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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

In this paper, we use a heat density map (HDM) and a plot ratio map to propose a GIS-based method for determining potential 
DH areas with specific focus on district heating (DH) grid costs. The DH areas are determined via performing sensitivity 
analyses on the HDM under consideration of predefined upper bound of the average distribution costs. The approach additionally 
allows for estimation of length and diameter of transmission lines and their associated costs. The outputs are GIS layers that 
illustrate areas that are economically viable for construction of DH as well as the cost-minimal transmission lines connecting 
these regions to each other. The impacts of key input parameters like grid costs ceiling and market share on potential and on 
expansion and extension of the DH systems were studied for the case study of Vienna. The results showed that the increase of 
DH market share in DH areas under a certain grid cost ceiling significantly reduce average grid costs. In addition, it was revealed 
that the expansion of DH system without increasing the market share in the DH areas does not effectively increase the share of 
DH from the total heat demand and leads to higher average grid costs. These results call for policy interventions like spatial heat 
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1. Introduction 

The investments in district heating (DH) infrastructures help to integrate diverse renewable and low-carbon 
energy sources and reduce the dependency on a single energy source. Especially with the 4th generation of DH 
system, due to its low working temperature, it is possible to supply heat, either directly or indirectly, with a wide 
range of energy sources such as geothermal, solar, wind, biomass, excess heat etc. [1]. However, the initial 
investment in the DH grid is usually associated with uncertainty regarding future heat sales and the potentially 
achievable connection rate of DH. In this paper, the DH grid investments are studied from various perspectives such 
as grid cost ceiling, investment periods, DH market share and expected levels of the energy saving in future due to 
building retrofitting and renovation. In addition, the impact of these parameters on DH potential and connection of 
remote areas to the DH grid is studied as well. 
Nomenclature 

A  Set of all coherent areas 
AF  Annuity factor 
C  Set of pipeline dimension steps 
C1,T, C2,T  Construction costs constant [€/m] and Construction costs coefficient [€/m2] 
Capij  Required capacity in the pipeline connecting area i to j [MW] 
cdist, ctrans, cgrid, Average specific costs of distribution grid, transmission grid and both of them [€/MWh] 
c_grid_max Specific grid cost ceiling [€/MWh] 
c_dist_max Specific distribution grid cost ceiling [€/MWh] 
da  Pipe diameter [m] 
Dt  Annual heat demand in year “t” 
e  Plot ratio 
FLH  Full load hours 
G  Coherent area with highest DH heat demand 
InvT  Investment in year “T” 
L  Total trench length [m] 
lij  Border-to-border distance of area i and area j 
m  Investment period [years] 
MS0, MSm DH market share at the beginning (year “0”) and the end (year “m”) of the investment period 
n  Depreciation time 
PowStep  Capacity of a pipeline for a give dimension 
qi  Boolean variable determining if the coherent area i is part of DH system or not 
Qt  Heat demand supplied by DH in year “t” 
r  Interest rate 
S  Ratio of accumulated energy savings 
SPCTLij  Specific cost of transmission line connecting area i to area j 
TLCij  Annualized specific cost of transmission line connecting area i to area j 
TLBij  Boolean variable showing if transmission line from area i to j should be built 
w  Effective width of distribution pipeline [1/m] 
yij  Boolean variable determining if there is a line from coherent area i to coherent area j 

The connection of buildings to the DH grid via long pipes not only is expensive, but also increases the heat 
losses. Therefore, the linear heat density (transferred heat per length of pipeline) is considered as a key elements in 
the assessment of DH distribution grid costs [2–4]. The linear heat density was traditionally quantified based on 
empirical data. Another method is to estimate the pipeline length based on street routes and subsequently, calculate 
the linear heat density. This method was used in [5–8]. This is done by determining shortest street pathway required 
to connect all buildings in an area. The method uses computer algorithms and can be easily implemented. However, 
it requires detailed georeferenced data and long processing time for larger areas like a city. The method may also 
ignore waterways, highways, or physical barriers if they exist in the study area. Furthermore, a 100% connection 
rate of buildings to the DH system, even if realized in the future, usually does not occur at once in practice – an 
important issue that should be considered in investment decisions. In addition, the implementation of method for 
lower connection rates is also difficult to implement and may lead to inaccurate results. Persson and Werner 
proposed an analytical approach for estimating the linear heat density using the concept of effective width [9]. They 
addressed the limitations caused by lack of empirical data for tuning the results. Later on, they used the method for 
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estimating the distribution cost of district heating based on heat demand and plot ratio and demonstrated the 
competitiveness of DH in inner city areas for several European cities [10]. Since then, the approach has been applied 
widely in different study areas [11–15]. The advantage of this method is its easy implementation and application for 
large regions as well as the higher calculation speed. 

