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ABSTRACT 

The development of district heating (DH) systems is 

facing the challenge of servicing areas with lower 

energy demands whose connection might not be either 

effective or profitable if the conventional DH technology 

is used. The purpose of this paper is to propose a 

complementary approach on how to effectively service 

low-energy building (LEB) areas using the existing DH 

networks. The proposed solution consists in supplying 

a secondary low-temperature (LT) network by means of 

a ‘low temperature’ substation that uses the return 

water from the main DH network as a substitute for the 

primary energy source, together with a minor portion of 

the main DH supply. Two types of LT substations are 

proposed and compared to a reference substation: 

First, a one-stage heat exchanger that uses a mixture 

of the main DH network return and supply flows as 

thermal energy source. Second, a two-stage heat 

exchanger that is fed by both the main DH return and 

supply flows. The system subject to this study consists 

on the LT substation with supply/return temperatures at 

55/25 °C average. The system energetic performance 

is analysed though thermodynamic simulation. Outdoor 

ambient temperatures variations throughout the year 

are considered for two specific locations, assuming full 

and partial load operation. The results show that it is 

possible to supply 20-50% of the total annual heat 

demand of a LTDH network using the return flow from 

the main DH network. The solution presented in this 

paper is seen as being of potential interest to deliver 

thermal energy services to LEB areas.  

INTRODUCTION 

The current European climate goals on greenhouse 

gas (GHG) emissions reduction, increased share of 

renewable energy sources, and improved energy 

efficiency have had a marked impact on recent policies 

for the development of the built environment.  New 

directives on the construction and refurbishment of 

buildings define the expected pathways. These 

directives encourage the use and development of 

preferred primary energy sources and technologies for 

servicing the building stock. They also define how 

building structures are to be built or renovated in order 

to achieve high energy efficiency. 

The expansion of District Heating (DH) systems is 

considered as an opportunity to reduce GHG 

emissions, increase the security of supply, and improve 

the overall energy system efficiency while providing the 

required heating services to the building stock [1]. The 

existing DH production and distribution networks have 

been appropriately designed for the current level of 

heat demands. Nevertheless, to incorporate a wider 

variety of thermal energy sources and to match lower 

heating demands, the standard DH technology is not 

suitable technically and economically.  

As a consequence, the development of DH systems is 

facing the challenge of servicing low-energy building 

(LEB) areas [2]. Moreover, with the desired increase in 

the share of renewable energy sources operating at 

lower temperatures than the conventional DH system, 

the system requires an enhancement to effectively 

accommodate these developments and maximize their 

benefits [3].  

Supplying thermal energy services to LEB areas by the 

conventional DH technology implies a mismatch 

between the quality and quantity of the heat supply and 

the demand. As customers, LEB areas are highly 

energy efficient; they have low annual thermal energy 

demands for space heating (SH); and therefore, lower 

line heat densities than the existing building stock [2]. 

As a consequence, from the supply and distribution 

perspectives, relative heat losses are higher; 

investment costs increase relative to total heat 

consumption or sales; and thus, the DH technology 

loses competitiveness becoming uneconomical. The 

distribution losses in areas with low heat densities can 

account up to 40%. Especially during summertime 

when low heat demands reduce the network flow rates 

to a minimum, losses due to flow stagnation may 

exceed the actual heat consumption [4]. 

At present, the development of the 4
th
 generation DH 

systems operating at lower temperatures is considered 

as a sufficiently flexible solution able to provide the link 

among the building stock with low energy demands, 

suppliers of heat with primary energy content at lower 

temperature levels, and the DH distribution network in 

an efficient and environmental friendly way [5].  

It is expected that the DH sector will experience a 

transition period during which both the already existing 

networks and the ‘new’ low-temperature (LT) networks 

will be operating simultaneously, competing and 

complementing each other to satisfy the urban thermal 

energy demand. This situation will become increasingly 

prevalent over the next 20 years. In the longer term, as 
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the share of existing buildings being refurbished to 

become energy efficient increases, they will be 

supplied at the lower operating temperatures, and then 

a total penetration of the 4
th
 generation DH technology 

will be achieved [1]. In the short term, for the 

development of the LT networks near the existing DH 

infrastructure, LT networks can be, at first, connected 

to the return pipes of the existing networks. This 

concept of network cascading offers the possibility to 

expand the distribution network by efficiently 

connecting new LEB developments without mayor 

modifications to the existing network and with low initial 

investments [6]. It represents an advantage for DH 

companies, because the DH network coverage can be 

expanded, servicing more customers with lower 

operation costs. 

