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Abstract. Modeling was performed on the base of the DH system located in Omsk, Russia, where the DH 
network temperature requirements are not met and design outdoor temperature of extreme -37°C is. 
Surveyed investment in a transmission line to avoid penalties on disturbances is projected to have an 
original supply temperature of 150°C and is denoted as Case-1. The second idea (Case-2) envisages 
installing a heat pump and increasing the supply temperature in peak load periods during the heating season. 
The third option is to use of in-room terminal systems to provide heating to individual zones. Case-4 
assumes maintaining an ordinary DH network without using any energy-efficient alternative and significant 
repair which means that the system continuous working ‘as is’. The fifth option introduces low temperature 
district heating (LTDH) concept featuring a low supply temperature and smart control. To sum up, this 
research indicates location of a heat pump and also shows how the piping system will be offset to allow the 
normal operation. This study presents a framework to represent, aggregate, dynamic thermal model and 
modernize a DH system based on a high-level equation-based simulation software and a five-option 
feasibility study. 

1 Introduction  
Kuprys & Gatautis [1] reported Government support for 
multi-storey residential buildings’ renovation project in 
Lithuania. Each energy demand can be met either from 
the same type of energy carrier or from another type of 
energy carrier using the energy conversion applications 
[2]. Retrofitting to electricity is an efficient auxiliary 
heating solution in Scandinavian countries [3]. Such a 
renovated system may operate at lower supply 
temperature levels as more low-energy buildings are 
constructed. There is even a concept of low-temperature 
district heating (LTDH), or 4th generation district 
heating which involve a lot of scholars. In Ref. [4] for a 
LTDH, design supply temperature is from 65 to 75°C, 
and the return temperature is fixed at 35°C. Besides, 
leaks [5] may lead to consumer’s dissatisfaction and 
possible disconnections from the network in order to 
switch to, for instance, a heat pump which would seem 
more cost efficient for the consumer at that point [6]. 
Sayegh et al. [7] showed the three main considerations 
when determining emissions from heat pump based DH 
systems: the driving energy, heat pump technologies and 
the heat sink characteristics. But for the other electricity 
types, higher seasonal coefficient of performance is often 
better from the point of an environmental impact [8]. 
The specific investment costs for the heat pumps include 
also installation costs and may vary from building to 

building due to economies of scale [9]. These prices are 
obtained from a heat pump manufacturer, and typically 
do not include realistic prices of water treatment 
representing almost half of operational costs [10]. In Ref. 
[11], authors proposed a quantitative metric to evaluate 
the potential for buildings to share waste heat including 
this generated by a heat pump. Plenty of authors [12–14] 
applied optimization methods to find the best solution in 
field of DH. In Ref. [15], the objective of the dynamic 
optimization was to minimize the supply temperature at 
a plant. In Russia [16] and China [17], sensors of a 
SCADA system are typically located at inlets and outlets 
of a central plant and a group substation measuring 
network temperature and pressure only. However, to 
obtain satisfactory detecting results with acceptable 
accuracy, leak location techniques need adequate 
monitoring data [18]. To fulfill this need Bjornebo et al. 
[19] developed a software for pulling together data from 
diverse sources. The relationship between the outdoor 
temperature and DH network temperature is also evident 
from Ref. [20] that presents a clear difference in actual 
and design temperature curves. In Ref. [21], the state-
space model, an efficiently quantitative method, is 
applied to estimate the state probabilities of a repairable 
heat distribution network under different outdoor 
temperature. The load requirements may be even not met 
by the heating capacity of a DH system when the outside 
temperature extremely decreases [22]. The three options 
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presented by Hou et al. [23] are different not only in the 
configuration mode of centralized system but also in the 
terminals on demand side. Ref. [24] covers both the 
results obtained by the design optimization of a DH 
system as well as the assessment of the impact of 
demand side measures. As we consider a heat pump 
typically fed by electricity with variable price a thermal 
energy storage unit is supposed to be connected in 
parallel, in order to cover rare heat peaks [25].  

2 Materials&Methods  

Surveyed investment in a transmission line to avoid 
penalties on disturbances is projected to have an original 
supply temperature of 150°C and is denoted as Case-1. 
The second idea (Case-2) envisages the possibility of 
increasing the supply temperature in peak load periods 
during the heating season to limit a size of a heat pump. 
Another option is to use a heat pump for domestic hot 
water (DHW) supply, refer to Fig. 1.  

Fig. 1. Configuration of a DH system. (1) central plant, (2) 
supply line, (3) return line, (4) substation borders, (5) SH 

system, (6) DHW supply, (7) borders of a ground-source heat 
pump, (8) condenser, (9) evaporator (the second one, intended 
for back-up purposes and for a heat pump start-up), (10) cold 

water supply, (11) heat exchanger. 

