasets and 
performing of a spatial join. The type of building, infrastructure or process was included in a 
dedicated output dataset which also captures the location of each potential cooling 
customer. 

Data source Criteria 

Scotland Heat Map 2022 
‘Potential Energy Supply’ 
layer 

Sector equals "Brewery", "Cooling Towers", "Data centre", or 
"Supermarket" 

Scotland Heat Map 2022 
‘Heat demands’ layer 

Ordnance Survey Class Description (tertiary level) is 
“Hotel/Motel” (CH03), “Bingo Hall / Cinema / Conference / 
Exhibition Centre / Theatre / Concert Hall” (CL07) or “Hospital 
/ Hospice” (CM03) – or secondary level description is “Office” 
(CO). 

and 

Heat demand > 100MWh/year. 

Table 21: Criteria for the identification of potential cooling customers within Multi-Building 
Opportunities 
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5.10 Characterisation of Communal Opportunities and Multi-
Building Opportunities 

A range of characterising data fields were joined onto the Communal Opportunities and 
Multi-Building Opportunities spatial datasets. (Data fields integral to the opportunity 
identification process – namely, heat demands and domestic and non-domestic property 
counts – were already present for these layers as well as for High Property Count Areas.) 

Characterising data mostly came from the three address-level datasets (Scotland Heat Map, 
Home Analytics and Non-Domestic Analytics), with some additional spatial data derived 
from open government sources (Local Authority and Data Zone boundaries, the Scottish 
Index of Multiple Deprivation and the Scottish Government Urban Rural Classification). The 
source of each data field in the Communal Opportunities and Multi-Building Opportunities 
layers is listed in Table 24 and Table 22. Full details of input datasets are given in Section 3.1 
of this Appendix. 

The Unique Property Reference Number (UPRN) was the data field used to match values 
from Home Analytics and Non-Domestic Analytics with the heat demand points that derived 
from the Scotland Heat Map. The vast majority of SHM heat demand points were also 
present in the relevant other dataset. However, a total of 6,588 (0.4% of 1.5 million) SHM 
heat demand UPRNs which were part of Multi-Building Opportunities or High Property 
Count Areas were not present in Home Analytics or Non-Domestic Analytics. This could have 
been due to incompleteness of datasets, inconsistencies with UPRN assignment, changes of 
use, or building demolition. A similarly small fraction of heat demands in Communal 
Opportunities were affected.  

Data from the aforementioned sources was summed, counted or formed the input to 
further calculations (such as percentages of overall totals). For some data fields, a majority 
(modal) value from the grouped heat demands was calculated. In some instances, the 
requirement for data to be aggregated to a certain level (to satisfy data protection and 
licensing requirements) meant that criteria had to be met for a value to be reported. The 
calculations applied to each field in the Communal Opportunities and Multi-Building 
Opportunities layers are set out in Table 23 and Table 25. 

Where Scotland Heat Map UPRNs were absent from the other datasets, data relating to 
these heat demands was excluded from the calculations of group characteristics. This 
explains why occasionally some values do not sum to the totals that would otherwise we 
expected. Percentage results represent the distribution of characteristics across heat 
demands that had Home Analytics and/or Non-Domestic Analytics records only. 

Some characterising data fields relate to low temperature heat network ‘archetypes’ that 
may or may not apply to a particular opportunity. These archetypes were defined by the 
researchers as set out in Table 14, Section 4.2.10. Archetype identification sometimes 
required spatial joins to be conducted with layers representing heat sources and anchor 
loads. Other archetypes are defined by opportunity characteristics like area and urban/rural 
classification. 

  

https://uoe.sharepoint.com/sites/ClimateXChange/Shared%20Documents/Comms/www.climatexchange.org.uk


National assessment of low temperature heat network opportunities| Page 97 

www.climatexchange.org.uk 

SHM = Scotland Heat Map, HA = Home Analytics, NDA = Non-Domestic Analytics, GHiGS = 
Green Heat in Green Spaces. Table continues on subsequent pages. 