Traditionally, the DH networks guidelines account for 

design margins to connect future additional consumers. 

These recommendations usually result in over-

dimensioned systems mostly operating at partial loads 

even during peak periods [7]. Therefore, it could be 

possible to connect a LEB area without the need to 

increase the capacity of the existing DH system and 

without causing major disturbances.  

LTDH systems can be established in new and existing 

DH areas by sectioning/dividing the network into 

subnets. Subnets operating at lower temperatures and 

using as primary energy supply the energy from the 

conventional DH return pipes have been designed and 

successfully tested in Denmark [8],[9]. There, LTDH 

networks distribute heat to LEB areas, both to new and 

refurbished networks. In these particular experiences, 

the coupling of the LTDH network to the existing 

distribution network has been made via a direct 

connection. Nevertheless, depending on local 

conditions and design requirements, a heat exchanger 

can also be installed. 

The aim of this paper is to propose a complementary 

approach on how to effectively service low-energy 

building (LEB) areas using the existing DH networks. 

This solution consists of a ‘low temperature’ DH 

substation supplying a secondary low-temperature (LT) 

network suitable for LEB. This LT substation uses the 

return water from the main DH network as the main 

substitute for the primary energy source, together with 

a minor portion of the main DH supply only to be used 

when the return water temperature is not sufficiently 

high, or to boost the temperature at the LTDH supply, 

for instance, during peak load periods. This can be 

achieved without additional thermal energy sources.  

This proposed solution has the potential to increase the 

overall system efficiency by allowing a more efficient 

extraction of a larger portion of the thermal energy 

already carried by the main DH system. 

STATE OF THE ART 

Low-Temperature District Heating (LTDH) 

The low-temperature district heating concept is a 

promising solution for supplying thermal energy 

services to LEB areas. LTDH systems are a strategic 

technology for reaching the energy and climate targets 

and have the potential to be widely implemented due to 

their cost effectiveness, environmentally friendliness 

and reliability. Low-energy or low-temperature DH is 

part of 4
th
 Generation DH technologies characterized 

by lower and more flexible temperatures in the 

distribution networks. By complying with two main 

requirements for future energy use: high energy 

efficiency and high share of renewable energy, LTDH 

becomes highly attractive for the energy commodities 

sector [2].  

On the matter of energy efficiency, LTDH can help 

reduce network distribution losses by lowering the 

network operating temperatures and making the 

connection of low heat density areas economically 

feasible. Also, lower temperatures induce less pipeline 

thermal stresses. Therefore, the risk of pipe leakage 

due to thermal stress and related maintenance costs 

are reduced. Furthermore, this reduction also extends 

the lifetime of the distribution network components [8].  

Concerning a higher share of renewables of low grade 

and intermittent nature, these sources can be used 

directly in LTDH due to a better match of the operating 

temperatures, besides, when combined with thermal 

energy storages (TES) a more stable supply can be 

obtained. The same applies for surplus heat from 

industry or urban processes usually rejected to the 

atmosphere due to its lower temperature. Another 

advantage of lower return temperatures is that they 

allow the extraction of a larger portion of thermal 

energy via condensation heat recovery at the heat 

production unit. For instance, in the case of biomass 

boilers it can be beneficial due to the high water 

content of the fuel. In this aspect, the overall advantage 

of LTDH lies on the possibility to efficiently exploit the 

locally available low-temperature or low-grade thermal 

energy resources [3]. 

Previous studies on LTDH have shown the importance 

of the effects of lowering the operating temperatures. 

One study [4] confirmed that lower heat losses lead to 

lower temperature drops along the network, and 

accordingly a lower flow rate at a specific heating 

power, thus a lower demand for pumping energy. This 

study also established that ‘the effect of the 

temperature on the heat loss is more significant than 

the effect of the media pipe diameter.’ Finally, this 

study concludes that even though the energy used for 

pumping purposes may increase about 3 times, its 

share in primary energy demand only reaches about 

2% of the total. 
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The key limitation on the efficiency of a DH system is 

linked to the minimum possible supply temperature, 

usually driven by the minimum desired DHW 

temperature rather than the space heating (SH) 

requirements. Nevertheless, the LTDH supply 

temperature can be further lowered by separating SH 

from DHW preparation and adding a temperature 

booster system in order to heat up DHW to the desired 

temperature level while also avoiding bacterial growth 

issues [5].  

It is possible that with the existing DH substation 

technology by lowering the operating temperatures the 

investments costs of the end-users side can increase. 

