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Abstract: District heating networks are considered to be a key element for the decarbonization of
Europe. The RELaTED project seeks to contribute to the decarbonization of these infrastructures
with the demonstration of low temperature district heating networks. One of the demonstration
sites consists of more than 50 substations within a subsection of a larger network in the city of Tartu
(Estonia), where the temperature was lowered by 10 ◦C. To ensure the benefits of this new generation
district heating network and the fulfillment of comfort requirements, data have been monitored and
analyzed at the substation level in an automatic way to facilitate the inspection of every user.

Keywords: district heating; low temperature; automatic inspection

1. Introduction

Limiting global warming below 2 ◦C implies critical actions to reduce Greenhouse
Gas (GHG) emissions [1]. The European Union (EU) seeks to mitigate GHG emissions by at
least 80% by 2050 relative to 1990 levels. To do so, it is mandatory to transform the energy
system from a fossil-based system to a renewable-based system. At the urban scale, where
approximately 80% of the global energy consumption takes place [2], it is essential to foster
the development of District Heating (DH) systems. Moreover, the need to evolve into smart
energy systems with a low carbon footprint is also a crucial element [3].

In recent years, the concept of Low Temperature District Heating Systems (LTDH)
has emerged [4,5]. These heating systems allow for the incorporation of low-grade heat
sources, the reduction of operational costs and losses, and improved performance levels in
heat production plants.

This paper reports on the activities conducted for the LTDH conversion of an existing
DH network in Tartu, Estonia. Operation temperature levels were reduced in a subset of
the network corresponding to the Tarkon area (marked area in Figure 1). By 2021, the demo
area’s length was 5.34 km, with a peak heat load of 4.3 MW and comprising 54 consumers,
including buildings with different uses: residential, commercial, educational, and offices.

The supply temperature curve was reduced by 10–15 ◦C after the installation of a
mixing station equipped with the mixing and booster pumps and valves required to mix
the return flow with the supply flow.
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every user. Commonly, this large set of collected data, with more than 6 different data 
types (mainly inlet, outlet temperature, and flows for both the primary and secondary 
side of the substation) from over 50 substations collected hourly, makes the inspection of 
the data a resource-intensive task [6], and normally, only the most important substations 
are carefully analyzed (bigger ones or those at the end of the line, where normally the 
problems are encountered). To ease the process, automatization was set up using Python. 

The present document presents the methodology used and the main lessons learnt 
from this process. 

 
Figure 1. Tartu DH network (Estonia), with the demo area highlighted in blue. 

2. Materials and Methods 
A dedicated monitoring system was deployed at the mixing chamber and substation 

level, as shown in Figure 2. The data are recorded hourly and are stored in a database 
owned by GREN Tartu (formerly AS Fortum Tartu), the DH operator. 

 
Figure 2. Substation configuration and meters of the Tartu DH network subset. 

For this purpose, an automatic inspection of substations based on data visualization 
was developed in Python. Threshold levels were also defined so that the substations with 
improper performance were tagged for further analysis by the engineering team. 

The system provides the following outputs 

2.1. Primary Side Temperatures (T1 and T2) 
Figure 3 shows the relationship between the supply temperature (red line of the fig-

ure) and the outside air temperature. Additionally, the return temperature (blue line of 
the figure) is also represented to determine whether there have been any issues. 

Figure 1. Tartu DH network (Estonia), with the demo area highlighted in blue.

In order to ensure both the benefits of temperature reduction (economic and environ-
mental) and the fulfillment of comfort requirements for every costumer, data have been
monitored at the substation level in an automatic way to facilitate the inspection of every
user. Commonly, this large set of collected data, with more than 6 different data types
(mainly inlet, outlet temperature, and flows for both the primary and secondary side of the
substation) from over 50 substations collected hourly, makes the inspection of the data a
resource-intensive task [6], and normally, only the most important substations are carefully
analyzed (bigger ones or those at the end of the line, where normally the problems are
encountered). To ease the process, automatization was set up using Python.

The present document presents the methodology used and the main lessons learnt
from this process.

2. Materials and Methods

A dedicated monitoring system was deployed at the mixing chamber and substation
level, as shown in Figure 2. The data are recorded hourly and are stored in a database
owned by GREN Tartu (formerly AS Fortum Tartu), the DH operator.
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Figure 2. Substation configuration and meters of the Tartu DH network subset.

For this purpose, an automatic inspection of substations based on data visualization
was developed in Python. Threshold levels were also defined so that the substations with
improper performance were tagged for further analysis by the engineering team.

The system provides the following outputs.

2.1. Primary Side Temperatures (T1 and T2)

Figure 3 shows the relationship between the supply temperature (red line of the figure)
and the outside air temperature. Additionally, the return temperature (blue line of the
figure) is also represented to determine whether there have been any issues.
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Figure 3. Primary side temperatures of properly working substations (a) and substations with issues (b,c). 

2.2. Secondary Side Temperatures (T3 and T4) 
Figure 4 shows the relationship between the DH system supply temperature and the 

outside air temperature. Additionally, the return temperature is also represented to de-
termine whether there have been any issues. 
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Figure 4. Primary side temperatures of a properly working substation (a) and substations with is-
sues (b). 

2.3. Domestic Hot Water (T5) 
Figure 5 shows the average temperature of the DHW on the customer side at the 

different hours of the day for those temperatures belonging to the horizontal part of the 
heating curve (any given outdoor temperature above 10 °C). 

  

(a) (b) 

Figure 5. DHW temperature of a properly working substation (a) and a substation with an issue (b). 

3. Lessons Learnt 
The automatic analysis of the continuously monitored data from over 50 substations 

draws the following conclusions: 
• Data monitoring is an essential tool for DH optimization, but it is time consuming to 

analyze large sets of data in a traditional way. 
• The automatization of data analysis is beneficial to improve the operation of the DH, 

allowing issues to be identified in real time. 

Figure 3. Primary side temperatures of properly working substations (a) and substations with
issues (b,c).

2.2. Secondary Side Temperatures (T3 and T4)

Figure 4 shows the relationship between the DH system supply temperature and
the outside air temperature. Additionally, the return temperature is also represented to
determine whether there have been any issues.
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Figure 4. Primary side temperatures of a properly working substation (a) and substations with
issues (b).

2.3. Domestic Hot Water (T5)

Figure 5 shows the average temperature of the DHW on the customer side at the
different hours of the day for those temperatures belonging to the horizontal part of the
heating curve (any given outdoor temperature above 10 ◦C).
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Figure 5. DHW temperature of a properly working substation (a) and a substation with an issue (b).

3. Lessons Learnt

The automatic analysis of the continuously monitored data from over 50 substations
draws the following conclusions:

• Data monitoring is an essential tool for DH optimization, but it is time consuming to
analyze large sets of data in a traditional way.
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• The automatization of data analysis is beneficial to improve the operation of the DH,
allowing issues to be identified in real time.

• Automatic data analysis can be performed at a low computational cost. One year of
hourly data from 54 substations were analyzed, along with the consequent production
of warnings generated upon sub-optimal behavior, in less than 10 min with a laptop.

• Large DH operators often lack this kind of service, instead focusing on the analysis of
the biggest consumers to optimize the service or being reactive to consumer complaints.
A proactive approach to further optimize DH operation has yet to be exploited.
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