Short Field 
Name 

Full Field Description Source 

ID_2 Communal Opportunity identification number  None (original) 

ParentUPRN Communal Opportunity ‘Parent’ Unique Property 
Reference Number (UPRN) 

SHM 

Local_Aut2 Local Authority data.gov.uk 

Data_Zone2 2022 Data Zone data.gov.uk 

SIMD_Deci2 Data Zone Overall Scottish Index of Multiple Deprivation 
(SIMD) Decile 

data.gov.uk 

UrbRur8_2 2022 Urban-Rural 8-fold classification data.gov.uk 

HeatDemnd2 Communal Opportunity estimated total annual heat 
demand in MWh 

SHM 

Dom_Count2 Communal Opportunity number of dwellings SHM 

ND_Count2 Communal Opportunity number of non-domestic heat 
demands 

SHM 

Soc_Ten%2 Communal Opportunity percentage of dwellings with 
social tenure 

HA 

FP_Band2 Communal Opportunity fuel poverty band HA (banding is 
original) 

Fuel_Gas%2 Communal Opportunity percentage of heat demands with 
mains gas as the main fuel type 

HA and NDA 

Fuel_Ele%2 Communal Opportunity percentage of heat demands with 
electricity as the main fuel type 

 

Fuel_Oth%2 Communal Opportunity percentage of heat demands with 
other as the main fuel type 

 

Sys_Boil%2 Communal Opportunity percentage of heat demands with 
boiler as the main heating system 

HA and NDA 

Sys_HP%2 Communal Opportunity percentage of heat demands with 
heat pump as the main heating system 

 

Sys_Comm%2 Communal Opportunity percentage of heat demands with 
a communal system as the main heating system 

 

Sys_Othr%2 Communal Opportunity percentage of heat demands with 
other as the main heating system 
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Short Field 
Name 

Full Field Description Source 

LHEECt0%2 Communal Opportunity percentage of dwellings in LHEES 
Low Carbon Heat Category 0 

HA 

LHEECt1%2 Communal Opportunity percentage of dwellings in LHEES 
Low Carbon Heat Category 1 

 

LHEECt2%2 Communal Opportunity percentage of dwellings in LHEES 
Low Carbon Heat Category 2 

 

LHEECt3%2 Communal Opportunity percentage of dwellings in LHEES 
Low Carbon Heat Category 3 

 

BLCon_Gas2 Communal Opportunity baseline total annual heat 
consumption from mains gas in MWh 

SHM, HA and 
NDA 

BLCon_Ele2 Communal Opportunity baseline total annual heat 
consumption from electricity in MWh 

 

BLCon_Oth2 Communal Opportunity baseline total annual heat 
consumption from other fuel in MWh 

 

Bldg_Age2 Communal Opportunity building age SHM 

Heritge%_2 Communal Opportunity percentage of properties with 
building heritage designation(s) 

HA and NDA 

Off_Gas%_2 Communal Opportunity percentage of properties 
estimated to be “off gas” 14 

SHM 

EleGrdCap2 Communal Opportunity electricity grid capacity band DNO data15 

Bldg_MoMu Communal Opportunity building “MoMu class”16 NDA 

HeatSrceW2 Number of heat sources of type Waste Heat matched to 
Communal Opportunity  

SHM 
(identification 
is original) 

 

 
14 ‘Off gas’ refers to a property location being more than 63 metres from the nearest Scotia 
Gas Network gas distribution pipe. It is not related to the fuel used in that property. 
Independent gas networks are not included. 
15 Long Term Development Statements, Network Development Plans, Heat Maps and 
Primary Substation Polygons from the two Distribution Network Operators that serve 
Scotland. 
16 ‘MoMu class’ is an archetype group developed by Energy Savings Trust that represents 
common types of blocks of flats in Scotland.   
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Short Field 
Name 

Full Field Description Source 

HeatSrceG2 Number of heat sources of type Greenspace matched to 
Communal Opportunity 

GHiGS 
(identification 
is original) 

HeatSrceB2 Number of heat sources of type Blue Space (water bodies) 
matched to Communal Opportunity 

Ordnance 
Survey 

HeatScMWh2 Communal Opportunity matched waste heat sources total 
annual potential supply in MWh 

SHM 

Archtyp1_2 Type of Communal Opportunity (Domestic, Mixed Use, 
Non-domestic) 

SHM 

Archtyp2_2 Heat Source Led archetype, if applicable None (original) 
Table 22:  Source of characterising data fields in the Multi-Building Opportunities output layer 
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SHM = Scotland Heat Map, HA = Home Analytics, NDA = Non-Domestic Analytics, GHiGS = 
Green Heat in Green Spaces. Table continues on subsequent pages. 