The lower operating temperature makes the current 

heat exchangers less efficient [1]. Nevertheless, by 

using new customer substation designs and with the 

development of highly efficient heat exchangers, the 

costs for the customer can be reduced. On the 

distribution network side, this can be easily avoided by 

keeping a similar temperature difference between the 

design supply and return temperatures. Additionally, 

financial benefits/savings can be achieved on the DH 

production unit by reducing supply temperatures, which 

lead to lower production costs and a larger share of 

low-cost thermal energy sources. 

Full Scale Applications of LTDH 

In the Danish governmentally founded project “EUDP 

2010-II: Full-Scale Demonstration of Low-Temperature 

District Heating in Existing Buildings” the low 

temperature DH concept has been investigated, 

designed and tested.  The latest deliverable consisted 

of a set of guidelines for Low-Temperature District 

Heating in [8] that includes recommendations, lessons 

learned and expertise obtained from the ongoing 

experiences. 

The set of demonstration projects in Denmark have 

showed the way for LTDH technology application in the 

case of renovated buildings and network refurbishment. 

Detailed discussions about technical and practical 

aspects are given regarding: a) pipe dimensions, 

insulation thickness, and maximum pressure levels, 

that lead to reduced capital costs; b) adequate 

customer units/substations for domestic hot water 

preparation and space heating; c) effects on electric 

consumption for pumping and pressure losses; and d) 

the thermostatic bypass, required to ensure a sufficient 

temperature level, but that increases the return 

temperature during summertime.  

These projects also showed that human behaviour is a 

crucial factor for the pattern of overall consumption in 

LEB areas and should be included in every analysis. 

There are a few LTDH systems already in operation 

and have moved beyond the demonstration phase, 

three of them are briefly described in Table 1.  

Table 1. Examples of successful low-temperature district 

heating systems already in operation 

Location 
[Reference] 

Lystrup, 
Denmark 

[5] 

Kırşehir, 
Turkey 

[10] 

Okotoks, 
Canada 

[11] 

Operating Year 2011 1994 2007 

Supply/Return 
Temperatures 
(Average) 

55/30 °C 
57/48 to 
54/42 °C 

55/32 °C 

Heat Sources 

Mix from 
main DH 
return and 
supply flow 

Geo-
thermal 
heat  

Solar thermal  

Dwellings 
40 low-
energy 
houses 

1800 
existing 
buildings 

52 energy 
efficient 
houses 

Heat Demand 
Covered 

SH and 
DHW 
(150 kW) 

SH and 
DHW 
(5,6 MW) 

90% of SH 
(since 2012) 

Additional 
Characteristics 

Direct 
connection 
to existing 
DH system 
using a 
mixing shunt 

Auxiliary 
peak 
boiler  

Separate 
solar DHW 
systems,  
Short-term 
and seasonal 
storage  

These previous studies and demonstration project have 

proved the feasibility of the concept. They have 

confirmed that the LTDH networks have the expected 

low heat losses. They have also shown that, even 

though more pumping power is required, it is less than 

expected, and it only accounts for a minimal share in 

the total primary energy demand. Besides, its 

magnitude is comparable to the well-established 

conventional DH systems. 

Network Cascading and Subnets for LTDH 

The concept of network cascading consists in creating 

subnets operating at lower temperatures connected to 

the return line of an existing network and further 

decreasing the return temperature [6]. In this way, the 

quality of the thermal energy demanded by low-energy 

customers is appropriately matched leading to an 

increase in energy use efficiency. The coupling of 

LTDH network to a larger DH network can be done by 

means of a direct connection or an indirect connection 

(substation). 

In case of the direct connection of a LTDH subnet, two 

arrangements have already been tested successfully in 

Denmark as shown in [8]: 1) mixing shunt, and 2) 3-

pipe connection shunt. However, only a limited analysis 

on the performance of these arrangements has been 

conducted. On the other hand, the use of an indirect 

connection (a heat exchanger substation) has neither 

been analysed nor tested. The indirect connection 

could better match the low energy customers’ 

demands, giving the benefits of flexibility and control 

over those of a direct connection. 
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Figure 1a. Conventional DH substation 

The 3-pipe connection shunt arrangement has been 

successfully operating since 2012 [8],[9]. It comprises 

75 existing single-family houses in Høje Taastrup near 

Copenhagen, DK. The existing DH system was 

renovated; including new piping, and new customer 

substations, but the existing floor heating system in the 

houses was still used. The maximum (instantaneous) 

heat load is about 500 kW during winter and 90-200 

kW during the summer period. Average supply/return 

temperatures for the network are 55/40 °C, the return 

temperature being higher than the design due to faulty 

settings or defective components at the customers. The 

distribution network heat loss has been reduced to 13-

14% of the total heat supply from an original 41%. 

