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HIU  Hydraulic Interface Unit 
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1 EXECUTIVE SUMMARY 

This work has been carried out as part of the ETI’s wider Macro Distributed Energy (DE) 

research project to understand the economics and therefore the opportunities for DE across the 

UK.  Understanding the capital cost (CAPEX) of District Heating Networks (DHN) is an 

important part of that process as the networks typically represent 60% of the capital cost of a 

scheme.  The work combines a statistical approach with detailed design modelling tools 

incorporating GIS mapping data and cost data from recent UK DHN projects. 

 

The economic case for Macro-DE in Great Britain (GB) is being assessed by carrying out 

detailed economic and energy modelling for 20 Characteristic Zones. The results from these 

zones will then be extrapolated to GB as a whole.  

 

The purpose of this report is to document the results obtained from District Heating Network 

(DHN) modelling of a sample comprising of three Characteristic Zones (CZs) containing 16 

Middle Layer Super Output Areas (MLSOAs) in total.  The purpose of carrying out DHN 

modelling in the Macro DE project is to verify the proposed Macro DE Cost Algorithm and 

determine any unknown factors to be able to confidently extrapolate results for the remaining 

characteristic zones which will not be individually modelled.   The costs calculated for each CZ 

will then be used to establish the GB benefits case for DHNs.  An additional benefit of the DHN 

modelling is the associated calculations of heat loss and required pumping energy which also 

has been included in the analysis. 

 

The DHN modelling tool TERMIS, which includes both hydraulic and thermodynamic modelling 

of DHN networks, has been used for the analysis. 

 

DHN models have been built for three CZs containing a total of 16 MLSOAs. They cover a 

representative range of the total population consisting of 20 CZs with 91 MLSOAs.  The models 

are created as preliminary models based on a 1:1 transformation of GIS road centre lines into a 

DHN followed by a manual review to correct anomalies arising from some minor limitations of 

this automated approach. 

 

Baseline data for the CZs/MLSOAs for area, annual heat demand and peak heat demand 

originating from the WP2 heat demand analysis have been applied to the various purposes 

(scenarios) of the simulations. 

 

The main results obtained can be listed as: 

 

 Sample CZs have been assessed as being representative for the population. 

 The lower limit for ground-floor plan area of buildings to be connected to the DHN has 

been established at 30 m².  This criterion is derived from UK planning guidance and 

actual data.  

 A relationship between Area Heat Density (AHD) and Length of Distribution pipe (LOD) 

has been established for dwellings and tertiary buildings with a high level of confidence. 
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 A relationship between Line Heat Density and ratio of GIS-derived road length to Length 

of Transmission pipe (LOT) has been established with a high level of confidence. 

 Cost book for a range of pipe sizes established, sizing of transmission pipes conducted 

and costs calculated. 

 Relationship between Line Peak Heat Density and Cost of Transmission (COT) pipes 

has been established with a high level of confidence. 

 Revised approach of the Detailed Algorithm established based upon the results of LOD, 

LOT and COT. 

 Relationship between Line Heat Density and Heat Loss of the transmission system has 

been established with a high level of confidence. 

 The pumping Power Requirement has been calculated for the three CZs as a function of 

Line Heat Density.  The results are in line with reference data from Danish DHN 

published statistics on actual schemes. 

 

 

 

Overall Conclusions 

 

The relationships derived show that the Revised Algorithm as now constructed will provide a 

suitable method for estimating costs for all CZs using cost book data derived for the UK and 

based on actual DH designs produced using standard design software for 3 sample areas in the 

UK. 

 

There is a strong relationship with line heat density and the use of GIS data on road length 

together with statistics on fuel use in a given area would enable a first estimate of DH costs to 

be made for any MLSOA in the UK. 

 

As the Figure below shows the TERMIS curve which represents the costs for schemes using 

actual designs and the Revised Algorithm costs which assumes an 80% market penetration and 

shared connections for terraces and semi-detached houses. This is a significant improvement 

on the accuracy of the Simplified Algorithm which was derived from more limited data and over 

estimated costs in high density areas. 
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Revised Cost Algorithm for District Heating Network capital costs 
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2 INTRODUCTION OF SCOPE 

The scope of work for the DHN modelling is described under variation 2, which includes stage 3 

and stage 4, in the document: 

 

 ETI Macro Distributed Energy Project 

 Proposal for Variation 1 and 2 related to District Heating Network Algorithm 

Version 6 August 5th 2011 

 

The scope is summarized as follows: 

 

 Stage 3 - produce preliminary network designs using DH design software (TERMIS) for 

three CZs from which costs can be estimated for a range of heat densities using the 

costs from stage 1 (the cost book), Ref. 1. 

 Stage 4 - analyse the costs obtained in Stage 3 to derive relationships that can be used 

to estimate the parameters in the cost algorithms, Ref. 1, and hence provide cost 

estimates for the remaining CZs. 

 

The workflow of the scope is illustrated in Figure 2-1. 

 

 
Figure 2-1: Scope workflow. 
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The approach is to produce a DHN design for three CZs which will be strategically selected to 

cover a representative range of heat densities on MLSOA level for a total of 15 - 20 MLSOAs 

from which relationships then can be derived. 

 

Heat Demand, Peak Heat Demand, Area, Households and Road Length (as provided by the 

ETI) are already available within the consortium on MLSOA level for all CZs.  Area Heat Density 

(AHD) and Line Heat Density (LHD) have additionally been calculated for each MLSOA, where 

LHD is defined as heat demand per km of GIS road length. Thereby a representative sample of 

MLSOAs can be selected. 

 

The Road Length data are readily available from ETI and are intended for future use for 

estimating the length of Transmission pipes within each MLSOA. It will be an additional task 

within this scope to compare these to the road lengths as derived from the full GIS which is 

used for the DHN modelling. Note that the originally additional planned use of GIS Water Pipe 

Length was not used in the early stages of the scope as this data turned out to be impracticable 

to collect. 

 

The following statement has been received from ETI which describes how the ETI Road Length 

data has been derived: 

 

The MLSOA road length data was derived from two freely-available GIS datasets published by 

Ordnance Survey: Meridian2 and VectorMap. Using GIS software these datasets were 

combined with the boundaries for middle layer census super output areas (MLSOAs) to 

calculate the length of road in each area. 

 

Meridian2 was found to be suitable to derive the length of major roads (A, B and M roads) 

because it represents all roads as a simple line feature, avoiding double counting of dual 

carriageways, slip roads etc. However, being a high-level dataset intended for UK-wide 

analysis, Meridian2 was found to have insufficient resolution of minor roads to give accurate 

estimates of minor road length in individual MLSOAs. For minor roads estimates were therefore 

derived in the same manner from the VectorMap dataset, a much higher resolution product. The 

approach and derivation were verified by comparison to statistics on road lengths per local 

authority published by DfT (http://www.dft.gov.uk/statistics?post_type=table&series=road-

lengths-series) 

 

The DHN design is semi-automatically generated by the use of GIS based data of road centre 

lines, buildings, MLSOA boundaries and elevations. The GIS data was supplied from: 

 

http://www.emapsite.com/ 

 

The combined data sets are used to generate the topology of the preliminary DHN in the 

TERMIS software package, allocate heat demand and assign a location for the DH Plant 

(Energy Centre).  In addition to the GIS road centre lines used for the DHN modelling road 

lengths at the MLSOA level as supplied by ETI will be used in developing the relationships. 

 

The DHN models are then used for pipeline dimensioning, pipeline cost calculation, heat loss 

calculation and pumping energy requirement calculations for the for the transmission pipeline 

system. 

 

Key data, findings and results are extracted from the complete process and conclusions and 

recommendations are documented. 

 

http://www.emapsite.com/
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3 WORK PROCEDURE 

The works have been conducted by following the procedures as described in the following 

sections 3.1 - 3.5. 

3.1 Sample Selection 

Select the CZs to be used for the DHN so that an appropriate coverage of the energy density 

range on MLSOA level for the full population is achieved.  The sample size is assumed to be 

adequate if it includes 15-20 MLSOAs, refer to12.1.1 Assumption1 - Sample Size. for more 

details. 

 

At the same time the distribution of the sample by energy density should be close to the 

distribution of energy density of the population. This is checked by plotting frequency diagrams 

for both the sample and the population; these plots should then cover the entire energy density 

spectrum for plots with similar frequency distributions. 

3.2 Data Preparations 

A basic check of GIS data extracted is carried out for each CZ which cover road centre lines, 

buildings, MLSOA borders and ground elevations.  This check has focused on verifying the 

consistency of the topology and the relationships between layers where required. 

 

The road centre poly-lines from GIS need to be verified for consistency before being converted 

to a DHN.  A manual visual process is carried out to eliminate errors. Where the centre line of 

roads translate into impractical layouts e.g. a loop following a roundabout, these are broken or  

excluded, double lines are deleted and major energy transport paths are identified in order to 

accommodate the location of the District Heating Plant (DHP) within the model. Detached roads 

(pipes), mainly at MLSOA boundaries, are attached by manually adding extra roads and excess 

roads (pipes) are deleted. Roads and buildings were affiliated to an MLSOA. 

