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Summary 

This report aims to present the results of the work carried out within the sEEnergies project pertaining 

to estimating construction costs of new district heating networks in France. 

This project has followed a similar methodology to Heat Roadmap Europe when estimating the costs 

of district heating systems. Nonetheless, several improvements have been introduced to attain more 

realistic results. On the one hand, it has been carried out a detailed geographic analysis of two large 

Danish networks so the necessary pipe length can be better appraised. Moreover, both the distribution 

network and service pipes have been taken into consideration. On the other hand, pipe construction 

cost data from each country has been used to the maximum extent possible.   

This part of the project has only focused on the pipe network and has not taken into account other 

elements for the development of a district heating system, such as heat supply plants or the 

connections to the heat demands via a substation.  

The results for France show that the country has a significant potential for District Heating expansion. 

Approximately a quarter of the total heat demand (28%) could be supplied with a cost lower than 20 

€/MWh and nearly half of the heat demand (47%) would be economically viable with a higher marginal 

cost of 30 €/MWh. Nonetheless, there is significant regional variation. For instance, for a marginal cost 

threshold of 20 €/MWh, Paris could cover nearly the entire heat demand and the other départements 

of the petite couronne de París, could reach penetration rates above 70%. On the contrary, the 12 least 

dense départements would not be able to deliver more than 10% of the heat demand, having the 

département of Vendée the lowest potential with merely 3%.  
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1 Introduction 

The purpose of this report is to briefly describe the work carried out in Work Package 4. Assessment 

of the role and costs of energy grids within the sEEnergies project and present part of the results of 

WP4 in France.  

Work Package 4 had as main goal to assess the role and the cost of the various energy networks, 

including the electricity grid, district heating networks as well as the gas network. Within this work 

package, Task 4.3 Spatial modelling and assessment of thermal grids for the EU28, has focused on heat 

networks, and its main goal has been to determine the cost of developing new district heating 

networks throughout Europe with a high geographical resolution.  

The initial results of the project have been presented in deliverable 4.5 (Persson et al., 2021) and the 

deliverable 5.7 (Möller, Wiechers, Sánchez-García, et al., 2022) describes in detail the methodology 

employed in the project as well as the final results.  

This report is structured in three parts. First of all, it is provided with a brief description of the model 

used to estimate the cost of new district heating networks and the studies performed to improve the 

model. The second part deals with the databases used by the model and their sources, and the third 

part presents and comments on the results for France.  
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2 Methodology 

The estimation of the construction costs for new district heating networks has been performed thanks 

to the method previously published by Persson and Werner (Persson & Werner, 2011), whose origins 

can be traced back to the work conducted by Werner (Werner, 1997). This model provides a first-order 

appraisal of the network cost with the goal of detecting those areas with the highest potential. This 

initial assessment needs to be followed by more detailed studies that take into account the actual path 

of the pipe network, the topography of the ground and, in general, all of those parameters that can 

affect the total construction cost.  

Persson and Werner's model has been previously used in the Heat Roadmap Europe project series, 

among which Heat Roadmap Europe 4 outstands. This project estimated the network capital cost for 

the 14 largest European heat markets.  

Despite the model's success in previous projects, sEEnergies has introduced several improvements to 

the method to increase the accuracy of the results. 

The basis for the capital cost model of Persson and Werner is shown in Equation (1). The specific capital 

cost for a given area, 𝐶𝑑 [€/MWh1], is the ratio between the annualised investment, 𝑎 ⋅ 𝐼 [€], in the 

area and the heat demanded in the same area 𝑄𝑠 [MWh].  

𝐶𝑑 =
𝑎 · 𝐼

𝑄𝑠

=
𝑎 · 𝐼

𝐿⁄

𝑄𝑠
𝐿⁄

=
𝑎 · 𝐼𝑢

𝑄𝑠
𝐿⁄

=
𝑎 · (𝐶1 + 𝐶2 · 𝑑𝑎)

𝑄𝑠

𝐴𝑓
·

𝐴𝑓

𝐴𝐿
·

𝐴𝐿

𝐿

=
𝑎 · (𝐶1 + 𝐶2 · 𝑑𝑎)

𝑞 · 𝜀 · 𝑤
=

𝑎 · (𝐶1 + 𝐶2 · 𝑑𝑎)

𝑞𝐿 · 𝑤
 (1) 

This expression can, in turn, be divided by the required pipe length2, 𝐿 [m], in both the numerator and 

the denominator. 