The determination of potential DH areas can be used for either construction of new DH systems or extension of 
them. In that sense, the GIS methods provide a good insight to study areas and have been used frequently by 
researchers and energy planners [3,12,16–18]. The GIS methods used for estimation of DH potential can be divided 
into 3 main categories. In the first category, the heat sources and sinks are indicated with a very local focus in order 
to precisely determine the expansion and extension potentials. In this way, the major heat consumers such as shops, 
hospitals, hotels, offices etc. are determined and the DH potential calculated. For example, Finney et al. determined 
the existing and emerging heat sources and sinks and subsequently, depending to their vicinity to the existing DH 
infrastructure, calculated the potential for expansion of DH system via separate network as well as for the extension 
of the existing networks [19]. In the second category, a heat demand threshold is used for the determination of areas 
with DH potential [16]. In other words, it is assumed that the DH supply of all dense areas with a heating demand of 
above a certain level is economically viable. This method can be additionally used to determine the suitable 
technology for heat supply depending on the heat density, as done in [17]. The third category, calculates the 
distribution costs using the concept of effective width, as proposed by Persson and Werner [10], and compares them 
with other heat supply options. For instance, Nielsen and Möller divided the grid investment into distribution grid 
and transmission grid investment [4]. For the distribution costs, they used the analytical approach based on the 
concept of effective width. For the transmission lines, on the other hand, they calculated the costs based on required 
capacity and shortest path between the center of a potential DH area and center of the closest existing DH system to 
that area. Finally, areas that had the total cost of lower than individual supply options, were considered as potential 
DH expansion areas. 

The strength and weakness found in above enumerated methods are explained in the following. Having a detailed 
local focus and determining heat sources and sinks with the intention of providing a reliable, accurate result for a 
given case study, is highly beneficial for making concrete investment decisions (category 1). However, this process 
requires a very detailed information about the suppliers and consumers and replicating it in other regions requires 
almost the same amount of effort. The introduction of the heat density threshold for determination potential DH 
areas, as was done in category 2, is much easier to apply to larger areas and requires less processing time. However, 
sometimes the obtained regions are close to each other and interconnection of these regions may economically 
justify the supply of heat to their surrounding areas with DH as well. In other words, it may underestimate the 
existing potential. Furthermore, the small zones are prone to demand reduction, which can risk the investment for 
connecting them to the DH grid. In comparison to the category 2, category 3 provides a brighter picture from pre-
feasibility study of implementing DH systems. However, it should be noted that implementation of DH system in 
new areas is a time consuming procedure and the uncertainties regarding heat saving actions and the expected future 
market share should be included in the study. Additionally, it should be noted that having common transmission line 
corridor between several potential areas, instead of building multiple parallel lines, could improve the feasibility of 
connecting more potential areas to the DH system. This leads to a better estimation of required pipeline diameter 
and as a result, reduction of costs of heat losses in transmission lines. 

Consequently, this paper proposes a method for determining DH potential with respect to investment periods, 
expected future market share of DH system, expected level of energy savings. Additionally, the cost-optimum 
transmission lines and their capacities for connecting the coherent areas are determined. The method is applied to 
the case study of Vienna and the obtained results are illustrated in GIS-layers. 

2. Approach 

For the economic assessment of investment in DH system, both marginal heat generation costs and heating grid 
investments must be studied [2]. However, to simplify the problem and focus on grid investments, we introduce a 
parameter as grid cost ceiling (c_grid_max). This parameter implies that the marginal heat generation costs have 
been studied separately and to keep the DH system competitive, the grid costs may not exceed this cost ceiling. 
Additionally, the DH grid costs (cgrid) is split up into distribution grid capital costs (cdist) and transmission grid 
capital costs (ctrans). This is shown in Eq. (1). 
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The main input data for this study are a heat density map (HDM) and a plot ratio map. These data are obtained 

from the preliminary version of European HDM and plot ratio map provided by Hotmaps project [20]. Both the 
HDM and plot ratio map have a resolution of 100x100m. Each cell of these maps is referred as a pixel in this work. 