Design Challenges in LTDH 

LTDH is considered as one of the most promising 

concepts to tackle the issue of supplying thermal 

energy services to LEB areas in the most efficient way. 

In order to stimulate a fast expansion, this technology 

must be: a) cost-effective, by reducing distribution 

losses and total costs; b) competitive with the existing 

heat pump solutions (either centralized or 

decentralized); c) replicable, showing modularity and 

standardization; and d) flexible, being able to manage 

variations in the network’s operation to properly match 

the demand, and to integrate alternative sources that 

optimize the energy use. 

METHODOLOGY 

‘Low Temperature’ Substation Concept 

The concept of a ‘low temperature’ DH substation 

supplying a secondary low-temperature (LT) network is 

proposed as a complementary approach on how to 

effectively service low-energy building (LEB) areas 

using the existing DH networks. A high-level schematic 

of the concept is depicted in Fig. 1b. The LT substation 

takes the return water from the main DH network as the 

main substitute for the primary energy source, together 

with a minor portion of the main DH supply only to be 

used when the return water temperature is not 

sufficiently high so to boost the temperature at the 

LTDH supply, for instance during peak load periods.  

 

Figure 1b. Proposed LTDH substation 

A DH substation supplying a LT network by using the 

return temperature from the conventional DH network 

allows a better match of the quality and quantity energy 

supplied and the requirements of a LEB area. This 

substation acts as an interface that allows the 

separation of the network’s operation parameters, 

giving the benefits of flexibility and control over those of 

a direct connection. With the substation, the LTDH 

network becomes an extension of the existing DH 

network, with a single connection point where a cluster 

of customers with low energy demands are serviced. 

The water coming from the ‘low temperature’ 

substation return at the primary side outlet is cooled at 

a lower temperature than the main DH return. This flow 

could be used for other purposes such as condensation 

heat recovery, or the extraction of energy from cheaper 

low temperature thermal energy sources. This would 

improve the performance and efficiency of heat 

extraction of the DH network, leading to cost reductions 

and savings for both the supplier and end customer. 

Scope of the Analysis 

An energy performance analysis of the ‘low 

temperature’ substation proposed is presented in this 

paper. The objective is to investigate the total share of 

the energy demand that can be covered by the main 

DH return pipe flow during a typical year for two 

specific locations. Therefore, the simulations are 

performed for the usual operating range of outdoor 

ambient temperature in steady state conditions for full 

load and partial load operation. The systems 

boundaries of this study are limited to the substation 

itself, with incoming and outgoing flows, thus the issue 

of thermal losses in the LTDH network is not 

addressed. The same applies for consumer demand 

dynamics. The thermal energy demand is then 

assumed to be a linear relation for space heating (SH) 

as a function of outdoor ambient temperature, plus a 

constant demand for domestic hot water (DHW) 

preparation. Hence, the effects of consumer behaviour 

on variations in the return temperature are not 

considered at this point. In the following paragraphs a 

more detailed description of the assumptions, input 

parameters, data sources and the reasons for the 

choices used in this study are further explained. 
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DH Network Operational Strategy 

The conventional operation of the forward/supply water 

temperature usually follows an ambient temperature 

compensation strategy. This strategy is widely used 

because of its benefits: by reducing the water 

temperature when the heating demand decreases, 

lower return temperatures are also obtained, and 

consequently energy losses in the distribution network 

are reduced. The lower operating temperatures also 

reduce the effects of pressure fluctuations, and thus 

the life of the hardware can increase considerably [14]. 

These benefits clearly apply to LTDH as well.  

For this analysis, it is assumed that the DH supply 

follows the aforementioned operational strategy as 

shown in Fig. 2a. In addition, an average return 

temperature curve is used for simplicity, since the 

overall fluctuations in this parameter are a combination 

of the behaviour of all consumers, the outdoor ambient 

temperature, and the actual condition of all substations, 

and the network itself [12].  Only the ideal return 

temperature is used for the design (sizing) of the 

substation heat exchangers and as a for a conservative 

simulation approach to be compared in the analysis. 

Nominal load (100%) occurs at -20°C of outdoor 

ambient temperature when the forward temperature is 

supplied at the maximum of 110°C and it decreases 

linearly to a minimum of 65°C [13], when the outdoor 

ambient temperature is +5°C (break point). 