 

The buildings polygons from GIS are converted to DH demand points using the building centre 

point as location and ground-floor plan area as a basic metric for expected heat demand for the 

individual building. Based on building sizes each building is assigned to one of three classes, 

Out House, Dwelling or Tertiary; refer to 12.1.2 Assumption 2 – Building Classification for more 

details. 

3.3 Model Build & Configuration 

The DHN is considered to consist of three primary elements: 

 

 The transmission pipe system which generally is installed along the roads. 

 The distribution pipe system which connect the buildings to the transmission pipe 

system. 



E.T.I. Macro DE   

D.H.N. Design and Algorithm Verification May 2012 

Mooney Kelly NIRAS Page 11 

 The equipment needed to connect the buildings to the DHN typically comprising control 

valves, heat meters and heat exchangers and collectively described as the hydraulic 

interface unit or HIU. 

 

The modified GIS data for each CZ is converted to a unified DHN model covering the 

transmission pipes only. One model for each CZ, each model contains several scenarios. 

 

Additional checks and corrections are performed after model generation with focus on a 

hydraulic and thermodynamic consistent layout. This includes further deletion of pipes for 

efficiency purposes. Valves are introduced to close critical loops that hinder localisation of the 

main pipes in the transmission network. For efficiency purposes pressure zones, if any, are 

identified and hydraulically isolated using valves and/or boosters pumps at the connecting 

pipes. 

 

Demand data is added by using the given heat loads for each MLSOA scaled onto the demand 

point by use of the associated building size. Average annual heat demands, seasonal heat 

demands and peak heat demands are added to the model as a catalogue which enabled the 

model to easily shift between different load scenarios. Customer demand data is then added to 

the transmission system by locating the nearest transmission pipe and affiliating the customer 

demand. The “line” used to affiliate a demand to a transmission pipe is assumed to be a good 

representation for the associated distribution pipe, the length of this distribution pipe is 

transferred to the demand point as an extra attribute. 

 

A pipe type catalogue (cost book) is established from Ref. 1, pipe dimensioning criteria defined 

and a DHP added. 

3.4 Scenarios & Simulations 

A number of scenarios are defined and configured for each CZ and associated simulations 

conducted before results are extracted and reported.  

 

The first scenarios to be simulated are the pipe dimensioning scenarios, which assigns optimal 

pipe types to each pipe segment based on the pipe type catalogue and the dimensioning 

criteria. The results of the pipe dimensioning are updated to the model and reused in the 

following scenarios. 

 

The remaining scenarios are created to calculate heat loss and pumping power requirement. 

These scenarios are created per season for summer, winter and transition. These scenarios are 

further detailed by introducing diurnal curves for the variation over a single day. Diurnal curves 

for weekday and weekend day are available resulting in a total of 18 scenarios. 

 

All in all 7 scenarios are created for each CZ. 

3.5 Results Analysis 

Input and output data from the data preparation, model configuration and scenario simulations 

is exported and collated in relevant results tables. Based on the results tables plots of expected 

relationships are created to check, verify and establish adequate relations with good/high 

confidence. 

 

Empirical relationships are analysed for LOD, LOT, COT, Heat Loss and Pumping Power 

Requirement as a function of AHD, LHD, AHPD or LPHD. Confidence levels of the relations 

observed are evaluated by the SEM, where SEM below 20 % will be considered as good 
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confidence in order to accept a relation and a SEM below 10 % will be considered as high 

confidence.  

 

All results are summarized in the Technical Conclusion, section 10,  
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4 SAMPLE SELECTION 

A normalized frequency diagram of the 91 MLSOAs contained in the 20 CZs has been 

produced, both with Area Heat Density and Line Heat Density as basis, ration of annual heat 

demand by area and road length for each MLSOA level, described in more detail in section 8. 

Both plots display a Log Normal nature, see Figure 4-1 and Figure 4-2. 

 

Both AHD and LHD are calculated at a level of resolution based on the MLSOA dataset. AHD is 

therefore calculated from the estimated heat demand  in an MLSOA (as derived in WP2) divided 

by the total geographic area of the MLSOA. LHD is calculated from the estimated heat demand 

in an MLSOA divided by the total road length in the area. This road length has been taken as 

the unadjusted road lengths provided by the ETI (see section 2 page 9).  

 

 
Figure 4-1: Frequency diagram of AHD for MLSOA population. 

 
Figure 4-2: Frequency diagram of LHD for MLSOA population. 
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Three CZs have been identified which cover a wide range of energy density, (AHD and LHD), 

and contain 16 MLSOAs in total. The basic data for these CZs and for each MLSOA are 

detailed in sections 4.1 - 4.3 and verified as a representative sample in section 4.4. 

 

 

4.1 CZ 70 Harrow - West London Area 

CZ 70 is located in the West London Area and contains 6 MLSOAs as shown in Figure 4-3. 

 

 

 
Figure 4-3: Location and layout of CZ 70 Harrow. 

 

Basic data available are listed in Table 4-1. 
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Table 4-1: Basis input data for CZ 70 Harrow. 

 

4.2 CZ 148 Westminster - Central London Area 

CZ 148 is located in the Central London Area and contains 3 MLSOAs as shown in Figure. 

 

 
Figure 4-4: Location and layout of CZ 148 Westminster. 
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Basis data available are listed in Table 4-2. 

 

 
Table 4-2: Basis input data for CZ 148 Westminster. 

 

 

4.3 CZ 313 Solihull - South East Birmingham Area 

CZ 313 is located in the South East Birmingham Area and contains 7 MLSOAs as shown in 

Figure 4-5. 

 

 
Figure 4-5: Location and layout of CZ 313 Solihull. 
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Basis data available are listed in Table 4-3. 

 

 
Table 4-3: Basis input data for CZ 313 Solihull. 

4.4 Sample Verification 

The data of the sample has been added to the frequency diagrams and the results are seen in 

Figure 4-6 and Figure 4-7. 

 
Figure 4-6: Frequency diagram of AHD for MLSOA sample and population. 

 
Figure 4-7: Frequency diagram of LHD for MLSOA sample and population. 
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The result of a carefully matched sample, as opposed to a random selected sample, is clear as 

this relatively small sample size will represent the population quite well. This is seen from both 

Figure 4-6 and Figure 4-7 the log normal frequency associated with the sample is almost 

identical to the log normal frequency for the population and the sample is therefore assumed to 

be representative for the population. Refer to 12.1.1 Assumption1 - Sample Size. for more 

details on sample size assumptions. This could be further verified by performing a statistical test 

on the hypothesis that the sample mean and/or variance is identical to the population mean 

and/or variance. Such test falls outside the current scope of work. 
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5 DATA PREPARATIONS 

The received GIS data have, for each CZ included in the sample, been validated for 

compatibility and flaws/inconsistencies using MapInfo (Pitney Bowes Software) and Model 

Manager (the model building tool associated with TERMIS, 7-Technologies/Schneider Electric). 

Thereafter the adjusted/corrected GIS data has been adapted using both programs for 

construction of a DHN model for each sample CZ. 

 

5.1 Data Validation 

The GIS data used for each of the selected CZs covers roads, road centre lines, buildings, 

MLSOA borders and ground elevations. 

 

The data sources provided for the Harrow sample area (other areas are similar) were: 

  

File Name Provider/Data description 

Harrow_Areas Office for National Statistics/MLSOA boundary 

shapefiles 

BoundaryLine Emapsite/ OS Mastermap shapefile 

TQ_Road_Clip Opendata/ Meridian 2 shapefile 

TopographicArea Emapsite/ OS Mastermap shapefile 

MinorRd Opendata/ Meridian 2 shapefile 

TopographicLine Emapsite/ OS Mastermap shapefile 

TopographicPoint Emapsite/ OS Mastermap shapefile 

CartographicSymbol Emapsite/ OS Mastermap shapefile 

Harrow_vectormap_roads_Clip Opendata/ Meridian 2 shapefile 

  

Office for National Statistics website link is: http://www.statistics.gov.uk/hub/index.html 

Opendata website link is: http://www.ordnancesurvey.co.uk/oswebsite/products/os-opendata.html 

Emapsite website link is https://www.emapsite.com 

 

All these data has been loaded into MapInfo and Model Manager for detailed analysis, both 

qualitative and quantitative, for suitability to be converted into a DHN and for statistical summary 

of the available attributes. A snapshot of the data validation process for CZ 70 using Model 

Manager is shown in Figure 5-1. 

 

http://www.statistics.gov.uk/hub/index.html
http://www.ordnancesurvey.co.uk/oswebsite/products/os-opendata.html
https://www.emapsite.com/
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Figure 5-1: Data validation snapshot of CZ 70 Harrow. 

GIS layers shown in Figure 5-1 are: Harrow_Areas, BoundaryLine, TQRoad_Clip, 

TopographicArea, MinorRd, TopographicLine, TopographicPoint, CartographicSymbol.  

5.2 Data Adaptation 

The road centre lines have been modified prior to the model build to ensure that a consistent 

topology is achieved for DHN modelling purposes. Road centre lines have been split on MLSOA 

boundaries and the relevant MLSOA name has been assigned to each pipe as an additional 

attribute. All centre lines outside the CZ have been deleted, unless in special cases where this 

would lead to isolated pipe segments along the CZ borders. 

An example of the first step in road centre line to MLSOA affiliation for CZ 70 is shown in Figure 

5-2. 
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Figure 5-2: Affiliation of road centre lines to MLSOAs for CZ 70 Harrow. 