Short Field 
Name 

Full Field Description Source 

Cluster_ID Multi-Building Opportunity identification number  None (original) 

Local_Aut1 Local Authority data.gov.uk 

Data_Zone1 2022 Data Zone in which majority of heat demands lie data.gov.uk 

SIMD_Deci1 Overall Scottish Index of Multiple Deprivation (SIMD) 
Decile of Data Zone in which majority of heat demands lie 

data.gov.uk 

Urb%_1 Percentage of heat demands in Urban areas (according to 
2022 Urban-Rural 8-fold classification) 

data.gov.uk 

HeatDemnd1 Cluster estimated total annual heat demand in MWh SHM 

Dom_Count1 Cluster number of dwellings SHM 

ND_Count1 Cluster number of non-domestic heat demands SHM 

Soc_Ten%1 Cluster percentage of dwellings with social tenure HA 

FP_Band1 Cluster dwelling fuel poverty band HA (banding is 
original) 

Fuel_Gas%1 Cluster percentage of heat demands with mains gas as the 
main fuel type 

HA and NDA 

Fuel_Ele%1 Cluster percentage of heat demands with electricity as the 
main fuel type 

 

Fuel_Oth%1 Cluster percentage of heat demands with other as the 
main fuel type 

 

Sys_Boil%1 Cluster percentage of heat demands with boiler as the 
main heating system 

HA and NDA 

Sys_HP%1 Cluster percentage of heat demands with heat pump as 
the main heating system 

 

Sys_Comm%1 Cluster percentage of heat demands with a communal 
system as the main heating system 

 

Sys_Othr%1 Cluster percentage of heat demands with other as the 
main heating system 
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Short Field 
Name 

Full Field Description Source 

LHEESCt0%1 Cluster percentage of dwellings in LHEES Low Carbon Heat 
Category 0 

HA 

LHEESCt1%1 Cluster percentage of dwellings in LHEES Low Carbon Heat 
Category 1 

 

LHEESCt2%1 Cluster percentage of dwellings in LHEES Low Carbon Heat 
Category 2 

 

LHEESCt3%1 Cluster percentage of dwellings in LHEES Low Carbon Heat 
Category 3 

 

BLCon_Gas1 Cluster baseline total annual heat consumption from 
mains gas in MWh 

SHM, HA and 
NDA 

BLCon_Ele1 Cluster baseline total annual heat consumption from 
electricity in MWh 

 

BLCon_Oth1 Cluster baseline total annual heat consumption from 
other fuel in MWh 

 

Heritge%_1 Cluster percentage of properties with building heritage 
designation(s) 

SHM 

Off_Gas%_1 Cluster percentage of properties estimated to be “off 
gas”  17 

HA and NDA 

EleGrdCap1 Cluster electricity grid capacity band DNO data18 

HeatSrcW_1 Number of heat sources of type Waste Heat matched to 
cluster 

SHM 
(identification 
is original) 

HeatSrcG_1 Number of heat sources of type Greenspace matched to 
cluster 

GHiGS 
(identification 
is original) 

HeatSrcB_1 Number of heat sources of type Blue Space (water bodies) 
matched to cluster 

Ordnance 
Survey 

 

 
17 ‘Off gas’ refers to a property location being more than 63 metres from the nearest Scotia 
Gas Network gas distribution pipe. It is not related to the fuel used in that property. 
Independent gas networks are not included. 
18 Long Term Development Statements, Network Development Plans, Heat Maps and 
Primary Substation Polygons from the two Distribution Network Operators that serve 
Scotland. 
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Short Field 
Name 

Full Field Description Source 

HeatScMWh1 Cluster matched waste heat sources total annual potential 
supply in MWh 

SHM 

ArctypAnc1 Anchor Load Led archetype, if applicable None (original) 