In the numerator, the resultant quotient, 𝐼/𝐿 or 𝐼𝑢 [€/mpipe], constitutes the necessary investment per 

unit of pipe length. If it is taken the hypothesis that the unit cost of a district heating pipe can be 

expressed as a linear function of the diameter, it is possible to demonstrate, as it is shown in Equation 

(2), that the unit investment, 𝐼𝑢 [€/m], can be expressed as a function of the length weighted average 

diameter, 𝑑𝑎 [mm], and two cost parameters, the intercept and the slope, 𝐶1[€/m] and 𝐶2 [€/m·mm], 

respectively.  

𝐼𝑢 =
∑ 𝐼𝑖

𝑁
𝑖=1

∑ 𝐿𝑖
𝑁
𝑖=1

=
∑ 𝐿𝑖 · 𝐼𝑢𝑖

𝑁
𝑖=1

∑ 𝐿𝑖
𝑁
𝑖=1

=  
∑ 𝐿𝑖 · (𝐶1 + 𝐶2 · 𝑑𝑖)𝑁

𝑖=1

∑ 𝐿𝑖
𝑁
𝑖=1

= 𝐶1

∑ 𝐿𝑖
𝑁
𝑖=1

∑ 𝐿𝑖
𝑁
𝑖=1

+ 𝐶2

∑ 𝐿𝑖 · 𝑑𝑖
𝑁
𝑖=1

∑ 𝐿𝑖
𝑁
𝑖=1

= 𝐶1 + 𝐶2 · 𝑑𝑎 (2) 

In the denominator, the quotient between the heat demand and the pipe length, 𝑄𝑠/𝐿 [MWh/mpipe], 

constitutes the linear heat density, a parameter of paramount importance in both the construction 

costs and the heat losses (Frederiksen & Werner, 2013). In turn, this parameter may be calculated as 

the product of three factors, (I) the specific heat demand, 𝑞 [kWh/m2
floor area], (II) the plot ratio, [m2

floor 

 
1 In the calculations the International System of Units (SI) has been employed and hence, heat has been measured 
in GJ, but for the sake of a better comprehension, this document will employ the MWh instead.  
2 The pipe length is in reality the trench length and in the case of twin pipes being used, both lengths will be 
identical.  



Construction costs of new district heating networks in France 

© 2022 sEEnergies | Horizon 2020 – LC-SC3-EE-14-2018-2019-2020 | 846463 

9 

area/ m2
land], and (III) the effective width, 𝑤, [m = m2

land/mpipe]. On the one hand, the product of the first 

two (I & II) translates into the heat density, this is, the amount of heat demanded by a unit of ground 

area, 𝑞𝐿 [kWh/m2
land or MWh/ha]. On the other hand, the third element (III), the effective width, 

indicates the land area that a unit length of pipe could supply. This latter parameter could also be 

expressed by means of its inverse, the specific length, 𝑤 = 1/𝐿𝑢, which would indicate the required 

pipe length per unit of ground area. In order to keep the same formulation as in previous works, this 

report will use the effective width concept.  

Where:  

− 𝐶𝑑 is the unit distribution cost; this is, the annualised investment per unit of delivered heat.  

− 𝑎, is the annuity, the ratio between the sum of the principal payment, and interest, and the 

initial investment. It will depend on the interest rate and the amortization period.  

− 𝐼, is the investment required for installing the district heating pipes in a given zone.  

− 𝑄𝑠, is the heat demand in the given zone.  

− 𝐿, is the length of the trench, which will match the pipe length in case of employing twin pipes.   

− 𝐼𝑢, is the investment per unit of trench length.  

− 𝑑𝑎, is the length weighted average diameter in the given zone.   

− 𝐶1, is the intercept of the cost curve.  

− 𝐶2, is the slope of the cost curve.   

− 𝐴𝑓, is the floor area of the buildings in the area.   

− 𝐴𝐿, is the ground/land area in the zone under study.   

− 𝑞, is the specific heat demand; this is, the heat demand per unit of floor area (
𝑄𝑠

𝐴𝑓
).  

− 𝜀, is the plot ratio, which is the quotient between the floor area and the ground area, (
𝐴𝑓

𝐴𝐿
). It 

indicates the building density of the area. In some figures, it also appears as “𝑝𝑟”.  

− 𝑞𝐿, is the heat density; this is, the amount of heat demanded per unit area of ground. 

− 𝑤, is the effective width or the ratio between the ground area and the trench length.  