GIS layers shown in Figure 5-2 is: TQRoad_Clip. 

 

It is clear from Figure 5-2 that the isolated “pipe” segments along the MLSOA boundaries need 

to be manually connected to the main network topology. 

 

The network topology has been scanned for loops and a high number of these have been 

removed or broken as well as doublets have been deleted. Various examples of identified loops 

that have been deleted or broken inside CZ 70 using Model Manager are shown in Figure 5-3. 

 

 
Figure 5-3: Identified and adjusted loops in CZ 70 Harrow. 
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GIS layers shown in Figure 5-3 are: Harrow_Areas, BoundaryLine, TQRoad_Clip, 

TopographicArea. 

 

This data cleaning process is not as detailed as that needed for a final DHN design, but uses 

the road centre line as a basis and corrects layouts that are clearly in conflict with general DHN 

design principles. 

 

Major energy transport routes, the main transmission system, have been identified; loops and 

excess piping in this context have been removed. An example of this in CZ 313 (Solihull) using 

MapInfo is shown in Figure 5-4. 

 

 
Figure 5-4: Defining the main transmission system in CZ 313 Solihull. 

GIS layers shown in Figure 5-4 are: TopographicArea, Solihull_vectormap_roads_Clip. 

 

The Buildings GIS layer (polygons) has been converted in to DH demands (points) using the 

building ground floor plan area as key parameter for the associated heat load. The customer 

points are created at the centre point of each building using a standard tool from the MapInfo 

program. MapInfo documentation for this procedure I provided in the text box bellow: 

 

“Usually the center of a map object. For most map objects, the centroid is located at the middle 

of the object (the location halfway between the northern and southern extents and halfway 

between the eastern and western extents of the object). In some cases, the centroid is not at 

the middle point because there is a restriction that the centroid must be located on the object 

itself. Thus, in the case of a crescent-shaped region object, the middle point of the object may 

actually lie outside the limits of the region; however, the centroid is always within the limits of 

the region.” 

 

Buildings with a ground floor area smaller than 30 m2 have been classified as an “Out House” 

and consequently assumed not to be connected to the DHN. Buildings with ground area above 

200 m² have been classified as “Tertiary” and buildings in between are classified as “Dwellings”. 

Red ”pipes” removed 
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Refer to Table 5-1. The tertiary buildings may be either commercial or institutional buildings or 

apartment blocks. 

 

Area Classification 

[m²] [class] 

0 - 30 Out House 

30 - 200 Dwelling 

200 - Tertiary 

Table 5-1: Building classification. 

The background for this assumption on building classification is documented in 12.1.2 

Assumption 2 – Building Classification. 

 

Customer energy demand is assigned to the nearest transmission pipe using the built-in 

demand affiliation tool in Model Manager. This will generate an extra line for each customer 

point pointing to the nearest point in the nearest model pipe; from here the demand is routed to 

the nearest node where it is assigned. The affiliation lines can therefore be used as an 

approximated basis for distribution pipes. 

 

An example of this process for CZ 70 Harrow is shown in Figure 5-5. 

 

 
Figure 5-5: Buildings converted to customers and affiliated to model pipes. 
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6 MODEL BUILD & CONFIGURATION 

After having completed the data preparation stage the modified GIS data for each sample CZ 

were converted into a unified DHN model covering the transmission pipes. The distribution 

pipes as generated from the demand affiliation were exported for separate statistical analysis. 

6.1 Model Build 

CZ 148 Westminster converted to a hydraulic network model in TERMIS is shown in Figure 6-1. 

 

 
Figure 6-1: TERMIS model of CZ 148 Westminster. 

Additional corrections to pipeline data were performed after the model generation. These 

corrections mainly consisted of further deletion of pipes for hydraulic/thermodynamic network 

efficiency purposes.  

 

All pipes have been classified by road type to be able to distinguish re-instatement cost by road 

type. An example of the road type classification process is shown for CZ 70 Harrow in Figure 

6-2. 
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Figure 6-2: Road type classification of CZ 70 Harrow. 

During the classification, the road class is transferred to the pipe generated from the road centre 

line and manually added pipes are first classified as “MKN-add” and when all pipes are 

classified, the manually added pipes are re-classified to fit the general road classification. This 

is illustrated in Figure 6-2 by the left and right version of the road classification. 

 

For operational efficiency purposes pressure zones have been identified and hydraulically 

separated by closed valves and booster pumps at the connecting points. In some cases 

additional valves have been added to close hydraulically critical loops. 

 

Pressure zones were identified using 3D topology plots of the ground elevations at model 

nodes. This is shown for CZ 70 Harrow in Figure 6-3. 
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Figure 6-3: 3D plot of ground elevation for CZ 70 Harrow. 

The separation of the high elevation area by closed valves and boosters for CZ 70 is illustrated 

in Figure 6-4.  

 

 
Figure 6-4: Separation of two pressure zones in CZ 70 Harrow. 
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Separation of a high elevated area in CZ 313 is illustrated in Figure 6-5 which also includes 

several closed valves added to close critical loops that hinder localisation of the main 

transmission system. 

 

 
Figure 6-5: Separation of high elevated area and closing of critical loops for CZ 313 Solihull. 

6.2 Heat Loads 

To define and run basic scenarios, for dimensioning and average conditions, both average heat 

demands and peak heat demands are required in the models, as hourly values. These are 

added to the models via LOOKUP tables which allow each scenario in the model to easily shift 

between the various heat loads from the LOOKUP table. 

 

The same LOOKUP table also contains information on accumulated building area of each 

building class which is used to automatically distribute the chosen load onto the buildings by the 

building area ratio. 
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The LOOKUP table in TERMIS for CZ 70 is shown in Table 6-1. 

 

 
Table 6-1: Heat load LOOKUP table for the TERMIS model of CZ 70 Harrow. 

The heat loads in Table 6-1 are taken from Table 4-1 and the total building areas are exported 

from the model configuration data in Model Manager, which again is originating from the GIS 

building layer. The building distribution into categories is described in section 5.2 and specified 

in 12.1.2, Assumption 2 – Building Classification. 

Accordingly similar tables have been generated for CZ 148 Westminster and CZ 313 Solihull 

using heat load data from Table 4-2 - Table 4-3. 

 

The actual heat demand at each customer point classified as Dwelling or Tertiary within each 

MLSOA (Ej) has been configured in the model to be calculated as: 

 

 𝐸𝑗  =  
𝐴𝑖

∑ 𝐴𝐷𝑤𝑒𝑙𝑙𝑖𝑛𝑔𝑠 + ∑ 𝐴𝑇𝑒𝑟𝑡𝑖𝑎𝑟𝑦

∙ 𝐸𝑇𝑌 Equation 6-1 

 

Where: 

Ei,j  Heat demand for heat type j at building i 

Ai  Area of building i 

ADwellings Area of all Dwellings within the MLSOA 

ATertiary Area of all Tertiary within the MLSOA 

ETY  Total heat load of the MLSOA 

i  Index for each building of classes Dwellings and Tertiary 

j  Index for selected heat load (average heat demand or peak heat demand) 

 

This approach is an approximation which is widely used for modelling on similar data grounds. It 

is limited due to the lack information for the number of floors in a building; the GIS data only 

enables the identification of building as a two dimensional polygon. For the MLSOAs in question 

the impact is expected to be small as most areas have buildings of similar height. 

 

6.3 Operational Configuration 

When positioning the DHP in the model various conditions were considered: 

 

a. Available space, typically a park or similar. 

b. Geographical placement typically central to the network. 

c. Adequate transportation roads to the plant. 

d. Topographically central with respect to elevation. 
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CZ 70 Harrow CZ 148 Westminster CZ 313 Solihull 

  
 

   
Figure 6-6: Positioning of the district heating plants within the 3 CZ models. 

For a real design, the DHP would most likely be located outside of the residential areas and 

supplying the MLSOA via a bigger transmission pipeline and sub-stations (heat exchangers) at 

the MLSOAs supply points. 

 

Each DHP has been configured to operate with operational controls and settings as listed in 

Table 6-2. 

 

Control Setting Comment 

Plant supply temperature 90 C  

Plant return temperature 50 C  

Plant return pressure 1.5 bar  

Plant controlling difference pressure 0.5/0.7 bar At critical consumer 

Return temperature adaption ON  

Table 6-2: DHP Controls and settings. 

Other required and relevant DHN controls and settings have been defined as listed in Table 6-3.  

 

Control Setting Comment 

Ambient ground temperature 10 C  

Cooling at consumers 45 C  

Booster difference pressure 0.5 bar At critical location 

Table 6-3: DHN Controls and settings. 

Enabling return temperature adaption in TERMIS converts the cooling at the consumers to a 

return temperature, which is then adapted to meet the return temperature at the plant. This way, 

both mass and energy balance is obtained in the model without having to adjust all customer 

cooling values manually. 
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Positioning and pressure difference control of the DHP illustrated in Figure 6-7 for CZ 148 

Westminster. 

 

 
Figure 6-7: DHP position and control for CZ 148 Westminster. 
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7 SCENARIOS & SIMULATIONS 

With the models built by topology, heat loads assigned and operational controls and settings 

defined the system is now ready for further defining and running the required scenarios. 