ArctypHSL1 Heat Source Led archetype, if applicable None (original) 

ArctypNhd1 Urban Neighbourhood archetype, if applicable None (original) 

ArctypStr1 Street Scale archetype, if applicable None (original) 

Clust_Area Area of Multi-Building Opportunity polygon in square 
metres 

None (original) 

Pub_Anc_L1 Indicator of presence of public sector anchor loads None (original) 

Oth_Anc_L1 Indicator of presence of non-public sector anchor loads None (original) 
Table 23: Calculation of characterising data fields in the Communal Opportunities output layer 
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Table continues on subsequent pages 

Short Field 
Name 

Full Field Description Calculation, if applicable 

 All applicable fields Where a data field is a calculated 
majority (modal) value, the value will be 
“NULL” if there is no majority value (e.g. 
if there is a tie) 

ID_2 Communal Opportunity 
identification number  

 

ParentUPRN Communal Opportunity ‘Parent’ 
Unique Property Reference 
Number (UPRN) 

Majority (modal) value within grouped 
heat demands 

Local_Aut2 Local Authority  

Data_Zone2 2022 Data Zone  

SIMD_Deci2 Data Zone Overall Scottish Index 
of Multiple Deprivation (SIMD) 
Decile 

 

UrbRur8_2 2022 Urban-Rural 8-fold 
classification 

 

HeatDemnd2 Communal Opportunity 
estimated total annual heat 
demand in MWh 

Sum 

Dom_Count2 Communal Opportunity number 
of dwellings 

Count19 

ND_Count2 Communal Opportunity number 
of non-domestic heat demands 

Count19 

Soc_Ten%2 Communal Opportunity 
percentage of dwellings with 
social tenure 

Count of dwellings with social tenure 
divided by count of dwellings19. Number 
of domestic properties in building must 
be at least 5, otherwise data point will 
be "NULL" 

 

 
19 In QGIS, rather than performing a ‘Count’ calculation, it was necessary to sum a field that 
contained a ‘1’ for heat demands that were to be counted and a ‘0’ for all other heat 
demands. 
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Short Field 
Name 

Full Field Description Calculation, if applicable 

FP_Band2 Communal Opportunity fuel 
poverty band 

Category assigned on the basis of 
average fuel poverty probability 
percentage for dwellings in group. 
Number of domestic properties in 
building and with a value in the relevant 
field must be at least 10, otherwise data 
point will be "NULL" 

Fuel_Gas%2 Communal Opportunity 
percentage of heat demands with 
mains gas as the main fuel type 

Count of heat demands using the fuel 
divided by count of heat demands 
within the grouping19 

Fuel_Ele%2 Communal Opportunity 
percentage of heat demands with 
electricity as the main fuel type 

 

Fuel_Oth%2 Communal Opportunity 
percentage of heat demands with 
other as the main fuel type 

 

Sys_Boil%2 Communal Opportunity 
percentage of heat demands with 
boiler as the main heating system 

Count of heat demands using the 
heating system divided by count of heat 
demands within the grouping19  

Sys_HP%2 Communal Opportunity 
percentage of heat demands with 
heat pump as the main heating 
system 

 

Sys_Comm%2 Communal Opportunity 
percentage of heat demands with 
a communal system as the main 
heating system 

 

Sys_Othr%2 Communal Opportunity 
percentage of heat demands with 
other as the main heating system 
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Short Field 
Name 

Full Field Description Calculation, if applicable 

LHEECt0%2 Communal Opportunity 
percentage of dwellings in LHEES 
Low Carbon Heat Category 0 

Count of dwellings in the category 
divided by count of dwellings within the 
grouping19 

LHEECt1%2 Communal Opportunity 
percentage of dwellings in LHEES 
Low Carbon Heat Category 1 

Number of domestic properties in each 
count must be at least 5, otherwise data 
point will be "NULL" 

LHEECt2%2 Communal Opportunity 
percentage of dwellings in LHEES 
Low Carbon Heat Category 2 

 

LHEECt3%2 Communal Opportunity 
percentage of dwellings in LHEES 
Low Carbon Heat Category 3 

 