 

Figure 2a. Traditional DH network control operation 

based on outdoor temperature compensation 

 

Figure 2b. Network control operation strategy for the 

low temperature substation 

 

The low temperature substation operational strategy is 

defined following the same principles. In the case of the 

forward flow, a similar average return temperature 

‘hypothetical’ curve is used, as shown in Fig. 2b. The 

minimum supply temperature of 55°C is defined as the 

lowest forward temperature to supply the required 50-

45°C DHW at the tapping points of the end users, plus 

10°C to compensate for losses. It is expected that the 

substation will be able to boost the temperature levels 

up if required, for instance during extremely low 

ambient temperatures or peak load periods. 

Thus, a maximum supply temperature of 65°C is fed 

when the outdoor ambient temperature is -20°C (100% 

of design load), although higher temperature levels 

could be occasionally reached. 

 

Figure 3. Heat load and annual temperature 

distribution at outdoor ambient temperature 

Heat Demand Profile 

The load at the substation coming from the secondary 

LT network is assumed as inversely proportional to the 

outdoor ambient temperature. As can be seen in Fig. 3 

an average linear heating load is chosen for the 

simplicity of the analysis at this stage [12]. This figure 

also shows the corresponding duration hours for two 

selected locations. It is assumed that for temperatures 

from 16°C and above, the heat demand is only due to 

DHW preparation that is about 10% of the maximum 

load. Space heating is required anytime the 

temperature is below 15°C, and the full load (100%) 

occurs at -20°C.  

The selected locations correspond to two European 

cities with different heating demands. The temperature 

distribution data are obtained from a uniform 

meteorological data basis, Meteonorm [15], which 

exemplifies a hypothetical year that statistically 

represents a typical year at each location. 

System Modelling 

With the purpose of analysing the energy performance 

of the substation, two possible configurations of the 

substation are modelled chosen with the aim to 

compare their performance; plus a third configuration 

that solely uses the DH supply is defined as baseline. 

The system description and the configuration of each 

substation type are the following: 
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Substation Type A – Figure 4a depicts the first 

configuration analysed. It shows how first the flows 

from the DH supply and return pipes are mixed in a 3-

pipe shunt arrangement, where a 3-way valve is used 

to regulate the ratio between these two flows to 

obtain the required temperature. Next, the mixed 

stream passes through a heat exchanger, properly 

designed for lower operating temperatures, whose 

energy is then transferred to the return flow in the 

secondary network rising the temperature to the 

desired level. The mixed stream from the primary side 

finally exits the substation at a temperature close to 

the secondary LT return temperature level.  

Substation Type B – In this configuration, as shown in 

Fig. 4b, the substation consists of two heat 

exchangers: a booster and a preheater. A small 

portion of flow from the DH supply firstly goes through 

the booster where it rejects part of its thermal energy 

content to the preheated return flow from the 

secondary network to reach the desired supply 

temperature. Then the flow from the outlet of the 

booster in the primary side is mixed with the flow form 

the main DH return via a 3-way valve that regulates 

the ratio between these two flows. Next the mixed 

stream passes through the preheater where its 

energy is transferred to the return flow from the 

secondary network, and heating it to an intermediate 

temperature. Similarly to the previous substation type, 

the mixed stream from the primary side finally exits 

the substation at a temperature close to the 

secondary LT return temperature level. 

Baseline Substation – In this configuration, the flow 

only from the DH supply goes through a heat 

exchanger to transfer the heat to the secondary 

network as in a typical substation. It is assumed a 

larger than usual temperature difference between the 

supply and the return from this substation since the 

flow exits the substation at a temperature close to 

temperature level of the secondary LT return. In this 

way the flow is kept relatively small. The diagram for 

the baseline configuration is not detailed but a similar 

high-level depiction was shown in Figure 1a. 

The sizing of the substations is done at the nominal 

load operating point at -20°C of outdoor ambient 

temperature. The input parameters are taken from the 

operational strategies shown in Figs. 2a and 2b, and 

the lower (ideal) return temperature set is used.  

Table 2. Parameters for substation design (nominal load) 

Nominal Load 100% (at -20°C) 1 MW 

Primary Side 
DH Supply (  ) 110°C 

DH Return (  ) 60°C 

Secondary Side 
LT supply (  

  ) 65°C 

LT return (  
  ) 25°C 

Maximum ΔT      
    

   3°C 

Table 2 shows the sizing parameters at nominal load. 

The system sizing and thermodynamic models are 

done using Thermoptim [16] software. Operating 

pressures are assumed 16 bar for the main DH 

network and 6 bar for the secondary LT network [13]. 

For the simulation, any operating temperature that is 

not at the design condition is a partial load operating 

point. 