7.1 Pipeline Dimensioning& Costs 

The pipeline dimensioning scenarios have been run as the first, as these define the pipe types 

which are to be known before any other scenario can be run. 

 

Global pipeline dimensioning criteria have been defined for the main transport pipes, defined as 

pipes with diameter from 200 mm and above and for the secondary transmission pipes defined 

as pipes with diameter below 200 mm. These dimensioning criteria are listed in Table 7-1 

 

Index Pipe Category Velocity Criteria Head Loss Criteria 

1 D  200 mm  v  2.0 m/s H  10mwc/km 

2 D < 200 mm v  1.5 m/s H  10 mwc/km 

Table 7-1: Pipeline dimensioning criteria. 

A pipe type catalogue and cost books for pipe types and HIUs have been established from Ref. 

1, see Table 7-2 . The cost columns, the two rightmost columns, are used for cost calculations 

of the DHN where the PriceCat1 column is used for major roads (Primary roads and A roads) 

with high reinstatement costs and the PriceCatMin is used for minor roads with lower 

reinstatement costs. 

 

 
Table 7-2: Pipe type catalogue and cost book. 

Note that the 20 mm pipe is not to be used for dimensioning of the transmission system; this 

pipe type is only included in the pipe catalogue table for cost calculations. 
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Table 7-3: HIU cost book from Ref. 1. 

Using the above pipeline dimensioning criteria and associated pipe type catalogue the resulting 

DHN is dimensioned in two steps: 

 

1. Conduct a simulation using criteria set 1 from Table 7-1 with all pipes set to “Unknown” 

type. 

2. Apply the selected pipe types to all pipes with diameter of 200 mm and above, leave the 

remaining pipes with “Unknown” type. 

3. Conduct a second simulation using criteria set 2 from Table 7-1. 

4. Apply the selected pipe types to all pipes with type “Unknown”. 

 

After having completed the four steps above for each CZ model a pipe type is assigned to all 

pipes within the DHN. The result of such a dimensioning procedure is shown for CZ 148 

Westminster in Figure 7-1. 

 

 
Figure 7-1: Completed pipeline dimensioning for CZ 148 Westminster. 

With the pipeline dimensioning complete for each CZ the associated costs of the complete DHN 

has been extracted via a dedicated report which combines the selected pipe type, the pipe 

length and the road type, see Figure 6-2, extracts the correct price from the cost book, Table 

7-2 and calculates the total cost for each pipe. 
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Two cost reports have been defined, a summary report and a detailed report, which shows 

several levels of information on the calculated DHN costs. 

 

 The Summary report.  

Total DHN cost and cumulated pipeline length per MLSOA. 

 The Detailed report.  

Total cost per pipe and cumulated pipeline length per pipe type per MLSOA. 

 

The Summary report for CZ 148 Westminster is shown to the left in Figure 7-2, and a selection 

of the Detailed report is shown to the right. 

 

 
Figure 7-2: Pipe cost report for CZ 148 Westminster. 

The complete cost reports for all three MLSOA can be found in 12.2Appendix 2 – Cost Reports. 

7.2 Heat Loss& Pumping Energy 

To calculate the expected annual heat loss and the required pumping energy from the DHN 

transmission system it is required to include both seasonal and daily variation in heat demand.  

 

Dedicated scenarios have been configured for each season, summer, winter and transition and 

diurnal demand curves have been added for working days and weekend days. This leads to 6 

scenarios for each CZ to be run to generate results for each season for each day type. In total 

18 scenarios. 

 

These scenarios have been configured by use of the demand data originating from EDF-Eifer’s 

Work Package 2 outputs, see 12.3 Appendix 3 – Heat Demands. These data have been scaled 

on MLSOA level and entered into the model as a daily average for each season combined with 

an hourly diurnal normalized curve describing the variation over the day, see Table 7-4 and 

Figure 7-3. 
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Table 7-4: Heat demands for CZ 313 Solihull, Winter Weekday. 

 

 
Figure 7-3: Normalized diurnal variation curve CZ 313 Solihull, Winter Weekday. 

The same diurnal variation has been applied for both dwellings and tertiary. 

 

Each scenario is run for a 24 hour period and results for heat loss and pumping power 

requirement extracted and scaled by the number of days the specific scenario represent within 

a year, refer to Table 7-5. 

 

 Winter Summer Transition Total 

Weekday 87 88 86 261 

Weekend 34 34 36 104 

Total 121 122 122 365 

Table 7-5: Distribution of days by seasons. 

Daily heat losses are extracted from each scenario for each MLSOA and the total annual heat 

loss is calculated as: 

 

 ∆𝐸𝑀𝐿𝑆𝑂𝐴 =  ∑ ∆𝐸𝑖,𝑗
𝑀𝐿𝑆𝑂𝐴 ∙ 𝑁𝑖,𝑗 Equation 7-1 

 

Where: 

EMLSOA Annual heat loss for a MLSOA 

Ei,j  Daily heat loss for season type i and day type j 

Ni,j  Number of days of season type i and day type j 
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For calculation of the pumping power requirement, i.e. the power to be delivered from the 

pumps without including efficiency of pump and motor etc. a characteristic pumping curve is 

required. A standard pump has been selected for all three models and the power curve been 

adjusted to exclude influence from efficiencies, i.e. the pump is assumed to operate at 100% 

efficiency at all operational situations. See Figure 7-4. 

 

 
Figure 7-4: Pump characteristic used for calculation of pump power requirements. 

Daily pumping power requirements are extracted from each scenario and the total annual 

pumping power requirement is calculated on CZ level as: 

 

 𝐸𝐶𝑍 =  ∑ ∆𝐸𝑖,𝑗
𝐶𝑍 ∙ 𝑁𝑖,𝑗 Equation 7-2 

 

Where: 

ECZ  Annual pumping power requirements for a CZ 

Ei,j  Daily pumping power requirements for season type i and day type j 

Ni,j  Number of days of season type i and day type j 
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8 ANALYSIS OF RESULTS 

All results generated from the data preparations, model building and scenario simulations are 

compiled and analysed in the following sections 8.1 - 8.5. 

 

In general, it is assumed that relations exists between LOD, LOT, COT, Heat Loss and Pump 

Power Requirement on one side and either ETI Road Length, Area Heat Density (AHD), Line 

Heat Density (LHD) or Line Peak Heat Density (LPHD) on the other side. 

 

An (AHD, LHD) plot has been made for all MLSOAs based on Table 4-1 - Table 4-3 to 

investigate if a clear correlation exist between these two. This plot is seen in Figure 8-1. 

 

 
Figure 8-1: AHD- LHD correlation. 

Since a linear relation through (0, 0) can be rejected from a visual inspection there will be 

differences between investigating an AHD-relation or LHD relation for the parameters listed 

above and both relations need to be investigated in each case. 

 

The values of AHD and LHD used in the analyses are the values as derived in Table 4-1 - Table 

4-3. Specifically this means that the value of LHD is defined as Line Heat Density by road length 

as given from the ETI data, not pipe length as given from the model, which is indicated in some 

of the plots by using ETI as denominator, LHDETI. 
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8.1 LOD Analysis 

The overall results on the creation of distribution pipes during data preparations and model build 

are collated into this LOD analysis. The distribution pipes are not part of the modelled DHNs so 

the distribution pipe results and observations are analysed for statistical purposes only to 

provide the distribution pipe length, LOD. 

 

LOD is qualitatively likely to be related to building density by area, which again is likely to be 

related to Area Heat Density. It is therefore assumed that the (AHD, LOD) relation is more 

significant than the (LHD, LOD) relation. 

 

The key results for LOD given as totals and average values per connection within each CZ and 

MLSOA are available in Table 8-1. 

 

 
Table 8-1: LOD results for CZ 70 Harrow. 

 
Table 8-2: LOD results for CZ 148Westminster. 
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Table 8-3: LOD results for CZ 313Solihull. 

An LOD analysis is then conducted by following two different approaches: one assuming all 

buildings having a heat demand is connected to the DHN, and another approach setting a 

maximum limit for LOD assuming that buildings having a heat demand that are located further 

away from the DHN than the maximum limit will not be connected. 

8.1.1 LOD Approach I - All Consumers are Connected 

The LOD data are plotted in Figure 8-2 - Figure 8-3, where linear relations have been applied as 

shown in the plots and the Standard Error of Mean (SEM) calculated to select the best relation. 

 

 
Figure 8-2: (AHD, LOD) plot. 

Tertiary: SEM = ± 19 %, Dwellings: ± 14 %. 
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Figure 8-3: (LHD, LOD) plot. 

Tertiary: SEM = ± 20 %, Dwellings: ± 17 %. 

 

This assumption that LOD is related to AHD is quantitatively underlined by the SEM being 

smallest for the (AHD, LOD) relation. 

 

This relation is therefore concluded to be adequate and well documented as a result for further 

use by the various cost algorithms. 

 

(AHD, LOD) Relation for Dwellings: 

 

AHD < 500 MWh/ha 𝐿𝑂𝐷𝐷(𝐴𝐻𝐷) =  25𝑚 − 0.011𝑚 ∙
ℎ𝑎

𝑀𝑊ℎ
∙ 𝐴𝐻𝐷 Equation 8-1 

AHD  500 MWh/ha 𝐿𝑂𝐷𝐷 =  19.5𝑚  

 

Where a value of SEM = ± 14 % can be applied for sensitivity analysis. 