BLCon_Gas2 Communal Opportunity baseline 
total annual heat consumption 
from mains gas in MWh 

Sum of heat demands of all properties 
in grouping that use the fuel 

BLCon_Ele2 Communal Opportunity baseline 
total annual heat consumption 
from electricity in MWh 

 

BLCon_Oth2 Communal Opportunity baseline 
total annual heat consumption 
from other fuel in MWh 

 

Bldg_Age2 Communal Opportunity building 
age 

Majority (modal) value within grouped 
heat demands 

PropTy_maj Communal Opportunity majority 
domestic property type, if 
applicable 

Majority (modal) value within grouped 
domestic heat demands 

Heritge%_2 Communal Opportunity 
percentage of properties with 
building heritage designation(s) 

Count of heat demands which are either 
in Conservation Areas or Listed divided 
by count of heat demands within the 
grouping19 

Off_Gas%_2 Communal Opportunity 
percentage of properties 
estimated to be “off gas” 20 

Count19 of heat demands which are 
recorded as “off gas” divided by count 
of heat demands within the grouping 

 

 
20 ‘Off gas’ refers to a property location being more than 63 metres from the nearest Scotia 
Gas Network gas distribution pipe. It is not related to the fuel used in that property. 
Independent gas networks are not included. 
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Short Field 
Name 

Full Field Description Calculation, if applicable 

EleGrdCap2 Communal Opportunity 
electricity grid capacity band 

Category assigned on the basis of the 
expected available headroom at the 
location’s primary substation as a 
proportion of expected primary 
substation capacity in 2030 

Bldg_MoMu Communal Opportunity building 
“MoMu class”21 

Majority (modal) value within grouped 
domestic heat demands 

HeatSrceW2 Number of heat sources of type 
Waste Heat matched to 
Communal Opportunity  

Count 

HeatSrceG2 Number of heat sources of type 
Greenspace matched to 
Communal Opportunity 

Count 

HeatSrceB2 Number of heat sources of type 
Blue Space (water bodies) 
matched to Communal 
Opportunity 

Count 

HeatScMWh2 Communal Opportunity matched 
waste heat sources total annual 
potential supply in MWh 

Sum 

Archtyp1_2 Type of Communal Opportunity 
(Domestic, Mixed Use, Non-
domestic) 

If grouping heat demands are all 
domestic, archetype is Domestic. If 
grouping heat demands are all non-
domestic, archetype is Non-domestic. 
Otherwise, archetype is Mixed Use 

Archtyp2_2 Heat Source Led archetype, if 
applicable 

If at least one Waste Heat, Greenspace 
or Blue Space heat source is matched to 
the opportunity, archetype applies 

Table 24: Sources of characterising data fields in the Communal Opportunities output layer 

 

 

 
21 ‘MoMu class’ is an archetype group developed by Energy Savings Trust that represents 
common types of blocks of flats in Scotland.   
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Table continues on subsequent pages 

Short Field 
Name 

Full Field Description Calculation, if applicable 

 All applicable fields Where a data field is a calculated 
majority (modal) value, the value will 
be “NULL” if there is no majority value 
(e.g. if there is a tie) 

Cluster_ID Multi-Building Opportunity 
identification number  

 

Local_Aut1 Local Authority Majority (modal) value within grouped 
heat demands 

Data_Zone1 2022 Data Zone in which majority 
of heat demands lie 

 

SIMD_Deci1 Overall Scottish Index of Multiple 
Deprivation (SIMD) Decile of Data 
Zone in which majority of heat 
demands lie 

 

Urb%_1 Percentage of heat demands in 
Urban areas (according to 2022 
Urban-Rural 8-fold classification) 

Count of heat demands in location 
classified as Urban divided by count of 
heat demands within the grouping22 

HeatDemnd1 Cluster estimated total annual heat 
demand in MWh 

Sum 

Dom_Count1 Cluster number of dwellings Count22 

ND_Count1 Cluster number of non-domestic 
heat demands 

Count22 

Soc_Ten%1 Cluster percentage of dwellings 
with social tenure 

Count of dwellings with social tenure 
divided by count of dwellings22. 
Number of domestic properties in 
cluster must be at least 5, otherwise 
data point will be "NULL" 