Simulation 

Once the heat exchangers are sized at the design 

condition, the UA values, NTU and effectiveness are 

fixed. The simulations at different outdoor ambient 

temperatures and partial load conditions are then 

performed. For each outdoor ambient temperature, the 

inputs are the corresponding load and temperatures 

from the curves in Figs. 2a, 2b and 3. The outputs are 

the flow rate at the LT substation, the steady state flow 

rates required from the main DH supply and return, and 

the substation primary outlet return temperature. With 

the flow rates and temperatures (enthalpies) it is then 

possible to calculate the energy coming from each the 

DH supply and DH return flows as a function of outdoor 

ambient temperature. 

 

Figure 4a. Substation Type A schematic 

 

Figure 4b. Substation Type B schematic 
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Figure 5a. Flow rates and power supplied for 

substation Type A  

Two operating modes of the substation are simulated 

with respect to the flow rates in the primary side. The 

first one uses an equal flow rate ratio from the primary 

and secondary sides of the substation. In this case, the 

objective is to find the ratio of main DH supply and 

return flows that, when added, the total flow rate is 

equal in magnitude to the secondary side flow rate, 

while the desired forward temperature at the LT 

network is reached,               . In the second 

mode, there is no restriction in the flow rate ratio but 

instead, the objective is to use the minimum amount of 

flow from the DH supply at each outdoor temperature 

to obtain the desired supply temperature in the LT 

network,         . 

Finally, the annual energy performance is evaluated 

depending on the selected locations. The inputs used 

are the annual temperature distributions, and the load 

as a function of outdoor ambient temperature (Fig. 3). 

The cumulative load curves are plotted for each 

location, and using the resulting curves from the 

thermodynamic simulation (Figs. 5 a and 5b) the load 

duration curves are calculated in terms of main supply 

and return flows, which conclude this analysis. 

RESULTS 

This section presents a summary of the outcomes from 

the thermodynamic simulation. In the first part, the 

described results are the proportion of power and flows 

from the DH supply/return as a function of the outdoor 

ambient temperature for both substation types, and the 

two operating modes: fixed flow rate ratio, and variable 

flow rate ratio. The next part presents the results 

regarding return temperatures for the two substation 

types and operating modes as a function of outdoor 

ambient temperature as well. In the last part of this 

section, the performance of  

 

Figure 5b. Flow rates and power supplied for 

substation Type B  

the two types of substation is tested by using two 

selected locations with different yearly outdoor ambient 

temperature distributions and different heat demands. 

Figures 5a and 5b show the two first parameters of 

interest: power and flow rates from DH supply/return 

required to meet the load as well as the target supply 

temperature in the LT side as a function of the outdoor 

ambient temperature. The figures show the curves for 

each substation type A and B correspondingly, for the 

case of variable flow operating mode. An additional 

curve is also shown in to these plots to compare with 

the performance using a fixed flow rate ratio operation 

mode. 

 

Figure 6. Comparison of return temperatures 

depending on outdoor temperatures 

Figure 7. Minimum flow rate ratios required as a 

function of outdoor temperatures 
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A key parameter to study is the outlet temperature    
   

at the primary side of the substation. This flow could be 

potentially used for heat recovery in low temperature 

sources applications, and having lower return 

temperatures increase the efficiency of heat production 

units. Figure 6 shows the variations of the return 

temperature as a function of outdoor ambient 

temperature are shown in. In this figure, the assumed 

return temperature from the secondary network is 

plotted to serve as a reference. Then, the resulting 

return temperatures using a fixed flow rate ratio, and 

using a variable flow rate for each substation are 

compared. Figure 7, shows the flow rate ratios 

              , that minimise the use of the DH 

supply and that lead to the outlet temperature curves 

shown in the previous figure.  

As seen from Figs. 6 and 7, for outdoor ambient 

temperatures above 10°C, the outlet temperature at the 

primary side is very close to the return temperature of 

the secondary network. This is explained by all the 

cases having a flow rate ratio close to 1. At lower 

temperatures, the tendency is to an increase of the 

return temperature, and the effect of higher flow rate 

ratios is evident in the higher outlet temperatures in the 

primary side of the substation. 

Annual Energy Figures 

The total annual energy delivered to the two selected 

locations was calculated assuming that 100% load 

equals 1MWth, which could be, for instance, the case 

for a set of low-energy multi-dwelling buildings. Using 

the hourly temperature distributions and the heat load 

function from Fig. 3, the estimated annual heat supply 

for each location are: for a substation supplying a load 

in Stockholm: 3,20 GWh (11,5 TJ); and for one in Paris: 

2,08 GWh   (7,5 TJ).  