2.1. Distribution costs 

One of important means to reach the EU targets for reduction of greenhouse gases is improving the efficiency 
and decreasing energy use in buildings [21]. In term of heat consumption, this lead to implementing measures for 
energy-efficient thermal envelope retrofit of existing buildings and constructing new buildings with higher thermal 
insulation levels. These measurements have direct impact on heat demand and influence investments in DH systems. 
Considering an investment period of “m” consecutive years on DH grid, the annual heat demand in tth year of 
investment (Dt) is calculated using the heat density map from the first year of investment and the ratio of 
accumulated energy saving (S) at the last year of investment (Eq. (2)).  
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The reduction of heat consumption in European buildings in the future, can potentially affect the capital costs and 

consequently, the market share of DH. Therefore, the current market share as well as the targeted market share at the 
end of investment period should be included in the investment calculation. In this paper, the term “market share” is 
referred to “market share within DH areas” unless it is clearly stated. Accordingly, the expected heat demand that 
should be supplied by DH in each year (Qt) and in each pixel is calculated based on the DH market share at the 
beginning of the investment period (MS0) and the expected market share at the last year of investment (MSm): 
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The distribution grid investment required in each pixel of the HDM is calculated using the proposed method by 

Persson & Werner [10] with additional considerations regarding the investment period. The study area is categorized 
in three groups (inner city areas, outer city areas and park areas) based on the plot ratio value. Subsequently, the 
linear heat density (L) is calculated using the concept of effective width (w) in Eq. (4). Afterwards, the average pipe 
diameters in distribution grid is estimated Eq. (5). Finally, the distribution grid investment in year T is calculated by 
Eq. (6). 
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The parameters used in Eq. (4-6) are as follows: Qt is part of annual heat demand (Dt) that is supplied by DH in year 
t [GJ/a], C1 is the construction cost constant [€/m], C2 is the construction cost coefficient [€/m2], da is the average 
pipe diameter [m], L is the total trench length [m]. C1 and C2 are set according to the plot ratio, r is interest rate and 
n is depreciation time. 

As it is shown in Eq. (3), it is possible that the market share at the end of investment period (MSm) decreases or 
remains equal to the beginning of the investment period. The DH system should be capable to cover the DH demand 
(Qt) at all times of the investment period. Therefore, for the calculation of the investments and potentials, the highest 
annual DH demand during the investment period (Qmax) should be considered. For the calculation of distribution grid 
capital costs in Eq. (6), the annual DH demand is considered to remain constant after the last year of investment 
period. This assumption is made in order to focus on the investment period only. 
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2.2. Determination of coherent areas 

Pixels with low heat demand have high distribution costs and therefore, it is not economic to connect them to the 
DH system. We define a pixel demand threshold of 1GWh/km2 for removing such pixels. By eliminating these 
pixels from the map, we obtain groups of pixels that are attached to each other. Each set of these attached pixels 
constitute small zones that in this paper, are referred as “coherent areas”. Afterwards, the distribution costs in each 
coherent area are calculated and the ones with costs of below the upper bound (c_dist_max) are extracted. 
Subsequently, the pixel threshold is increased with a small step (0.1GWh/km2) and the previous step is repeated. 
This process is continued until no pixel above the threshold remains. The result would be a set of coherent areas, all 
with distribution costs of bellow the defined distribution cost ceiling. Fig. 1 shows the flowchart of these steps. 

In practice, determination of coherent areas starts by selecting regions with higher heat densities. Here, this 
process is done the other way around in order to speed up the calculation process. It should be noted that this has no 
influence on determination of coherent areas since the distribution cost upper bound is considered in each loop. 