 

 
22 In QGIS, rather than performing a ‘Count’ calculation, it was necessary to sum a field that 
contained a ‘1’ for heat demands that were to be counted and a ‘0’ for all other heat 
demands. 
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Short Field 
Name 

Full Field Description Calculation, if applicable 

FP_Band1 Cluster dwelling fuel poverty band Category assigned on the basis of 
average fuel poverty probability 
percentage for dwellings in group. 
Number of domestic properties in 
cluster and with a value in the relevant 
field must be at least 10, otherwise 
data point will be "NULL" 

Fuel_Gas%1 Cluster percentage of heat 
demands with mains gas as the 
main fuel type 

Count22 of heat demands using the 
fuel divided by count of heat demands 
within the grouping 

Fuel_Ele%1 Cluster percentage of heat 
demands with electricity as the 
main fuel type 

 

Fuel_Oth%1 Cluster percentage of heat 
demands with other as the main 
fuel type 

 

Sys_Boil%1 Cluster percentage of heat 
demands with boiler as the main 
heating system 

Count22 of heat demands using the 
heating system divided by count of 
heat demands within the grouping 

Sys_HP%1 Cluster percentage of heat 
demands with heat pump as the 
main heating system 

 

Sys_Comm%1 Cluster percentage of heat 
demands with a communal system 
as the main heating system 

 

Sys_Othr%1 Cluster percentage of heat 
demands with other as the main 
heating system 

 

LHEESCt0%1 Cluster percentage of dwellings in 
LHEES Low Carbon Heat Category 0 

Count of dwellings in the category 
divided by count of dwellings within 
the grouping22 

LHEESCt1%1 Cluster percentage of dwellings in 
LHEES Low Carbon Heat Category 1 

Number of domestic properties in 
each count must be at least 5, 
otherwise data point will be "NULL" 

LHEESCt2%1 Cluster percentage of dwellings in 
LHEES Low Carbon Heat Category 2 

 

LHEESCt3%1 Cluster percentage of dwellings in 
LHEES Low Carbon Heat Category 3 
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Short Field 
Name 

Full Field Description Calculation, if applicable 

BLCon_Gas1 Cluster baseline total annual heat 
consumption from mains gas in 
MWh 

Sum of heat demands of all properties 
in grouping that use the fuel 

BLCon_Ele1 Cluster baseline total annual heat 
consumption from electricity in 
MWh 

 

BLCon_Oth1 Cluster baseline total annual heat 
consumption from other fuel in 
MWh 

 

Heritge%_1 Cluster percentage of properties 
with building heritage 
designation(s) 

Count of heat demands which are 
either in Conservation Areas or Listed 
divided by count of heat demands 
within the grouping22 

Off_Gas%_1 Cluster percentage of properties 
estimated to be “off gas” 23 

Count of heat demands which are 
recorded as “off gas” divided by count 
of heat demands within the grouping22 

EleGrdCap1 Cluster electricity grid capacity 
band 

Category assigned on the basis of the 
expected available headroom at the 
location’s primary substation as a 
proportion of expected primary 
substation capacity in 2030 

HeatSrcW_1 Number of heat sources of type 
Waste Heat matched to cluster 

Count 

HeatSrcG_1 Number of heat sources of type 
Greenspace matched to cluster 

Count 

HeatSrcB_1 Number of heat sources of type 
Blue Space (water bodies) matched 
to cluster 

Count 

HeatScMWh1 Cluster matched waste heat 
sources total annual potential 
supply in MWh 

Sum 

 

 
23 ‘Off gas’ refers to a property location being more than 63 metres from the nearest Scotia 
Gas Network gas distribution pipe. It is not related to the fuel used in that property. 
Independent gas networks are not included. 
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Short Field 
Name 

Full Field Description Calculation, if applicable 

ArctypAnc1 Anchor Load Led archetype, if 
applicable 

If at least one anchor load is present 
within the grouped heat demands, 
archetype applies 

ArctypHSL1 Heat Source Led archetype, if 
applicable 

If at least one Waste Heat, Greenspace 
or Blue Space heat source is matched 
to the opportunity, archetype applies 