 

(AHD, LOD) Relation for Tertiary: 

 

AHD < 500 MWh/ha 𝐿𝑂𝐷𝑇(𝐴𝐻𝐷) =  55𝑚 − 0.057𝑚 ∙
ℎ𝑎

𝑀𝑊ℎ
∙ 𝐴𝐻𝐷 Equation 8-2 

AHD  500 MWh/ha 𝐿𝑂𝐷𝑇 =  26.5𝑚  

 

Where a value of SEM = ± 19 % can be applied for sensitivity analysis. 

 

AHD to be entered in MWh/ha for both Equation 8-1 and Equation 8-2. 
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8.1.2 Approach II - Applying an LOD Upper Limit 

A deeper study would be able to determine an economically feasible upper limit for LOD based 

on a requirement of the payback time for connecting a building to the DHN must be less than a 

specified number of years. Such an analysis is outside the scope of the current study, but an 

assessment of the consequences on LOD has been made assuming that the upper limits for 

LODD and LODT are set at 40 m and 80 m respectively.  

 

The results for LOD frequency analysis for each CZ are shown in Figure 8-4 - Figure 8-6. In the 

textboxes to the left of the graphs is the percentage of Distribution pipes within the set upper 

limits for LODD and LODT on MLSOA basis presented as well as the average LOD. 

 

 
Figure 8-4: LOD Frequency diagram and MLSOA averages for CZ 70 Harrow.   

 
Figure 8-5: LOD Frequency diagram and MLSOA averages for CZ 148Westminster.   
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Figure 8-6: LOD Frequency diagram and MLSOA averages for CZ 313Solihull. 

Applying the maximum limits to LOD which removes all the high end outliers from the analysis 

leads to the relation as seen from Figure 8-7. 

 

 
Figure 8-7: (AHD, LOD) plot with LOD maximum limit.   

The SEM is reduced to 8 % and 10 % respectively which means that the relation is much more 

significant and reliable. It is therefore concluded that this relation is to be used by the various 

cost algorithms for LOD calculations in real scenarios. 

 

(AHD, LOD) Relation for Dwellings: 

 

AHD < 500 MWh/ha 𝐿𝑂𝐷𝐷(𝐿𝐻𝐷) =  21𝑚 − 0.009𝑚 ∙
ℎ𝑎

𝑀𝑊ℎ
∙ 𝐴𝐻𝐷 Equation 8-3 
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AHD  500 MWh/ha 𝐿𝑂𝐷𝐷 =  16.5𝑚  

 

Where a value of SEM = ± 8 % can be applied for sensitivity analysis. 

 

(AHD, LOD) Relation for Tertiary: 

 

AHD < 500 MWh/ha 𝐿𝑂𝐷𝑇(𝐿𝐻𝐷) =  36𝑚 − 0.02𝑚 ∙
ℎ𝑎

𝑀𝑊ℎ
∙ 𝐴𝐻𝐷 Equation 8-4 

AHD  500 MWh/ha 𝐿𝑂𝐷𝑇 =  26.0𝑚  

 

Where a value of SEM = ± 10 % can be applied for sensitivity analysis. 

 

AHD to be entered in MWh/ha for both Equation 8-3 and Equation 8-4. 

 

An (AHD, LOD) relation is hereby established with high confidence. 

8.2 LOT Analysis 

The overall results on the creation of the transmission system from road centre lines during data 

preparations and model build are collated into this LOT analysis. This analysis investigates if 

there is a relation between the total length of road centre lines from the ETI data and the 

expected length of transmission pipeline. 

 

The key results for LOT, given as total values within each CZ and MLSOA, are available in 

Table 8-4- Table 8-6. 

 

 
Table 8-4: LOT results for CZ 70Harrow. 
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Table 8-5: LOT results for CZ 148Westminster. 

 
Table 8-6: LOT results for CZ 313 Solihull. 

LOTF is calculated as the length of the transmission system as given from the TERMIS model 

divided by the length of road centre lines as given by the ETI data. LOTF is an indication of 

compensating for the variation in LOT created by road length as areas of low density are 

expected to have higher LOT than road length and vice versa. 

 

 𝐿𝑂𝑇(𝐻𝐷) =  𝐿𝑂𝑇𝐹(𝐻𝐷) ∙ 𝐿𝑂𝑇𝐸𝑇𝐼 Equation 8-5 

 

Where: 

 LOT  The resulting length of transmission 

 LOTETI The length of road centre lines as given from the ETI data 

 LOTF  Road to pipe conversion factor 

 HD  Heat density, area or line 

 

Plots of LOTF by AHD and LHD are available in Figure 8-8 - Figure 8-9. 
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Figure 8-8:(AHD, LOTF) plot. 

SEM = ± 10 %. 

 

 
Figure 8-9:(LHD, LOTF) plot. 

SEM = ± 11 %. 
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No significant difference in the quality of these relations exists; meaning that it cannot be 

underlined that the LHD relationship is better than the AHD relationship and any of the 

relationships can be used with similar accuracy and results. 

 

The (LHD, LOTF) relationship is selected for further use in the cost algorithms: 

 

 𝐿𝑂𝑇𝐹(𝐿𝐻𝐷) =  1.19(𝐺𝑊ℎ/𝑘𝑚)0.19 ∙ 𝐿𝐻𝐷−0.19 Equation 8-6 

 

Where a value of SEM = ± 11 % can be applied for sensitivity analysis. 

 

LHD to be entered in GWh/km for Equation 8-6. 

 

A (LHD, LOT) relation is hereby established with a good/high level of confidence. 

 

It is reasonable that higher heat density areas do not require a transmission pipe in every road 

as the larger buildings more common in high density areas often have a road frontage on two 

sides of the building. 

8.3 COT Analysis 

The overall results on costs of the transmission system from the pipeline dimensioning are 

collated into this COT analysis. This analysis investigates if there is a relationship between the 

cost of the transmission pipes per meter and the peak heat density. 

 

COT is qualitatively assumed to depend on the Peak Heat Density as the Peak Heat is used for 

the pipe dimensioning of the transmission pipes. It is also assumed that the (LPHD, COT) 

relationship is more significant than the (APHD, COT) relation. 

 

The key results for COT, given as total values and costs per meter within each CZ and MLSOA, 

are available in Table 8-7 - Table 8-9. 

 

 
Table 8-7: COT results for CZ 70 Harrow. 
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Table 8-8: COT results for CZ 148Westminster. 

 
Table 8-9: COT results for CZ 313Solihull. 

Plots of COT by APHD and LPHD are available in Figure 8-10 - Figure 8-11. 
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Figure 8-10: (APHD, COT) plot. 

SEM = ± 8 %. 

 

 
Figure 8-11: (LPHD, COT) plot. 

SEM = ± 7 %. 
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No significant difference in the quality of these relationships exists; meaning that it cannot be 

underlined that the LPHD relationship is better than the APHD relationship and any of the 

relations can be used with similar accuracy and results. 

 

However as the SEM is slightly smaller for the LPHD case, the (LPHD, COT) relationship is 

selected for further use in the cost algorithms: 

 

 𝐶𝑂𝑇(𝐿𝑃𝐻𝐷) =  365
£

𝑚
+ 20

£

𝑘𝑊
 ∙ 𝐿𝑃𝐻𝐷  Equation 8-7 

 

Where a value of SEM = ± 7 % can be applied for sensitivity analysis. 

 

LPHD to be entered in kW/m for Equation 8-7. 

 

A (LPHD, COT) relationship is hereby established with a high level of confidence. 

8.4 Heat Loss Analysis 

Annual heat loss from the transmission pipe system as calculated under section 7.2 has been 

extracted and calculated into a percentage loss for each MLSOA, both by heat production and 

by heat demand. The percentage by heat demand relationship is the target of the analysis as 

this can be used further by the cost models. 

 

Plots of Heat Loss (E) by LHD are available Figure 8-12 - Figure 8-13. 

 

 
Figure 8-12: (LHD, E) plot based on total heat supplied. 

SEM = ± 14 %. 
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Figure 8-13: (LHD, E) plot based on total heat demand. 

SEM = ± 16 %. 

 

Even though the heat loss is estimated better, but not significantly, as a percentage of heat 

supplied, the relationship based on heat demand is used as this can be directly implemented 

into the cost models. 

 

The (LHD, E) relation is selected for further use in the cost algorithms: 

 

 ∆𝐸(𝐿𝐻𝐷) =  43 % (𝐺𝑊ℎ/𝑘𝑚)1.24  ∙ 𝐿𝐻𝐷−1.24 Equation 8-8 

 

Where a value of SEM = ± 16 % can be applied for sensitivity analysis. 

 

LHD to be entered in GWh/km for Equation 8-8. 

 

A (LHD, E) relationship is hereby established with a good level of confidence. 

8.5 Pumping Power Requirement Analysis 

The pumping power requirements for supplying the required heat demand throughout the year 

as calculated under section 7.2 has been extracted and calculated into a percentage by heat 

demand for each CZ. The percentage by heat demand relationship is the target of the analysis 

as this can be used further by the cost models. 