2.3. Transmission line model 

Transmission lines connect coherent areas to each other and constitute one connected DH grid. The analysis of 
two or more detached DH systems is not in the scope of this study. The aim of this step is to connect as much 
coherent areas as possible without exceeding grid cost ceiling (c_grid_max). The connected coherent areas that 
constitute the DH system are referred as “economic coherent areas” in this paper. The determination of economic 
coherent areas as well as the cost-minimal transmission lines and their capacities are determined in an optimization 
procedure. This is done by introducing a prize-collecting spanning tree problem. 

In the first step, the border-to-border distances of coherent areas (l) from each other should be calculated. The 
coherent areas are labeled from one to N (Eq. (7)). Considering “N” coherent areas, this will give an NxN distance 
matrix. The transmission pipeline capacities (PowStep) and their specific costs are obtained from Table 1. The 
pipeline specific costs are annualized over the lifetime of the system. The coherent area with highest DH heat 
demand (G) is considered as the only available heat source. It produces the heat for itself and all other economic 
coherent areas. 

 1, 2, ...,A N    (7) 
The prize-collecting spanning tree problem is defined so that the objective would be to maximize the difference 

between the revenue from heat sales in economic coherent areas and the costs imposed by construction of 
transmission lines (Eq. (8)). 

 max,
max   * * * *                ,

i i ij ij iji i j
c_grid_max Q q TLC l y i j A       (8) 

Here, A is the set of all coherent areas; Qmax,i is the highest heat demand that is supplied by DH in area i through the 
investment period; qi is a Boolean variable determining if the coherent area i is part of DH system or not; TLC is the 
annualized specific cost of transmission line connecting area i to area j; lij is the the border-to-border distance of area 
i and area j; yij is a Boolean variable determining if there is a line from coherent area i to coherent area j. 

The objective function, on the one hand, maximize the supplied heat by DH and on the other hand, finds the cost-
optimum combination of the pipelines. The objective function is subject to three groups of constraints: 1) minimum 
spanning tree (MST) related constraints 2) pipeline capacity related constraints 3) economic constraints. These 
groups are explained in detail in the followings. 

2.3.1. Minimum spanning tree (MST) related constraints 
The coherent areas and transmission lines can be considered as a graph. The aim of using MST constraints is to 

connect all economic coherent areas with minimum number of transmission lines. In order to achieve this goal, the 
number of transmission lines should be just below the number of economic coherent areas (Eq. (9)). This rule should 
be true for any subset of the graph and no loop should exist in the final tree (Eq. (10)). Here, it is assumed that 
between two coherent areas, the heat can only flow in one direction (Eq. (11)). Since the number of economic 
coherent areas is not clear before the optimization, additional constraints are required as well. There must be one 
transmission line entering to an economic coherent area (Eq. (12)). On the other hand, a transmission line can be 
drawn from a coherent area, only if one transmission lines has been entered to it (Eq. (13)). Also, a transmission line 
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can be constructed between two “economic” coherent areas (Eq. (14)). Self-loops should not exist in the graph (Eq. 
(15)). The Eq. (16) makes sure that the coherent area G is one of the economical areas. 

 
 1                   ,

ij ii j i
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 1                           ;   , : ,
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 1                                      ,
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2.3.2. Pipeline capacity related constraints 
The required capacity in MW in a pipeline (Cap) is calculated by dividing the total annual energy demand 

transferred through that pipeline (in MWh per year) by 3000 full-load hours (FLH). The capacities depend on the 
existence of the pipelines (yij) and the demand in the economic coherent areas (Qmax,i*qi). The capacities of pipelines 
are bounded so that the solver can converge faster (Eq. (17-22)). 

 max,
* /                                                 ,

ij ij j
Cap y Q FLH i j A     (17) 

        max, max,
* /               ,   ;   ,   ;  

ij h ri rh r
Cap Q y Q FLH i j A h A G i r A G             (18) 

 max,
* 0                                                     ,

ij ij G
Cap y Q i j A      (19) 

 max,
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ii

Cap i A      (22) 
 
Table 1. Total cost of transmission pipes including projecting, field work, 
pipe work, materials, and digging, based on [4] with 55°C temperature difference. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.3.3. Economic constraints 
The distribution grid cost of economic coherent areas are included in total grid costs. Transmission lines costs, on 

the other hand, are calculated in the optimization model. Based on the required capacity in a pipeline (Cap), a 
suitable step from table 1 should be chosen. Here, the steps are labeled from 1 to 12 (Eq. (23)). Accordingly, the 
pipe capacity (PowStep) and the specific annualized transmission line costs (TLC) are calculated. The transmission 
line Boolean variable (TLB) is used to find the right cost and capacity of pipelines (Eq. (24-28)). The grid cost 
ceiling also should not be exceeded. This condition is fulfilled by Eq. (29). 