 

Figure 8a. Annual energy totals and load duration 

curve for substation type B in location 1 

Table 3a. Annual energy totals for location 1 

Location  Substation Type 

Stockholm 
(Capacity factor 0.36) 

Design A Design B 

Return 
Temperatures 

Flow 
Ratio 

DH 
return 

(DH 
supply) 

DH 
return 

(DH 
supply) 

Realistic  
(High) 

Fixed (1:1) 45,3% (54,7%) 46,3% (53,7%) 

Variable 50,3% (49,7%) 55,3% (44,7%) 

Conservative 
(Low) 

Fixed (1:1) 25,6% (74,4%) 26,6% (73,4%) 

Variable 26,1% (73,9%) 28,3% (71,7%) 

Table 3b. Annual energy totals for location 2 

Location  Substation Type 

Paris 
(Capacity factor 0.24) 

Design A Design B 

Return 
Temperatures 

Flow 
Ratio 

DH 
return 

(DH 
supply) 

DH 
return 

(DH 
supply) 

Realistic  
(High) 

Fixed (1:1) 36,3% (63,7%) 37,0% (63,0%) 

Variable 39,9% (60,1%) 43,2% (56,8%) 

Conservative 
(Low) 

Fixed (1:1) 17,3% (82,7%) 18,2% (81,8%) 

Variable 17,4% (82,6%) 18,3% (81,7%) 

A summary of the annual energy totals is shown in 

Tables 3a, 3b. Each table compares the substation’s 

performance according to: location, realistic and 

conservative approaches (depending on the assumed 

return temperature curves), and operation regarding 

fixed and variable flow rate ratios. 

Figures 8a and 8b show the annual energy totals and 

load duration curves (LDC) for the two locations using 

the substation Type B, assuming the low return 

temperatures (conservative approach). Overall, the 

results show that from ⅓ to ½ of the total annual heat 

consumption in the proposed LT network can be  

 

Figure 8b. Annual energy totals and load duration 

curve for substation type B in location 2 
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covered taking the heat from the main DH return flow. 

In a more conservative approach, although unlikely, 

with lower return temperatures, only 20-30% of the 

heat load can be supplied in this manner. 

DISCUSSION 

The results from the thermodynamic analysis show that 

with the LT substation it is possible to supply a 

significant portion (20-50%) of the total annual heat 

demand of a LTDH network using the return flow from 

the main DH network. Both substation configurations 

proposed deliver similar results. Except that type B 

gives more flexibility on operation for the variation of 

flows at lower ambient temperatures. 

An observation drawn from Figs. 5a and 5b is the 

difference between power and flow rate proportion as a 

function of outdoor ambient temperature when 

comparing the operation modes of fixed flow rate ratio 

and variable flow rate. While the flow rates from the DH 

supply are very similar, only slightly lower for the case 

of variable flow rate operation, for the same operating 

point the difference in power extracted from the supply 

is larger. This result is related to the return 

temperatures (Figs. 6 and 7) where it is shown that at 

lower temperatures, when it is possible to increase 

freely the flow rate in the primary side, the substation 

primary side outlet temperature also increases. These 

results show how the higher flow rates in the primary 

side allow the extraction of minimum energy from the 

DH supply, but rising the substation primary side outlet 

temperature, as well as the flows and the required 

hydraulic power (pumping power). 

Regarding the fixed flow rate ratio operation mode, the 

results indicate that the performance of the substation 

is almost equal, just slightly better for substation type B 

(Figs. 5a, 5b and Tables 3a, 3b). The advantage of the 

operation near an equal flow rate ratio (1:1) is that the 

outlet temperature at the primary side follows closely 

the return temperature at the secondary side (Fig. 6), 

and thus the least hydraulic power is demanded. 

One of the parameters whose variations showed to 

have a greater effect in the results is the return 

temperature from the main DH network. Since this is 

one of the parameters with the most complex dynamics 

(because it involves the dynamics of the aggregation of 

customers and the network itself), it is necessary to 

further perform a detailed analysis of the impact of 

variations of this parameter on the substation’s 

performance. From the results it is also clear that more 

energy can be extracted from the DH return flow in a 

network with higher return temperatures, which is tied 

to the location with lower outdoor ambient 

temperatures and thus higher heat demands. 

When comparing the annual energy totals of the 

substation types A and B (Tables 3a, 3b) for the fixed 

flow rate ratio operating mode, there is no significant 

difference in the amount of heat covered by the return 

flow (~1%). For the variable flow rate operating mode, 

this difference may increase (to ~5%) when the return 

temperatures from the primary DH network are high. It 

can be said then, that Substation Type B is preferred to 

be used networks with higher return temperatures. 