In general, it is possible to obtain the heat density by analysing the different characteristics of the 

urban environment. Similarly, the two parameters, 𝐶1 and 𝐶2, can be determined through regression 

of costs from previous projects. However, this is not the case with two parameters of Equation (1), the 

average pipe diameter and the effective width.  

Regarding the average diameter, Persson and Werner have proposed the expression in (3), which has 

been derived from the study of Swedish networks (Figure 1). This empirical formula relates the average 

diameter in an area with its linear heat density. It must be noted, though, that this Equation has been 

obtained solely for distribution pipes.   

𝑑𝑎 = 𝑎 · 𝑙𝑛 (
𝑄𝑠

𝐿⁄ ) + 𝑏 (3) 

Where:  

− 𝑎 is the origin of the curve in the logarithm scale. It has a value of 48,5 in case the linear heat 

density is expressed in GJ/m, and the average diameter is provided in mm.  

− 𝑏, is the intercept of the curve in the logarithm scale. It has a value of 0,9 in case the linear 

heat density is expressed in GJ/m, and the average diameter is provided in mm. 
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Figure 1. Relation between the average pipe diameter for distribution pipes and the Linear Heat Density 
(LHD). Elaborated with data from (Persson & Werner, 2011).  

 

The foregoing expression, (3), has few additional limitations.  

One of such limitations refers to the temperature difference between the supply and return flows. The 

expression has been tailored based on Swedish networks, which tend to present temperature 

differences of around 35°C (Frederiksen & Werner, 2013). If lower temperature differences were more 

prevalent in other countries, the pipe diameters would consequently be larger, all others being equal, 

a behaviour, which the Equation from Persson and Werner would not be able to capture. 

Another limitation is that pipe diameter is related to the maximum flow which, caeteris paribus, is 

proportional to the maximum heat power capacity. This implies that, if two systems were to have the 

same heat demand but different capacity factors, the system with the lowest capacity factor would 

require larger pipes. However, this capacity factor effect is not considered in expression (3), which only 

takes into account the supplied heat. Capacity factors tend to decrease with higher ambient 

temperatures due to shorter heating seasons (Frederiksen & Werner, 2013). Moreover, it is common 

in some countries to apply drastic night setbacks which lead to high morning peaks, which could lower 

the capacity factor additionally (Capone et al., 2021; Jebamalai et al., 2020; Noussan et al., 2017). This 

reduction of the capacity factor with respect to Sweden would mean that in warmer countries and/or 

countries where night setbacks are more prevalent, expression (3) would underestimate the necessary 

diameters to a certain extent.  

The obtention of the second parameter, the effective width, has been more challenging. If we aimed 

for high precision, it would be required an in-depth analysis of the street network and the location of 

the buildings to be supplied. Nonetheless, these thorough assessments are only feasible in detailed 
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studies for a city and are not applicable for an analysis of the entire European continent. Therefore, in 

previous projects, it was employed several empirical equations elaborated by Persson and Werner 

(Persson & Werner, 2010) from their study of Swedish networks. These formulae relate the effective 

width with the plot ratio, as shown in Equation (4).  

𝑤 = 61,8 · 𝜀−0,15 (4) 

The novel contribution of sEEnergies to the progress of Persson and Werner's model has been a better 

understanding of effective width in sparsely populated areas. Moreover, not only distribution pipes 

have been studied but also service pipes3.  

 

  

Figure 2. Distribution and Service pipes in Copenhagen (to the left) and Horsens (to the right) in Denmark.  

 

This better understanding has been achieved thanks to a geographic analysis of a district heating 

network in the Danish city of Odense in Denmark. This network has a total length of 2.264 km and is 

connected to 67.000 heat meters, which supply more than 200.000 persons. Significantly, the network 

not only supplies the city centre but also covers the suburbs, which has enabled the determination of 

effective width in areas with different building densities.   

In Figure 3 it has been depicted the results of the geographical analysis. Each point represents a 

squared area of 25 hectares, in which both the plot ratio and the effective width have been calculated. 

Using these points, it has been obtained, on the one hand, two regression curves (red lines), and on 

the other hand, two surrounding curves (yellow and purple lines). The regression curves would provide 

the average effective width for a given diameter whilst the surrounding curves would indicate the least 

favourable effective width, i.e., the longest pipe length possible for such a plot ratio. In order to obtain 

a conservative cost estimate, it has been decided to use the surrounding curves instead of the 

 
3 The Heat Roadmap Europe projects only took into account distribution pipes, which constitute the main 
network that connects the transmission network (if it exists) or the production site with the service pipes, which 
arrive to each individual consumer.  