ArctypNhd1 Urban Neighbourhood archetype, 
if applicable 

If the area within the cluster boundary 
is more than 3,000 m2 and less than or 
equal to 100,000 m2 and at least 80% 
of heat demands are in locations 
classified as ‘urban’, archetype applies 

ArctypStr1 Street Scale archetype, if 
applicable 

If the area within the cluster boundary 
is less than or equal to 3,000 m2, 
archetype applies 

Clust_Area Area of Multi-Building Opportunity 
polygon in square metres 

 

Pub_Anc_L1 Indicator of presence of public 
sector anchor loads 

 

Oth_Anc_L1 Indicator of presence of non-public 
sector anchor loads 

 

Table 25: Calculation of characterising data fields in the Multi-Building Opportunities output layer 
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 Quality assurance 
Stakeholder engagement provided some high-level quality assurance of elements of the 
model design, including key assumptions. Data quality risk assessment and responses are 
discussed in Section 4.5 of this Appendix. This chapter discusses dedicated quality assurance 
activities carried out in addition to stakeholder engagement and data quality risk 
assessment. 

6.1 Researchers’ quality assurance 
Quality assurance checks carried out on the model and its outputs included: 

• review of model scope, specification and model map; 
• review of methodology (this Appendix) for correctness and fitness-for-purpose; 
• review of data outputs User Guide for completeness and fitness-for-purpose; 
• maintenance of version control; 
• review of data outputs: 
• units, precision and data type (numbers, text) 
• field and layer labelling 
• empty data fields, extreme values and distributions within data layers 
• checksums 
• review of visualisations for readability and accuracy; 
• development of Assumptions Log and Quality Assurance Log, including Issues Log 

and Possible Improvements Log. 

Issues noted were either resolved through adjustments to the model or accepted and 
discussed in the appropriate section of this Appendix. 

6.2 Scottish Government quality assurance 
A meeting was held with Scottish Government representatives during which elements of the 
model were demonstrated within the QGIS software environment. Questions were posed 
and answered on diverse aspects of the methodology. Scottish Government representatives 
also reviewed Sections 2 to 5 of this Appendix and the Assumptions Log. 
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 Potential improvements 
The following potential improvements have been identified while developing and 
implementing the methodology for the national assessment: 

• Conducting sensitivity analysis on the Linear Heat Density-proxy assumption to 
generate an understanding of how the number and scale of Multi-Building 
Opportunities varies. This could help practitioners decide which opportunities they 
should focus on, and would help researchers to build the evidence base regarding 
the contribution that low temperature heat networks could make to decarbonising 
heat in buildings.  

• Investigating the impact of using the same Linear Heat Density-proxy assumption for 
public sector anchor loads as for all other types of building. If the impact of treating 
public anchor loads differently is negligible, the methodology could be simplified. 

• Incorporating more recently updated heat demand data from Home Analytics, Non-
Domestic Analytics or other sources (including the Scotland Heat Map should it be 
updated). Improving accuracy due to increasing Energy Performance Certificate 
(EPC) coverage, new data collection and the development of improved modelling 
methodologies will improve the ability of the national assessment methodology to 
identify locations likely to be suitable for low temperature heat networks. 

• Sub-archetypes (for example, types of Communal Opportunity based on occupancy 
or building form) could be developed.  

• Scottish Water information regarding the location and capacity of wastewater 
treatment plants would expand the number of potentially viable waste heat sources 
available to be matched with nearby low temperature heat network opportunities. 

• Ordnance Survey building use classes could be used to expand the list of important 
sources of waste heat beyond those included in the SHM “Potential Energy Supply” 
layer. 

• Research into the waste heat capacity of non-fossil fuelled thermal power stations 
(e.g. from condensers that form part of the steam cycle) and anaerobic digestion 
plants could support the expansion of potential sources of waste heat that could 
supply low temperature heat networks. 

• Improvements to the available data concerning green spaces and woodland could 
improve the accuracy of the matches identified between green spaces and low 
temperature heat network opportunities. 

• Information on the variation of waste heat availability with time (from daily profiles 
to seasonal fluctuations) would improve confidence in the degree to which demand 
from heat users on a network can be met from a waste heat source. 
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