 

Plot of Pumping Power Requirement (E) as a percentage of heat demand by LHD is available in 

Figure 8-14. 
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Figure 8-14: (LHD, E) plot. 

The data basis is too limited to generate a relation. 

 

Efficiency of pumps and motors etc. are not included in this analysis. E is the required output of 

the pump. Pump power consumption has to be calculated by applying efficiency factors. 

 

By comparing to reference values as reported by Danish district heating companies it is 

assumed that an effective pumping power consumption of 0.5 % of the heat demand is realistic, 

considering that new schemes in GB would be based on the latest pump technology. As this is 

a relatively small value it was decided that there was no need to derive a relationship and the 

figure 0.5% could be used throughout for all CZs as a conservative assumption. 
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9 DHN COSTS CALCULATIONS 

The cost algorithm has changed several times during this project as it developed with the 

requirements about the accuracy of the DHN cost for the zones. The first algorithm presented in 

Ref. 1 and the simplified algorithm presented in Ref. 3, and available in 12.4 Appendix 4 – 

Simplified Algorithm, did not meet the expectations. Therefore a revised and more detailed 

algorithm has been developed, which is presented in this chapter. 

 

Utilizing the results obtained in the previous sections total costs of DHN for all 20 CZs is 

calculated. Cost calculations are carried out for the MLSOAs and summarized to CZ level. 

Costs are calculated using the Simplified Algorithm, TERMIS (only for the 3 CZs included in the 

sample) and the Revised Algorithm for comparison and evaluation. 

 

The Revised Algorithm is a refinement of the Detailed Algorithm which includes the TERMIS 

results and combines this with data from ADF/EIFER which includes more details on building 

classification and distribution than available from GIS. 

9.1 DHN Cost Algorithm 

The DHN cost of each of characteristic zone in the sample is calculated in two steps. First the 

costs of each MLSOA within the characteristic zones are calculated according to the formulas 

given in section 9.1.1 and afterwards the costs of the MLSOAs of CZ are summed up.  

9.1.1 Calculation per MLSOA 

The MLSOA costs are created out of three different parts: 

 

1. Cost for the transmission pipes COT. 

2. Cost for the distribution pipes COD. 

3. Cost for the hydraulic interface units HIU Cost. 

 

Calculation of DHN cost per MLSOA: 

 

 𝐶𝑜𝑠𝑡𝑀𝐿𝑆𝑂𝐴 =  𝐶𝑂𝑇𝑇𝑜𝑡𝑎𝑙 + 𝐶𝑂𝐷𝑇𝑜𝑡𝑎𝑙 + 𝐻𝐼𝑈 𝐶𝑜𝑠𝑡𝑇𝑜𝑡𝑎𝑙 Equation 9-1 

 

Where: 

 

 𝐶𝑂𝑇𝑇𝑜𝑡𝑎𝑙 = 𝐿𝑂𝑇𝐸𝑇𝐼 ∗ 𝐿𝑂𝑇𝐹,𝐿𝐻𝐷 ∗ 𝐶𝑂𝑇𝐿𝑃𝐻𝐷 Equation 9-2 

 

 

𝐶𝑂𝐷𝑇𝑜𝑡𝑎𝑙 = 𝑀𝑃 ∙ [𝐿𝑂𝐷𝐷 ∙ 𝐶𝑂𝐷𝐷

∙ 𝑀𝑎𝑥{#𝑆𝐵 − ½ ∙ #𝑆𝐷𝐻 − ½ ∙ #𝑇𝐻; ½ ∙ #𝑆𝐵}

+ 𝐿𝑂𝐷𝑇 ∙ 𝐶𝑂𝐷𝑇 ∙ #𝐿𝐵] 
Equation 9-3 
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𝐻𝐼𝑈 𝐶𝑜𝑠𝑡𝑇𝑜𝑡𝑎𝑙 =  𝑀𝑃 ∙ [𝐻𝐼𝑈𝐴𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 ∗ #𝐴𝑃 + 𝐻𝐼𝑈𝐻𝑜𝑢𝑠𝑒 ∗ #𝑆𝐵

+ 𝐻𝐼𝑈𝑇𝑒𝑟𝑡𝑖𝑎𝑟𝑦 ∗ # 𝐿𝐵] Equation 9-4 

 

With: 

 #SB  Count of small buildings, given by Emapsite 

 #LB  Count of large buildings, given by Emapsite 

 #AP  Count of apartments, given by EDF/EIFER 

 #SDH  Count of semi-detached houses, given by EDF/EIFER 

 #TH  Count of terraced houses, given by EDF/EIFER 

9.1.2 Input Data & Assumptions 

Input data are taken from the previous sections 7 - 8 combined with the additional data and 

information defined and assumptions made in this section. 

 

For semi-detached houses and terraced houses it is assumed that they share one connection 

for each two buildings; with the limitation that this value can only be decreased to half the 

number of small buildings. In the end, this total summation is multiplied with the market 

penetration which is set to 80 %. 

 

The numbers of HIUs are provided by Emapsite for the number of houses and number of 

tertiary buildings. Additionally, the number of apartments is provided by EDF as described in 

Ref. 4. 

 

The number of different building and dwelling data are provided by different sources, Emapsite 

and EDF/EIFER. The number of small buildings with a surface area below 200 m² and the 

number of large buildings with a surface area of more than 200 m² are provided by Emapsite 

and used to calculate COD and HIU cost. The other three data sets are provided by EDF/EIFER 

and used to calculate the HIU cost (number of apartments) or to calculate the number of 

residential connections and the length of distribution pipes needed to connect them (number of 

semi-detached houses and number of terraced houses). 

 

The market penetration MP has been set to be 80 %.  

9.1.3 Calculation per Characteristic Zone 

Once the costs for the DHN network of all MLSOAs within one CZ are calculated, these costs 

are cumulated to determine the total DHN cost of the CZ. This step is repeated for all 20 CZs. 

 

 𝑇𝑜𝑡𝑎𝑙 𝐷𝐻𝑁𝐶𝑜𝑠𝑡𝐶𝑍 = ∑ 𝐷𝐻𝑁 𝐶𝑜𝑠𝑡𝑀𝐿𝑆𝑂𝐴

𝑀𝐿𝑆𝑂𝐴𝑠 𝑜𝑓 𝐶𝑍

 Equation 9-5 

9.2 Cost Results and Interpretation 

Cost results are generated on MLSOA level, section 9.2.1, which is then cumulated on CZ level, 

section 9.2.2. Cost calculations have been carried out assuming: 

 

1. Individual connections and 100 % market penetration. 

2. Shared connections and 80 % market penetration. 
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9.2.1 Results for Sample MLSOAs 

In the first step, the DHN cost for the 16 sample MLSOAs has been calculated assuming 

individual connections and 100 % market penetration. In general, there is a good coherence 

between the total cost of the Revised Algorithm and the cost determined by including TERMIS, 

which would be expected.  

 

Compared to the simplified algorithm the difference can become quite large, which is mainly 

driven by a difference in the HIU cost and by an extensive overestimation of the transmission 

pipe cost. Especially in very dense areas, which are dominated by tertiary demand, this effect 

can be easily seen. The three MLSOAs of CZ 148 Westminster are good examples for this huge 

decrease in cost, see Table 9-1. This Table 9-1 shows the results for a 1:1 comparison between 

the three approaches as it assumes a single distribution pipe per building and 100 % market 

penetration. 

 

MLSOA 
Revised 

Algorithm 
TERMIS 

Simplified 

Algorithm 

𝐑𝐞𝐯𝐢𝐬𝐞𝐝

𝐒𝐢𝐦𝐩𝐥𝐢𝐟𝐢𝐞𝐝
 

𝐓𝐄𝐑𝐌𝐈𝐒

𝐒𝐢𝐦𝐩𝐥𝐢𝐟𝐢𝐞𝐝
 

𝐑𝐞𝐯𝐢𝐬𝐞𝐝

𝐓𝐄𝐑𝐌𝐈𝐒
 

[Name] [£] [£] [£] [%] [%] [%] 

Harrow 021 23,253,000 21,237,000 22,435,000 104 95 109 

Harrow 023 21,765,000 21,848,000 48,072,000 45 45 100 

Harrow 024 22,080,000 20,396,000 17,849,000 124 114 108 

Harrow 025 22,692,000 20,616,000 24,512,000 93 84 110 

Harrow 027 22,527,000 22,219,000 21,660,000 104 103 101 

Harrow 029 23,809,000 23,449,000 31,037,000 77 76 102 

Westminster 008 13,481,000 16,261,000 75,221,000 18 22 83 

Westminster 009 13,015,000 12,066,000 42,578,000 31 28 108 

Westminster 012 17,293,000 16,649,000 85,825,000 20 19 104 

Solihull 014 25,423,000 25,276,000 22,690,000 112 111 101 

Solihull 016 45,973,000 46,560,000 46,142,000 100 101 99 

Solihull 018 41,175,000 38,642,000 39,219,000 105 99 107 

Solihull 019 39,075,000 40,500,000 44,091,000 89 92 96 

Solihull 022 40,543,000 43,133,000 52,509,000 77 82 94 

Solihull 024 31,758,000 29,313,000 23,627,000 134 124 108 

Solihull 027 30,112,000 27,206,000 23,527,000 128 116 111 

Table 9-1: Total MLSOA costs, 100 % market penetration, individual connections. 