Service 

pipe 

Service pipe

  

Distribution pipe Distribution pipe 
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regression curves. These surrounding curves have been transcribed in equations (5) and (6), which 

indicate the effective width for distribution and service pipes, respectively.  

 

  

Figure 3. Effective width for distribution (left) and service (right) pipes. 

  

𝑤𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 = 𝑚𝑎𝑥 (
𝑒2

𝜀
, 𝑒4) (5) 

𝑤𝑠𝑒𝑟𝑣𝑖𝑐𝑒 = 𝑚𝑎𝑥 (
𝑒2

𝜀
, 𝑒

𝑙𝑛(𝜀)+3.5
0.7737+0.18559·𝑙𝑛(𝜀)) (6) 

The surrounding curve is slightly different from the curve presented in previous works, but both 

provide similar values of around 50 m in high-density areas. This effective width value corresponds to 

a pipe length of approximately 200 meters per hectare, which would be the average pipe length 

necessary to supply a dense area with district heating. Given this effective width similarity, sEEnergies 

will confirm Heat Roadmap Europe results regarding the costs of distribution pipes in these high-

density areas. Since high-density regions are, in any case, the most feasible for district heating, the 

sEEnergies study would provide a similar district heating potential to Heat Roadmap Europe, although 

somewhat smaller, since service pipes are now taken into consideration.  

In the case of service pipes, the increment of effective width and the consequent reduction of pipe 

length in high-density areas is due to the fact that in high-density areas, the buildings also tend to be 

larger and hence fewer pipes are needed, and they are also usually closer to the distribution pipes.  

A detailed analysis of the methodology, as well as the detailed results, has been included in an article, 

which was presented at the 17th International Symposium on district heating and Cooling (Sánchez-

García et al., 2021). Moreover, we are currently working on an examination of additional district 

heating networks in Denmark to validate this study.  

An implicit hypothesis of the method is the connection rate, which has been assumed to be 100%; this 

is, all the consumers reached by a pipe are connected, which guarantees the minimum piping cost. 
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This is a reasonable assumption in countries with experience in heat planning, like Denmark. However, 

in other environments more prone to laissez-faire heat supply, the method would result in lower costs 

than expected. A recent article by Dénarié et al. has addressed this issue in Italy (Dénarié et al., 2021), 

but at this moment, this question has not been incorporated into the model of Persson and Werner.  

Finally, and in order not to miss the overall picture of the cost estimation process, the sketch in Figure 

4 shows a graphic summary of the calculation method expounded in the previous paragraphs.  

In this sketch, it must be mentioned that the diameter of the Service pipes has not been calculated, 

and it has been assumed constant and equal to 30 mm since there does not exist a similar relation to 

the one presented in Figure 1 for distribution pipes. We hope to solve this issue in the next iteration 

of the project.   

 

 

Figure 4. Network cost estimation procedure. 
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3 Data 

3.1 Heat Demand and Floor Areas 

The heat demand has been estimated for every hectare of the European Union (EU28), using the model 

previously developed in the Heat Roadmap Europe project, whose methodology can be consulted in 

(Persson et al., 2017).  

In summary, the model proposed by Möller et al. in Heat Roadmap Europe simultaneously combines 

a top-down and a bottom-up approaches. The goal of this combination is to take advantage of the 

granularity provided by the bottom-up method while ensuring that the aggregated heat demand for 

each country matches the observed data. Moreover, it employs a series of European databases that 

safeguard a uniform application throughout the continent.  

Concretely, the sum of the files “Peta5_0_1_HD_res” and “Peta5_0_1_HD_ser” was used for the heat 

demand and the corresponding file for the floor areas4 (Möller, Wiechers, Persson, et al., 2022). 

3.2 Annuity 

In the project, it has been assumed an amortization period of 30 years and an interest rate of 3% 

coherent with the socio-economic perspective of the project, which results in an annuity of 5,1%. 

Nevertheless, since the amortization period can be too long from a private business perspective, this 

report has recalculated the results for an amortization period of 20 years (annuity of 6,7%).  

In case it is wished to obtain the results in other circumstances, the costs can be multiplied by the ratio 

defined in Equation (7).  