 1, 2,3,...,12C     (23) 
     1

* *                                 ,   ;   0
ij ijk k kk

TLC AF TLB SPCTL SPCTL i j A k C


         (24) 

Step 
(C) Dimension DN Capacity [MW] 

(PowStep) 
Specific Cost [EUR/m] 

(SPCTL) 
0 32 0.2 195 
1 40 0.3 206 
2 50 0.6 220 
3 65 1.2 240 
4 80 1.9 261 
5 100 3.6 288 
6 125 6.1 323 
7 150 9.8 357 
8 200 20 426 
9 300 45 564 
10 400 75 701 
11 500 125 839 
12 600 190 976 

Fig. 1. Flowchart of determination of coherent areas (TH: threshold) 
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      max,

0 * * *          ,
i

i i dist ij iji i j
q Q c_grid_max c TLC l i j A         (29) 

3. Parametrization 

A key input parameter of the model is the DH grid cost ceiling (c_grid_max). For the case study of Vienna, we 
study the DH grid cost ceilings from 8 EUR/MWh to 17 EUR/MWh. In this study, the ratio of distribution grid cost 
ceiling (c_dist_max) to grid cost ceiling (c_grid_max) was set empirically by running sensitivity analyses on this 
ratio for various regions across Europe. The sensitivity analyses revealed that the factor of 0.95 provides a good 
balance between inclusion of coherent areas in DH system and connecting remote coherent areas to the DH system 
(Eq. (30)). As the results from [6] shows, this value may reduce to approximately 0.85 if street routes instead of the 
Euclidean distances are used for the transmission line corridors.  

0.95c_dist_max c_grid_max     (30) 
In the last years, the share of district heating from the total heat demand in Vienna has been around 30% [22]. 

This is equivalent to 36% market share within DH areas [23]. The model is run for various expected market share 
increases over the investment period from 2018 until 2030 ranging from 40% to 90%. Additionally, the total heat 
demand reduction due to building retrofitting and higher thermal efficiency of newly constructed buildings is 
considered. This is reflected in the ratio of accumulated energy saving (S) with 5%, 10% and 15% heat demand 
reduction in 2030 compared to 2018. A discount rate of 5% and depreciation time of 30 years are considered in the 
calculations. Table 2 shows the summary of the input parameters and scenarios. 

4. Results 

Here, the outputs are depicted in GIS layers and the impacts of market share and energy savings are presented. 

4.1. GIS Layers 

Fig. 2a shows the HDM of Vienna at the beginning of the investment period. As it can be seen in the map, the 
heat density is at highest in the center and decreases as going toward the suburbs. Fig. 2b illustrates the impact of the 
expected market share at the end of the investment period (MSm) on the expansion of DH system. It can be seen that 
the establishment of DH in the suburban areas only at high market shares (>70%) is economically feasible. The 
expected accumulated energy saving at the end of the investment period (S), however, has a reverse impact on the 
expansion of the DH (Fig. 2c). In other words, the higher the energy saving measurements, the less suburban areas 
can be supplied by DH at a certain grid cost threshold. 

Finally, Fig. 2d shows some of coherent areas and transmission pipelines from a closer look. Additionally, the 
required capacity for the transmission pipelines are shown. Based on this capacity, a suitable pipe dimension is 
selected and accordingly, the pipeline costs are calculated in the model. 

4.2. Impact of market share and energy savings 

Fig. 3 provides a summary of obtained results from various scenarios. In the figure, the points represent the 
calculated average grid costs obtained from the model under a certain scenario. The red lines in Fig. 3a and 3b show 
the current status in Vienna, i.e. the 30% of the total heat demand that is supplied by DH system. 