To demonstrate the benefit from the reconstruction in 
a DH network, 3 more configurations of energy supply 
method for an urban district are carried out. In Case-3, 
we assume in-room terminal systems are installed in 
some specified buildings. Case-4 assumes maintaining 
an ordinary DH network without using any energy-
efficient alternative and significant repair which means 
that the system continuous working ‘as is’. The scheme 
of energy supply method in line with LTDH concept is 
described in Case-5. 

3 Case study 
All modeling was performed on the base of the DH 
system located in Omsk, Russia, where the DH network 
temperature requirements are not met and design outdoor 
temperature of extreme -37°C is. Fig. 2 presents the 
variation of the water temperature at the plant sensors. 

Fig. 2. Actual state – measurement data. Dash line represents 
outside temperature. 

The top plot shows the district water temperature at 
the outlets of the central plant (supply temperature). The 
bottom plot shows the same at the inlets (return 
temperature). 

4 Results 

4.1 Pipe refurbishment (Case-1) 

Retrofitting of the distribution system makes possible to 
run system at high temperature as was initially designed. 
As known [26], when less heating is supplied or the 
value of return temperature is increased, the system 
economy degrades. Considering the impact of demand 
side measures within the distribution system’s 
refurbishment, the result can be observed in Ref. [6]. 
Hence, consumers with solar thermal collectors could be 
considered as prosumers [8], which means feeding the 
excess heat into the network. 

4.2 Installing a heat pump (Case-2) 

Higher seasonal coefficient of performance is often 
better from the point of an environmental impact [8]. In 
a heat pump, the electricity is typically used up to 90 
percent. The plots in Fig. 3 indicate a discontinuity in 
heat demand distribution when approximately half the 
total load is reached. 

Fig. 3. While the temperature level during outdoor temperature 
-5°C or below system’s behavior is not changing (see Fig. 2), 
otherwise DH should stop which is indicated as a drop below 

the chart’s lower bound. 
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However, heat pumps could affect the network 
operational parameters, which is an emerging topic 
within the bibliography [7,9]. In Ref. [4] the design 
supply temperature is from 65 to 75°C, at this condition, 
the seasonal coefficient of performance is in the range of 
0.58-0.62 with the load ratio from 50 to 95%. We treat 
this as the guideline values for further study. 

4.3 Retrofitting to in-room terminal systems 
(Case-3) 

Another option is to use of in-room terminal systems to 
provide heating to individual zones. As well as in Ref. 
[19] the DH system is sized for indoor temperature of 
18.3°C. 

4.4 Maintaining the system in a current mode 
(Case-4) 

In the past, improper construction or insufficient 
operation&maintenace, were often used for overall 
operating economy. Systems are currently expected to 
operate with limited supply temperature of 110-115°C 
(refer to Fig. 2), which is acceptable except peak load 
conditions. For general use, in places where the public 
may touch the pipes, the current operating situation is as 
shown in Fig. 4. 

 Fig. 4. Length with poor insulation. 

 
Ayele et al. [2] presented a method to obtain end 

point temperatures of water in each pipe. The method is 
based on values of supply and return temperatures at 
each hub, together with the values of pipe flow rates. 
Results presented by Hou et al. [23] are related to the 
specific case study as well. For instance, they conclude 
that an option with Li-Br absorption refrigeration units 
performs better in terms of CO2 emission reduction 
although an option with air-handling units is the best 
from the energy conservation’s point of view. 

4.5 LTDH implementation (Case-5) 

The LTDH concept represents a paradigm shift in DH 
development and features a low supply temperature and 
smart control. Firstly, this is obviously costly especially 

because pipe replacement for larger dimensions requires 
much more investments. Secondly, different energy 
storage units should also be integrated in such a network 
as they are required for system function during hours of 
peak demand. Thirdly, to stabilize the heat demand 
during cold winter days, buildings are advocated to 
improve the secondary load structure [24]. Finally, it still 
cannot be determined whether LTDH can satisfy the 
urban demand increase caused by the construction of 
high-rise buildings and industrial development [28]. 

This research indicates location of a heat pump and 
also shows how the piping system will be offset to allow 
the normal operation [29]. 

5 Conclusions 
The tool can be used as a base for development by 
putting ideas on the network elements and researching a 
case that could minimize distribution losses, production 
costs and primary energy [30]. The main limitation of 
the results of study is the fact that the investments and 
technical challenges of the energy renovations in the 
buildings were not taken into consideration [31]. 
Generally, this may be one of the key barriers for the 
feasibility of DH systems – and even more for LTDH – 
because of the need to involve the holders and the 
significance of the costs that are required [32]. 
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