𝑟𝑎𝑡𝑖𝑜 =  

𝑖𝑛𝑒𝑤(1 + 𝑖𝑛𝑒𝑤)𝑦𝑛𝑒𝑤

−1 + (1 + 𝑖𝑛𝑒𝑤)𝑦𝑛𝑒𝑤

𝑖𝑜𝑙𝑑(1 + 𝑖𝑜𝑙𝑑)𝑦𝑜𝑙𝑑

−1 + (1 + 𝑖𝑜𝑙𝑑)𝑦𝑜𝑙𝑑

 (7) 

Where:  

− 𝑖𝑛𝑒𝑤 and 𝑖𝑜𝑙𝑑 represent respectively the new and the original interest rate, 3%.  

− 𝑦𝑛𝑒𝑤 and 𝑦𝑜𝑙𝑑  represent respectively the new and the original amortization periods, 20 years. 

3.3 Cost Curves 

The installation of district heating pipes for different diameters from which it is possible to obtain the 

parameters C1 and C2 have been, together with the effective width, the data whose obtention has 

come across most difficulties. On the one hand, there exists a great deal of variability between projects 

depending on the local conditions, such as pipe length, pipe location, or the ground surface. On the 

other hand, businesses are rather hesitant to disclose these data.  

This project has obtained data from the countries listed in Table 1 and represented in Figure 5. Some 

of the data has been retrieved from public reports, such as the case of the Netherlands, United 

Kingdom and France, whereas in other cases, the data has been delivered by National Associations of 

district heating or researchers of the respective countries. In a few instances, sharing the curves is 

 
4 Note that, unlike the heat demand files, the floor areas file has not been publicly released.  
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impossible due to an express wish from the sources. In general, and to the maximum possible extent, 

the construction costs are expressed in 2020 Euros without any correction for purchase power. For 

those countries with outdated information, the pipe costs have been updated by means of a 

construction cost index, such as in the case of Sweden or by the general Consumer Price Index, such 

as in the case of France.  

Table 1. Pipe cost curves for ten European Countries5 

Country 

Diameter 
Range 

Intercept Slope 
Source 

Min Max (€/m) (€/m·mm) 

France 25 300 664 2,610 (AGFW, 2021) 

Spain 65 125 354 4,314 (Cuesta, 2020) 

France 65 450 * * (Roger, 2020) 

Croatia 25 250 * * (Dorotić, 2020)  

Italy 50 400 540 2,087 (Denarie, 2020) 

Lithuania 70 600 71 3,262 (Gurklienė, 2020) 

Hungary 25 200 * * (Edit, 2020) 

Netherlands 65 250 549 3,370 (Schepers et al., 2019) 

Sweden 50 400 439 4,073 
(Sánchez-García, 2017; Statistiska centralbyrån & 

Byggföretagen, 2021; Svensk Fjärrvärme AB, 2007) 

United Kingdom 25 500 549 2,236 (AECOM et al., 2017) 

 

 

Figure 5. Construction costs of district heating pipes for different diameters in various European countries.  

 

 
5 Three countries have provided data, but the cost curves cannot be published due to confidentiality agreements.  
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In Figure 5 it has also been depicted the pipe cost curve used in HRE4, which stemmed from the 2007 

Swedish Pipe Cost Catalogue (Svensk Fjärrvärme AB, 2007) and was updated following the 

methodology presented in (Sánchez-García, 2017). The difference between that curve and Sweden's 

curve represents the update to 2020.  

In addition to the information compiled in Table 1, in Denmark, it has also been possible to obtain the 

construction costs of 16 different projects located throughout the country. These costs have been 

gathered in Figure 6 and Figure 7, which show the distribution and transmission pipe costs, 

respectively. 

 

 

Figure 6. Construction Cost of Distribution district heating Pipes in various Danish projects. Sources: (COWI, 
2017, 2020; Plan Energi, 2021a; Rambøll, 2018, 2020, 2021a, 2021b; Rambøll & Glostrup Forsyning, 2021; 
SWECO, 2020; Trefor Varme, 2021) 

  

0

500

1.000

1.500

2.000

2.500

3.000

0 50 100 150 200 250

Sp
ec

if
ic

 c
o

st
 (

€
/m

)

DN (mm)

Glostrup (Hovedstaden), 2021 Støvring (Jylland), 2021

Gladsaxe (Hovedstaden), 2021 Fredensborg (Sjæland), 2020 - Non-Asphalted

Fredensborg (Sjæland), 2020 - Asphalted Lundtofte (Hovedstaden), 2020

Næstved (Sjæland), 2017 Frederiksberg (Hovedstaden), 2021

Hvidovre (Hovedstaden), 2021 Vejle (Jylland), 2021

Give (Jylland), 2021 Skagen (Jylland), 2021

Frederiksberg (Hovedstaden), 2018



Construction costs of new district heating networks in France 

© 2022 sEEnergies | Horizon 2020 – LC-SC3-EE-14-2018-2019-2020 | 846463 

17 

 

Figure 7. Construction Costs for Transmission district heating Pipes in various Danish Projects6. Sources: 
(Niras, 2018; Plan Energi, 2021b; Rambøll, 2019; TVIS, 2020). 