In the Fig. 3a, the focus is on the impact of the market share on the calculated specific grid cost. As it can be 
seen, under a certain grid cost ceiling (eg. c_grid_max = 14 EUR/MWh), as the market share at the end of the 
investment period (MSm) increases, the specific grid costs decrease. At the same time, the share of total heat demand 
supplied by DH system, increases dramatically. The figure also highlights the importance of achieving a high market 
share. For instance, at the cost of less than 8 EUR/MWh, it is possible to supply more than 60% of total heat demand 
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if the market share of 90% is reached. In the Fig. 3b, the focus is on the impact of the grid cost ceiling on the 
calculated specific grid costs. As it can be seen, higher grid cost ceilings, do not necessarily lead to the increase of 
supplied heat with DH. Considering the section 2.2, increase of the grid cost ceiling has a direct impact on areal 
expansion of the coherent areas. However, areal expansion of DH areas without increasing the market shares, has 
low impact on the increase of the share of total heat demand supplied by DH. This trend can be seen in Fig. 3b. It 
can be concluded that, the increase of the market share within a DH area, has a higher impact on increase of the heat 
supply by DH compared to the expansion of the DH grids to the suburban areas. This has also high impact on the 
reduction of specific grid costs. These can be realized by policy interventions like spatial heat planning, zoning and 
implementation of district heating priority areas [24]. 

Fig. 3c depicts the impact of expected accumulated energy saving on the specific grid costs. It can be concluded 
from the graph that the increase of the accumulated energy saving, leads to slight increase of the average grid costs 
and decrease of the share of total heat demand that is supplied with the DH system. 

5. Discussion 

In order to construct a DH network, the technical aspects such as water flow, heat losses and ground elevation 
should be simulated and optimized in detail. However, the purpose of this article is not to design the distribution and 
transmission grids, but rather to develop a method for estimation of the cost-optimal size and cost of the grid on a 

Fig. 2. (a) Heat density map of Vienna; (b) Coherent areas at various expected market share at the end of investment period (MSm); (c) 
Coherent areas at various expected accumulated energy saving (S); (d) Optimum pipeline connection and required pipeline capacity 
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regional scale and calculate the DH potential. The approach can be applied to any urban and rural area to examine 
different DH grid investment strategies. The outputs of the approach do not limit to a DH potential value; but also 
reveal the investment strategy that can lead to higher heat supply with DH system at the same average grid costs. 
The optimization model not only determines economic coherent areas for connection to the DH grid, but also 
identifies the cost-minimal transmission line passages and required pipeline sizes. Furthermore, the output GIS 
layers provide an intuitive illustration and perspective to an investment plan. 

6. Conclusion 

In this paper, a HDM and a plot ratio map were used for the study of DH potentials. Distribution grid costs in 
each pixel of the HDM were calculated and the coherent areas with an average distribution grid cost of below the 
distribution grid cost ceiling were determined. Subsequently, via an optimization model, the economic coherent 
areas were determined and the optimum corridors for connecting these areas as well as the capacity of transmission 
pipelines were calculated. The method allows for consideration of DH market share and accumulated energy saving 
for the calculation of grid costs and DH potentials. 

The proposed method was applied to the case study of Vienna and various scenarios were examined. The results 
showed that the increase of grid cost ceiling leads to expansion of the coherent areas to suburban areas and 
accordingly, increases of the share of total heat demand supplied by DH. However, this trend slows down as the grid 
cost ceiling rises. Increase of the market share at coherent areas, on the other hand, leads to reduction of average 
grid costs and has a high impact on growing the share of supplied heat by DH from total heat demand. In other 

Fig. 3. (a) Impact of market share at the end of investment 
period (MSm) on obtained average grid costs and on percentage 
of the total heat demand supplied by DH in last year of 
investment for different c_grid_max levels; (b) Impact of grid 
cost ceilings (c_grid_max) on calculated average grid costs and 
on percentage of the total heat demand supplied by DH in last 
year of investment at different market share levels (MSm); (c) 
Impact of expected accumulated energy saving (S) on the 
specific grid costs and on percentage of the total heat demand 
supplied by DH in last year of investment 
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words, higher DH market share can contribute to boost the competitiveness of DH systems. Finally, the increase of 
the accumulated energy saving leads to a slight increase of the average grid costs and decrease of the share of total 
heat demand that is supplied with the DH system. Overall, the results are backing the call for policy interventions 
like spatial heat planning, zoning and implementation of district heating priority areas. 
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