OUTLOOK 

The next generation of DH networks will require 

flexibility to ensure a smooth integration to the existing 

infrastructure [17],[18]. In order to reach an acceptable 

level of flexibility, it will be necessary to integrate smart 

networks and controls [6],[19], coupled to responsive 

thermal energy storages, so that the system can 

efficiently cope with the demand matching to the total 

heat supply. 

With the purpose of fully exploiting the substation’s 

capabilities regarding its operational flexibility, a study 

of the relations among the operating parameters is 

required. This study will be conducted to identify the 

control schemes, modes and strategies that are able to 

optimize its operation with the aim to minimize the 

system’s costs. 

It will be of special interest to analyse extending the 

‘low temperature’ substation concept to that of a 

supporting interface for the coupling of low-temperature 

thermal energy resources. Its function can be 

analogous to power electronics converters in electric 

grid-supported systems that connect intermittent 

renewable energy sources and electricity storage to the 

local loads and the grid. 

 

Figure 9. Low temperature substation coupled with low 

grade heat source/storage 

The LT substation is a potential key link between low-

temperature systems, renewable thermal energy 

sources, industrial surplus heat, thermal energy 

storage, and the heat demands of LEB areas. With this 

concept all agents can be effectively coupled despite 

differences in energy quality and quantity, enhancing 

the network compatibility of supply and demand quality. 

Therefore, it becomes increasingly relevant to conduct 

studies of the interaction and integration of LT 

substations with thermal storage capacity, multiple 

types of surplus heat, and/or renewable thermal energy 

sources within the district energy systems.   
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CONCLUSIONS 

The findings discussed in this study show the feasibility 

of the LTDH substation concept to supply a LT 

secondary network with low energy demands. The 

results regarding the performance of the substation 

were obtained under the assumption that space 

heating demand is a linear function of ambient 

temperature. This assumption was made to simplify the 

analysis at this stage; still, a more precise evaluation of 

the overall performance will include a more complex 

demand pattern that more accurately reflects the 

consumers’ dynamics. In a more thorough study, hourly 

demand fluctuations showing daily variations such as 

peak load periods and weekly and seasonal 

tendencies, will result in a more robust outcome. 

Moreover, the simulations performed assumed that the 

temperature inputs and heat load are a function of the 

outdoor ambient temperature. Consequently, the flow 

rates ratios presented are also a function of this 

temperature. In reality, flow rates ratios are a function 

of the inlet supply and return temperatures, and the 

instantaneous load in the secondary network, which 

depend on several other factors. Hence, using hourly 

measurements of these inputs can improve the 

consistency of the results. 

It was discussed that, as consequence of narrower 

temperature differences between the inlet and outlet 

points at the substation primary side, less heat is 

extracted from the flow, even though the total flow rate 

may be larger. The lowest reachable temperature at 

the primary outlet is limited by the heat exchanger 

dynamics and is equivalent to the return temperature 

form the secondary network. Nonetheless, to lower the 

primary side outlet temperature below this threshold, 

adding a heat pump at the primary side is an option. 

Yet, the need for an additional energy source to 

operate the heat pump. However, a lower return 

temperature (e.g. <15°C), could possibly be beneficial 

and cost-effective. 

One drawback of the substation concept, when 

compared with a direct connection, is the need for the 

substation itself. This implies the operational and 

investment costs of a heat exchanger, as well as a 

more sophisticated control system. Nevertheless, by 

optimizing the substation’s operation, including 

variables such as heat costs, hydraulic power demand 

and return temperature –unlike using a direct 

connection– the benefits and savings could justify the 

investment. A further study on the optimization of the 

costs and operation will be needed to support this 

concept, by performing a more detailed techno-

economic assessment comparing the different 

alternatives. 

An clear recommendation given from the results is that 

it is necessary to design (size) the substation for the 

specific location, in order to have an appropriate and 

efficient system performance. If the system is going to 

operate mostly with a fixed flow rate ratio, substation 

Type A is the preferred choice, since it is less complex. 

On the other hand, if the DH network return 

temperatures are high, and a variable flow rate ratio 

operation is used, then substation type B might be 

more appropriate.  

This study reveals that the ‘low temperature’ substation 

concept can be an effective link to deliver thermal 

energy services to LEB areas, and has the potential to 

incorporate low-grade heat resources to the existing 

thermal energy networks, contributing to achieve a low-

carbon, energy efficient and renewable energy supply. 
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