 

One of the ancillary goals of this project consisted in collecting detailed information about construction 

costs in various countries with the purpose of drawing a comparison between them. This comparison 

would help to detect those countries with more efficient installation, which could trigger the exchange 

of ideas, construction, or administrative techniques to pave the road for developing district heating 

more cost-effectively. Unfortunately, the quality of the retrieved information has not allowed us to 

make an assessment beyond the comparison of the total costs. Some countries have only informed 

about the total costs, others about the share between labour and material and only two countries have 

provided detailed information about the different items such as civil works or pipe welding.  

Despite not being able to carry out a more rigorous analysis of the data, the observation of the cost 

curves permits drawing a few conclusions.  

First, it can be appreciated that lower costs are present in countries with lower salaries accounting 

Lithuania for the lowest costs. Second, France and Italy follow a similar pattern, which is substantially 

different from the other countries since they have relatively high costs in small diameters but relatively 

 
6 In the case of Vamdrup, it is possible that the total cost from which the specific cost has been estimated includes 
the cost of heat exchangers at both ends of the transmission line.  
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low in higher diameters. This behaviour could be due to a higher weight of fixed costs independent of 

the pipe size or merely stem from a different allocation criterion.  

The case of Sweden and especially Denmark are also of interest since both countries have very high 

labour costs (Unit Labour Costs of 44 €/h and 36 €/h in the construction sector in 2019 in Denmark and 

Sweden, respectively (European Commission, 2021)), but similar installation costs to other European 

countries with lower salaries. These two countries have a long district heating tradition, possibly 

contributing to higher construction efficiencies. On the other hand, in Denmark, it is noteworthy the 

stark difference between different areas of the country since projects in small or mid-size towns in 

Jutland (Jylland) present lower costs than in the suburban areas of Copenhagen (Sjæland and 

Hovedstaden), which, in turn, are much lower than in the centre of Copenhagen (Frederiksberg). 
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4 Results 

One key input data is the heat density, which turns out to be the crucial factor when estimating the 

specific cost of building new district heating networks. In Figure 8, Figure 9, Figure 10, Figure 11 and 

Figure 12 it has been depicted the heat densities in the cities of Paris, Lyon, Toulouse, Strasbourg and 

Lille-Roubaix respectively.  

 

 

Figure 8. Heat demand in the metropolitan area of Paris. 

 

The effect of the heat density on the specific construction cost has been depicted in Figure 13, which 

highlights the relatively low specific cost in areas with high ground heat densities. It can be appreciated 

that heat densities above 800 MWh/ha would lead to specific costs below 20 €/MWh, which would 

likely be deemed acceptable from a business standpoint. Provided more extended amortization 

periods (e.g., 30 years), lower ground heat densities would be acceptable, leading to the usual 

threshold of 500 €/MWh. In Denmark, which has a long tradition of heat planning (Energistyrelsen 

(Danish Energy Agency), 2017), relatively low construction costs, long amortization periods (30-50 

years), low capital costs and high taxation on fossil fuels, it is usual to develop areas with ground heat 

densities as low as 100-200 MWh/ha (Frederiksen & Werner, 2013).  
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Figure 9. Heat demand in the metropolitan area of Lyon. 

 

Figure 10. Heat demand in Toulouse. 
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Figure 11. Heat demand in the metropolitan area of Strasbourg. 

 

Figure 12. Heat demand in the metropolitan area of Lille-Roubaix. 
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Figure 13. Specific construction cost as a function of the ground heat density7.  

In Figure 14 it is illustrated the result of applying the cost method to the metropolitan area of Marseille. 

In this image, it is possible to appreciate how the densest areas present the lowest specific network 

costs, whilst the least populated regions, which also have the lowest heat densities, are much more 

expensive. It must be borne in mind that, while the costs have been determined on a hectare basis, 

the difference with the actual expenses in individual cells can be significant, and the model can only 

deliver accurate results when aggregated in larger areas.  