The total costs, recalculated into cost per heat demand, are plotted by heat density in Figure 

9-1. 
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Figure 9-1: Cost relations for MLSOAs, 100 % market penetration, individual connections. 

It is clearly seen that the Simplified Algorithm is overestimating the total cost in high density 

areas. It is further observed, that by implementing the results of the TERMIS modelling into the 

Revised Algorithm leads to a high confidence between these two approaches. As a result, the 

Revised Algorithm can be used with confidence for estimating costs for the remaining 

Characteristic Zones. 

 

Table 9.2 shows the results for the three approaches using the shared connection assumption 

and 80 % market penetration. The results of the Revised Algorithm are about 25 % lower on 

average than the TERMIS results which can be explained by the number of semi-detached and 

terraced houses that are assumed to share a connection. 
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MLSOA 
Revised 

Algorithm 
TERMIS 

Simplified 

Algorithm 

𝐑𝐞𝐯𝐢𝐬𝐞𝐝

𝐒𝐢𝐦𝐩𝐥𝐢𝐟𝐢𝐞𝐝
 

𝐓𝐄𝐑𝐌𝐈𝐒

𝐒𝐢𝐦𝐩𝐥𝐢𝐟𝐢𝐞𝐝
 

𝐑𝐞𝐯𝐢𝐬𝐞𝐝

𝐓𝐄𝐑𝐌𝐈𝐒
 

[Name] [£] [£] [£] [%] [%] [%] 

Harrow 021 15,226,000 20,217,000 22,435,000 68 90 75 

Harrow 023 14,544,000 20,972,000 48,072,000 30 44 69 

Harrow 024 14,752,000 19,402,000 17,849,000 83 109 76 

Harrow 025 14,851,000 19,840,000 24,512,000 61 81 75 

Harrow 027 14,834,000 21,211,000 21,660,000 68 98 70 

Harrow 029 15,837,000 22,614,000 31,037,000 51 73 70 

Westminster 008 9,901,000 15,754,000 75,221,000 13 21 63 

Westminster 009 9,502,000 11,578,000 42,578,000 22 27 82 

Westminster 012 12,025,000 15,955,000 85,825,000 14 19 75 

Solihull 014 17,708,000 24,458,000 22,690,000 78 108 72 

Solihull 016 33,162,000 45,066,000 46,142,000 72 98 74 

Solihull 018 28,544,000 37,151,000 39,219,000 73 95 77 

Solihull 019 30,730,000 39,356,000 44,091,000 70 89 78 

Solihull 022 29,217,000 41,688,000 52,509,000 56 79 70 

Solihull 024 25,716,000 28,340,000 23,627,000 109 120 91 

Solihull 027 24,567,000 26,274,000 23,527,000 104 112 94 

Table 9-2: Total MLSOA costs, 80 % market penetration, shared connections. 
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Figure 9-2: Cost relations for MLSOAs, 80 % market penetration, shared connections. 

9.2.2 Results for Characteristic Zones 

The calculations are extended to cover all 20 Characteristic Zones, refer to Table 9-3 which also 

includes the classes that the CZs are representing. The results for the TERMIS approach have 

been added for the three sample CZs.  
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Class Zone 
Revised 

Algorithm 
TERMIS 

Simplified 

Algorithm 

𝐑𝐞𝐯𝐢𝐬𝐞𝐝

𝐒𝐢𝐦𝐩𝐥𝐢𝐟𝐢𝐞𝐝
 

[#] [#] [£] [£] [£] [%] 

1 147 11,435,000 
 

203,047,000 6 

2 711 150,553,000 
 

155,844,000 97 

3 239 126,902,000 
 

133,005,000 95 

4 619 124,025,000 
 

223,366,000 56 

5 70 90,042,000 124,254,000 165,565,000 54 

6 509 153,020,000 
 

188,435,000 81 

7 127 208,146,000 
 

268,868,000 77 

8 145 94,103,000 
 

139,633,000 67 

9 29 68,841,000 
 

259,604,000 27 

10 138 143,499,000 
 

196,854,000 73 

11 566 63,694,000 
 

63,844,000 100 

12 313 189,644,000 242,333,000 251,807,000 75 

13 686 79,975,000 
 

98,018,000 82 

14 535 21,809,000 
 

21,665,000 101 

15 734 32,650,000 
 

33,821,000 97 

16 148 31,428,000 43,286,000 203,624,000 15 

17 23 121,705,000 
 

167,322,000 73 

18 547 121,156,000 
 

150,239,000 81 

19 701 164,464,000 
 

192,301,000 86 

20 909 15,251,000  13,218,000 115 

Table 9-3: Total CZ costs, 80 % market penetration, shared connections. 

The pattern is the same as for the individual MLSOAs, which is expected as the CZs are 

aggregations of the MLSOAs. The accuracy of the simple algorithm is good for the average 

zones with lower densities like the CZs of class 2 and 3, but the cost accuracy weakens for high 

density area like in class 1 and 16. This can again be explained by the overestimation of cost of 

the transmission pipe work and an extensive number of HIUs. The ratio between the Revised 

and Simplified Algorithm is plotted in Figure 9.3. 
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Figure 9-3: Cost ration between Revised and Simplified Algorithm for all CZs. 

It can be concluded that the Revised Algorithm is showing a high accuracy to the real estimated 

costs using the design tool TERMIS. There is an overestimation of about 25 % by TERMIS 

which goes back to a smaller number of connections needed to supply semi-detached houses 

and terraced houses. The sharing of connections by these house types could not have been 

allowed for in TERMIS as the required information is unavailable in the GIS data available. 

Compared to the Simplified Algorithm, the new Revised Algorithm is showing more or less the 

same figures for zones at the lower end of the boundary conditions for energy density of 

200,000 kWh/ha. On the other hand, the cost estimation for high density and tertiary dominated 

zones is much too high. Here zone 148 of class 16, which was analysed within TERMIS, clearly 

shows the discrepancy between the three methods (see Table 9-3). 
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10 TECHNICAL CONCLUSION 

In order to verify, strengthen and refine the cost algorithms as developed in Ref. 1 a DHN 

modelling tool, TERMIS, has been applied for constructing DHN models based on GIS road 

centre lines and buildings layers, By combining the GIS data with information on heat demand a 

preliminary design model of each involved area has been build and configured and used to 

conduct various simulations to generate results on distribution pipe length, sizing of 

transmission pipes, cost of transmission pipes, heat loss and pumping power requirements. 

 

This paper has developed empirical relations (formulas) for calculation of a subset of 

parameters used in the cost algorithms. Specifically the following relations have been 

developed: 

10.1 LODD Relation -Dwellings 

AHD < 500 MWh/ha 𝐿𝑂𝐷𝐷(𝐿𝐻𝐷) =  21𝑚 − 0.009𝑚 ∙
ℎ𝑎

𝑀𝑊ℎ
∙ 𝐴𝐻𝐷 Equation 10-1 

AHD  500 MWh/ha 𝐿𝑂𝐷𝐷 =  16.5𝑚  

 

Where a value of SEM = ± 8 % means the relation is established with high confidence. 

10.2 LODT Relation -Tertiary 

AHD < 500 MWh/ha 𝐿𝑂𝐷𝑇(𝐿𝐻𝐷) =  36𝑚 − 0.02𝑚 ∙
ℎ𝑎

𝑀𝑊ℎ
∙ 𝐴𝐻𝐷 Equation 10-2 

AHD  500 MWh/ha 𝐿𝑂𝐷𝑇 =  26.0𝑚  

 

Where a value of SEM = ± 10 % means the relation is established with good/high confidence. 

10.3 LOT Relation 

 𝐿𝑂𝑇(𝐿𝐻𝐷) =  1.19(𝐺𝑊ℎ/𝑘𝑚)0.19 ∙ 𝐿𝐻𝐷−0.19 ∙ 𝐿𝑂𝑇𝐸𝑇𝐼 Equation 10-3 

 

Where a value of SEM = ± 11 % means the relation is established with good/high confidence. 

10.4 COT Relation 

 𝐶𝑂𝑇(𝐿𝑃𝐻𝐷) =  365
£

𝑚
+ 20

£

𝑘𝑊
 ∙ 𝐿𝑃𝐻𝐷  Equation 10-4 

 

Where a value of SEM = ± 7 % means the relation is established with high confidence. 
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10.5 Heat Loss Relation 

 𝐸𝐻𝐿(𝐿𝐻𝐷) =  0.43 (𝐺𝑊ℎ/𝑘𝑚)2.24  ∙ 𝐿𝐻𝐷−1.24 Equation 10-5 

 

Where a value of SEM = ± 16 % means the relation is established with good confidence. 

10.6 Pumping Energy 

 𝐸𝑃𝐸(𝐿𝐻𝐷) =  0.005 ∙ 𝑘𝑚/𝐺𝑊ℎ ∙ 𝐿𝐻𝐷 Equation 10-6 

 

 

Overall Conclusion 

 

The relationships derived show that the Revised Algorithm as now constructed will provide a 

suitable method for estimating costs for all CZs using cost book data derived for the UK and 

based on actual DH designs produced using standard design software for 3 sample areas in the 

UK. 

 

There is a strong relationship with line heat density and the use of GIS data on road length 

together with statistics on fuel use in a given area would enable a first estimate of DH costs to 

be made for any MLSOA in the UK. 