The application of the model described in previous sections all over the country would enable the 

determination of national potential for district heating. In Figure 15, it has been presented one result 

of these calculations, the cost curve for the country, which indicates the cost of supplying additional 

amounts of heat (marginal cost), assuming that the cheapest areas are developed first. Observing this 

curve, it can be appreciated that it would be possible to deliver 28% of the country's heat demand, 

estimated at 420 TWh, with a cost lower than 20 €/MWh and close to half of the heat demand (47%) 

with a cost of 30 €/MWh. From a societal perspective, it may be possible that a higher district heating 

share could lead to a reduction in the total costs of the entire energy system thanks to the services 

that district heating systems can provide to the energy system, such as the integration of waste heat 

from industrial processes, the support to the decarbonization of the electric grid through "sector 

 
7 These costs are only for illustration purposes, since the actual value will depend on more factors as explained 
before. They have been determined assuming a specific heat demand of 75 kWh/m2

floor, Swedish pipe costs in 
2020 with an amortization period of 20 years and an interest rate of 3%.  
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coupling" (large heat pumps, CHP, heat storage). This societal perspective has been included in WP 6, 

which has carried out a complete simulation of the energy system in EnergyPLAN.8  

 

 

Figure 14. Distribution costs in the metropolitan area of Marseille. 

 

If the attention is centred on the different NUTS3 regions, it can be observed how the potential differs 

considerably between them. The département of Paris could virtually supply the entire heat demand 

with a cost of 20 €/MWh and the regions of Hauts-de-Seine, Seine-Saint-Denis, Val-de-Marne could 

deliver above 70% of the heat demand above that cost threshold.  However, other département such 

as Saône-et-Loire, Maine-et-Loire, Mayenne, Vendée, Côtes d’Armor, Morbihan, Charente, Charente-

Maritime, Deux-Sèvres or Vaucluse would not be able to deliver more than 10% of the heat demand 

through district heating.  

 
8 A general overview of the method applied in Heat Roadmap Europe can be consulted in (Paardekooper et al., 
2018). Furthermore, the book by Henrik Lund, Renewable Energy Systems (Lund, 2014), or the article (Mathiesen 
et al., 2015) provides a deeper insight into the importance of having a comprehensive view of the entire energy 
system and crucial role of achieving a collaboration among the various subsectors of the energy system.  
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Figure 15. Network cost curve for the entire country.  
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Distribution Costs in France

Penetration (%Total Heat Demand in Area)
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Marginal Cost Average Cost

Total heat demand = 
11 147 GWh

Total heat demand = 
9 038 GWh

Total heat demand = 
8 739 GWh

Total heat demand = 
7 689 GWh

Total heat demand = 
8 514 GWh

Total heat demand = 
8 576 GWh
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Penetration (%Total Heat Demand in Area)
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Marginal Cost Average Cost

Total heat demand = 
7 502 GWh

Total heat demand = 
7 100 GWh

Total heat demand = 
2 374 GWh

Total heat demand = 
3 105 GWh

Total heat demand = 
1 710 GWh

Total heat demand = 
4 106 GWh
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Penetration (%Total Heat Demand in Area)
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Marginal Cost Average Cost

Total heat demand = 
2 499 GWh

Total heat demand = 
4 824 GWh

Total heat demand = 
3 729 GWh

Total heat demand = 
1 698 GWh

Total heat demand = 
4 287 GWh

Total heat demand = 
2 698 GWh



Distribution Costs in France

Penetration (%Total Heat Demand in Area)
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Marginal Cost Average Cost

Total heat demand = 
4 131 GWh

Total heat demand = 
2 127 GWh

Total heat demand = 
2 013 GWh

Total heat demand = 
1 108 GWh

Total heat demand = 
4 716 GWh

Total heat demand = 
3 560 GWh
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Penetration (%Total Heat Demand in Area)
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Marginal Cost Average Cost

Total heat demand = 
2 147 GWh

Total heat demand = 
4 339 GWh

Total heat demand = 
8 279 GWh

Total heat demand = 
17 323 GWh

Total heat demand = 
10 534 GWh

Total heat demand = 
4 202 GWh
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Penetration (%Total Heat Demand in Area)
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Marginal Cost Average Cost

Total heat demand = 
5 826 GWh

Total heat demand = 
4 184 GWh

Total heat demand = 
8 092 GWh

Total heat demand = 
5 778 GWh

Total heat demand = 
2 229 GWh

Total heat demand = 
2 372 GWh
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Penetration (%Total Heat Demand in Area)