 

Figure 10.1 below shows the TERMIS curve which represents the costs for schemes using 

actual designs and the Revised Algorithm costs which assumes an 80% market penetration and 

shared connections for terraces and semi-detached houses. This is a significant improvement 

on the accuracy of the Simplified Algorithm which was derived from more limited data and over 

estimated costs in high density areas. 

 

 

 
Figure 10.1 – Revised Cost Algorithm for District Heating Network capital costs 
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12 APPENDICES 

The following appendices are attached: 

o Appendix 1 – Assumptions 

o Appendix 2 – Cost Reports 

o Appendix 3 – Heat Demands 

o Appendix 4 - Simplified Algorithm 

o  
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12.1 Appendix 1 – Assumptions 

12.1.1 Assumption1 - Sample Size. 

It is assumed that a sample size of 15 - 20 MLSOAs will be adequate to represent the full 

population of 91 MLSOAs. This assumption is based on the general rule that a sample size of 

1/10 of the population is “large enough” combined with the rule of thumb that a sample size 

should amount to 30 in order to fulfil the central limit theorem. By further having a carefully 

matched sample instead of a randomly selected sample the assumption is further underlined as 

valid. 

12.1.2 Assumption 2 – Building Classification 

Buildings are classified as follows: 

 

Area Classification Heat Demand Factor Note 

[m²] [Class] [-] [] 

0 - 30 Outhouse 0 No heat demand 

30 - 200 Dwellings 1 Heat demand scaled by building area 

200 - Tertiary 1 Heat demand scaled by building area 

Table 12-1: Building classification. 

This approach is limited by the fact that only the ground floor plan area and perimeter length are 

available from GIS for the building polygons. No detailed information on building type or number 

of storeys is available. The assumption is based on frequency plots of building areas and UK 

building regulations. 

 

According to UK building regulations 30 m² is the upper limit for not requiring planning 

permission for buildings. 

 

Frequency plots of building areas for the three CZ’s are shown below in Figure 12-1 - Figure 

12-3. 

 

 
Figure 12-1: Building area frequency diagram for CZ 70 Harrow. 
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Figure 12-2: Building area frequency diagram for CZ 148 Westminster. 

 
Figure 12-3: Building area frequency diagram for CZ 313Solihull. 
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12.2 Appendix 2 – Cost Reports 

12.2.1 Cost Report 1 - CZ 70 Harrow 

 
Figure 12-4: Summary cost report for CZ 70 Harrow. 
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Figure 12-5: Detailed cost report for CZ 70 Harrow. 
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12.2.2 Cost Report 2 - CZ 148 Westminster 

 
Figure 12-6: Summary cost report for CZ 148 Westminster. 
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Figure 12-7: Detailed cost report for CZ 148 Westminster. 
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12.2.3 Cost Report 3 - CZ 313 Solihull 

 
Figure 12-8: Summary cost report for CZ 148 Westminster. 
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Figure 12-9: Detailed cost report for CZ 313 Solihull. 
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12.3 Appendix 3 – Heat Demands 

This data is part of an excel file about the CZs provided to the University of Manchester and 

attached to Ref. 3. 

12.3.1 Heat Demands - Winter 

 
Table 12-2: Winter heat demand details for all three CZs. 

12.3.2 Heat Demands - Transition 

 
Table 12-3: Transition heat demand details for all three CZs. 

Heat Loads in kWh Harrow 023 Solihull 022 Westminster 012

Winter Weekday 0:00 - 04:59 3.26E+04 52700 5.67E+04

Winter Weekday 5:00 - 6:59 6.47E+04 100000 9.36E+04

Winter Weekday 7:00 - 9:59 6.33E+04 99500 9.26E+04

Winter Weekday 10:00 - 16:59 5.31E+04 84600 7.48E+04

Winter Weekday 17:00 - 18:59 5.83E+04 92000 7.21E+04

Winter Weekday 19:00 - 21:59 5.69E+04 87500 6.94E+04

Winter Weekday 22:00 - 23:59 3.58E+04 54400 5.36E+04

Winter Weekend 0:00 - 04:59 3.35E+04 52600 5.42E+04

Winter Weekend 5:00 - 6:59 6.52E+04 100100 8.29E+04

Winter Weekend 7:00 - 9:59 6.36E+04 98600 8.02E+04

Winter Weekend 10:00 - 16:59 5.45E+04 85100 7.01E+04

Winter Weekend 17:00 - 21:59 5.98E+04 92200 7.33E+04

Winter Weekend 22:00 - 23:59 3.78E+04 56500 5.79E+04

Winter Peak 1.04E+05 153300 1.45E+05

Winter Base 6.60E+03 13100 1.39E+04

Winter Peak-Base 9.71E+04 140200 1.31E+05

Winter Average 5.09E+04 79800 7.12E+04

Winter Weekday Days 87 87 87

Winter Weekend Days 34 34 34

Heat Loads in kWh Harrow 023 Solihull 022 Westminster 012

Transition Weekday 0:00 - 04:59 1.78E+04 31400 3.21E+04

Transition Weekday 5:00 - 6:59 4.11E+04 70000 5.90E+04

Transition Weekday 7:00 - 9:59 3.95E+04 68000 5.54E+04

Transition Weekday 10:00 - 16:59 3.06E+04 53200 4.22E+04

Transition Weekday 17:00 - 18:59 3.34E+04 59100 4.05E+04

Transition Weekday 19:00 - 21:59 3.44E+04 58400 4.04E+04

Transition Weekday 22:00 - 23:59 2.08E+04 33700 3.08E+04

Transition Weekend 0:00 - 04:59 1.75E+04 30600 2.91E+04

Transition Weekend 5:00 - 6:59 4.00E+04 66800 4.90E+04

Transition Weekend 7:00 - 9:59 3.85E+04 65200 4.66E+04

Transition Weekend 10:00 - 16:59 3.02E+04 52200 3.82E+04

Transition Weekend 17:00 - 21:59 3.41E+04 58600 4.01E+04

Transition Weekend 22:00 - 23:59 2.12E+04 34400 3.22E+04

Transition Peak 7.76E+04 119000 1.12E+05

Transition Base 5.80E+03 12000 1.22E+04

Transition Peak-Base 7.18E+04 107000 9.98E+04

Transition Average 2.97E+04 51100 4.07E+04

Transition Weekday Days 86 86 86

Transition Weekend Days 36 36 36
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12.3.3 Heat Demands - Summer 

 
Table 12-4: Summer heat demand details for all three CZs. 

12.4 Appendix 4 – Simplified Algorithm 

Zone type Annual heat demand (£, 2010) 

Low density (LD) 

< 0.35 GWh/hectare 
HeatDemand (GWh/y) x (725.3 m/GWh x 512.5 £/m + 556.6 
m/GWh x 132 £/m ) + Number HH x 1,750 £/meter + Number 
Tertiary x 4,800 £/meter 

High density (HD) 

> 0.35 GWh/hectare,  

< 0.04 GWh/meter  

HeatDemand (GWh/y) x (543.8 m/GWh x 512.5  £/m + 360.9 
m/GWh x 132 £/m ) + NumberHH x 1,750 £/meter + 
NumberTertiary x 4,800 £/meter 

High density, high intensity 

(HD/HI) 

> 0.35 GWh/hectare,  

> 0.04 GWh/meter  

HeatDemand (GWh/y) x (482.2 m/GWh x 512.5  £/m + 381.3 
m/GWh x 132 £/m ) + NumberHH x 1,750 £/meter + 
NumberTertiary x 4,800 £/meter 

Table 12-5: Simple algorithm for estimating capital cost of district heating network 
NumberHH: number of households; meter: gas meter; NumberTertiary: number of tertiary meters 

 

 

Heat Loads in kWh Harrow 023 Solihull 022 Westminster 012

Summer Weekday 0:00 - 04:59 6.50E+03 11300 1.30E+04

Summer Weekday 5:00 - 6:59 1.90E+04 35200 2.58E+04

Summer Weekday 7:00 - 9:59 1.76E+04 32400 2.31E+04

Summer Weekday 10:00 - 16:59 1.24E+04 22300 1.72E+04

Summer Weekday 17:00 - 18:59 1.26E+04 23300 1.60E+04

Summer Weekday 19:00 - 21:59 1.38E+04 25000 1.65E+04

Summer Weekday 22:00 - 23:59 8.40E+03 13800 1.31E+04

Summer Weekend 0:00 - 04:59 5.60E+03 9500 1.06E+04

Summer Weekend 5:00 - 6:59 1.70E+04 31300 1.92E+04

Summer Weekend 7:00 - 9:59 1.59E+04 29100 1.82E+04

Summer Weekend 10:00 - 16:59 1.12E+04 19800 1.41E+04

Summer Weekend 17:00 - 21:59 1.21E+04 21800 1.43E+04

Summer Weekend 22:00 - 23:59 7.70E+03 12600 1.22E+04

Summer Peak 3.50E+04 65000 5.26E+04

Summer Base 2.80E+03 4900 7.00E+03

Summer Peak-Base 3.22E+04 60200 4.55E+04

Summer Average 1.19E+04 21400 1.64E+04

Summer Weekday Days 88 88 88

Summer Weekend Days 34 34 34