0% 20% 40% 60% 80%
100%

0

10

20

30

40

50
Marne

0% 20% 40% 60% 80%
100%

0

10

20

30

40

50
Haute-Marne

0% 20% 40% 60% 80%
100%

0

10

20

30

40

50
Meurthe-et-Moselle

0% 20% 40% 60% 80%
100%

0

10

20

30

40

50
Meuse

0% 20% 40% 60% 80%
100%

0

10

20

30

40

50
Moselle

0% 20% 40% 60% 80%
100%

0

10

20

30

40

50
Vosges

Marginal Cost Average Cost

Total heat demand = 
4 110 GWh

Total heat demand = 
1 475 GWh

Total heat demand = 
5 385 GWh

Total heat demand = 
1 609 GWh

Total heat demand = 
7 990 GWh

Total heat demand = 
3 116 GWh
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Penetration (%Total Heat Demand in Area)
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Marginal Cost Average Cost

Total heat demand = 
8 494 GWh

Total heat demand = 
5 468 GWh

Total heat demand = 
2 184 GWh

Total heat demand = 
3 963 GWh

Total heat demand = 
4 662 GWh

Total heat demand = 
4 350 GWh
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Penetration (%Total Heat Demand in Area)
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Marginal Cost Average Cost

Total heat demand = 
6 283 GWh

Total heat demand = 
6 717 GWh

Total heat demand = 
5 086 GWh

Total heat demand = 
3 021 GWh

Total heat demand = 
9 304 GWh

Total heat demand = 
2 653 GWh
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Penetration (%Total Heat Demand in Area)
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Marginal Cost Average Cost

Total heat demand = 
2 292 GWh

Total heat demand = 
4 116 GWh

Total heat demand = 
1 773 GWh

Total heat demand = 
956 GWh

Total heat demand = 
2 646 GWh

Total heat demand = 
2 573 GWh
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Penetration (%Total Heat Demand in Area)

0% 20% 40% 60% 80%
100%

0

10

20

30

40

50
Charente-Maritime

0% 20% 40% 60% 80%
100%

0

10

20

30

40

50
Deux-Sèvres

0% 20% 40% 60% 80%
100%

0

10

20

30

40

50
Vienne

0% 20% 40% 60% 80%
100%

0

10

20

30

40

50
Aude

0% 20% 40% 60% 80%
100%

0

10

20

30

40

50
Gard

0% 20% 40% 60% 80%
100%

0

10

20

30

40

50
Hérault

Marginal Cost Average Cost

Total heat demand = 
4 362 GWh

Total heat demand = 
2 731 GWh

Total heat demand = 
3 057 GWh

Total heat demand = 
2 250 GWh

Total heat demand = 
4 582 GWh

Total heat demand = 
6 107 GWh
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Penetration (%Total Heat Demand in Area)
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Marginal Cost Average Cost

Total heat demand = 
551 GWh

Total heat demand = 
2 564 GWh

Total heat demand = 
999 GWh

Total heat demand = 
1 919 GWh

Total heat demand = 
7 724 GWh

Total heat demand = 
1 315 GWh
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Penetration (%Total Heat Demand in Area)
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Marginal Cost Average Cost

Total heat demand = 
1 266 GWh

Total heat demand = 
1 483 GWh

Total heat demand = 
2 560 GWh

Total heat demand = 
1 683 GWh

Total heat demand = 
2 592 GWh

Total heat demand = 
1 072 GWh
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Penetration (%Total Heat Demand in Area)
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Marginal Cost Average Cost

Total heat demand = 
1 670 GWh

Total heat demand = 
4 354 GWh

Total heat demand = 
4 669 GWh

Total heat demand = 
2 311 GWh

Total heat demand = 
3 410 GWh

Total heat demand = 
8 395 GWh
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Penetration (%Total Heat Demand in Area)
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Marginal Cost Average Cost

Total heat demand = 
5 103 GWh

Total heat demand = 
10 891 GWh

Total heat demand = 
3 008 GWh

Total heat demand = 
5 635 GWh

Total heat demand = 
1 105 GWh

Total heat demand = 
981 GWh
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Penetration (%Total Heat Demand in Area)
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Marginal Cost Average Cost

Total heat demand = 
6 013 GWh

Total heat demand = 
10 210 GWh

Total heat demand = 
5 871 GWh

Total heat demand = 
3 437 GWh

Total heat demand = 
757 GWh

Total heat demand = 
922 GWh
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