Modeling of the Temperature Regime of the District Heating System in the Context of Energy Efficiency and Reduction of Environmental Impact
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Abstract – Approach to mathematical modeling of temperature regime of district heating systems was analyzed. Using the single-circuit individual heat point, the temperature regime of the district heating system was simulated, taking into account the control of the outside air temperature and the specific thermal characteristics of the buildings. Measures to reduce the level of thermal energy consumption and CO2 emissions and to provide comfortable indoor conditions have been identified. The results of the study show that this approach can reduce overall heat consumption and CO2 emissions by 21-23%.

Keywords – modeling, district heating system, temperature regim, energy efficiency, environmental impact.
I. Introduction
District heating systems are designed to heat homes that have different functional purposes: housing, public buildings, budgetary institutions, trade and catering, etc. Such district heating systems were put into operation in Ukraine in the last century and are characterized by low energy efficiency and significant environmental impact. According to the international classification, they belong to the second generation systems with a water supply temperature of 80 to 100C° [1, 2].

At the same time, under the current conditions of urban planning changes, they face many problems, for example, new buildings with low energy consumption, which are erected in the structure of old neighborhoods to increase energy efficiency and reduce environmental load, which require lower water supply temperatures, which results in lower heat supply losses [3]. At the same time, buildings with higher levels of heat loss in order to provide comfort require higher water supply temperatures. This also applies to the return water temperature. Such heterogeneity of heat load of buildings belonging to a district heating system leads to the need to adjust the temperature schedule [4, 5]. In modern district heating systems, individual heat stations with automatic outside temperature control systems are used for this purpose [6]. Such individual heat points are capable of providing the optimum temperature chart and the optimum mass flow rate of direct supply of coolant.

This study performs mathematical modeling of the functionality of an individual heat station under the conditions of the temperature chart of the district heating system 90° / 70°, which is characteristic of most cities of Ukraine (including the city of Ternopil) and changes in outside temperatures in the range of +10 up to –30 °.
The main objective of this study is to demonstrate the effectiveness of using a mathematical apparatus to simulate the temperature regime of a district heating system in order to study the economic, energy and environmental aspects of their work.
II. Methodology
The methodology consists of the following main steps:
1. The simulation is performed on the basis of data relating to the single circuit individual thermal point of the 50Nh240 IS.

2. Development of the scheme of replacement of individual heat point.

3. Collection of data concerning the parameters of the simulated district heating system.

4. Calculation (simulation) of different modes depending on the change of temperature of the external and specific heating characteristics of buildings.

5. Calculation of equivalent CO2 emissions for different simulated scenarios.
III. The analitical model of the mixing node

Nowadays, the control system of heat supply processes is in most cases built on the principle of compensation of the main perturbation for the temperature regime of buildings - the temperature of the outside air. The widely used algorithms are proposed by E. Ya. Sokolov [7]. However, according to V. I. Pamferov and S. V. Pamferov is in need of further refinement in order to apply it theoretically to the approaches to the quantitative and qualitative regulation of the district heating system. This problem has already been partially addressed by the above authors in their publication [8].

His research presented by us should be considered as an extension of the algorithms for regulation and development of their analysis, in particular in the context of modeling the temperature regime of district heating systems, taking into account the heterogeneous thermal load of consumers and the heat-protective properties and characteristics of specific buildings and their heating systems.

From the point of view of mathematical modeling, the mathematical description of the functional elements of the district heating system is important in this sense. It should be noted that such system components are sophisticated technical devices that include, in real conditions, typically various heating appliances with different specifications. It is clear that direct analysis and tracking of the operating modes of such systems is quite a difficult task, so it is often convenient to present such a complex system with an equivalent heating appliance, especially since, as shown in [8], its parameters are successfully determined by experimental data. An important element of the mathematical model of the district heating system is the equation of the heating system with dependent or independent connection of consumers. In the first case we are talking about the model of the heating system and the mixing unit, in the second case it is connected through individual heat points. However, the peculiarity of heating systems is that their input values are the temperature of the heat supply network and the flow rate of the network coolant, that is, they are models of heating together with their mixing units. Therefore, the ratios that characterize them can be used as models of all heating systems of any neighborhood.

It is fundamental that the equation of the mixing unit of the district heating system is derived from the considerations of equality of mass fluxes of the coolant and the thermal balance therein [8, 9].

Essential for mathematical modeling of the temperature regime of the district heating system is occupied by the model of the thermal regime of the building. It is constructed on the basis of considerations for the stationary regime of the heat supply system and is estimated by the formula N.S. Ermolaeva [9]. The control algorithm is based on the fact that the capacity of the heating system is equal to the heat loss of the building. If this equality is solved in relation to the mass flow rate of the coolant, then there is a quantitative control, if relative to the temperature of the system, there is a qualitative regulation of the heating system. If we analyze this model, it becomes clear that the control signal for quality regulation will be the temperature of the network coolant, which depends on the heat-shielding properties of a particular building, her its specific heating characteristics.

Due to the fact that the weather control on the district heating system depends on the outside temperature, it will not be possible to reach the indoor temperature with satisfactory accuracy, so the temperature control mode during the weather management must be individual for each specific building.

To model the heating system, consider the following circuit (Fig. 1). 
In Figure 1 it was marked:
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 – mass flow rate heating system of building;
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 – mass flow rate return of district heat;
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 – temperature of district heat;
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Fig. 1. The scheme of the mixing node
Based on the first Kirchhoff law and the law of conservation of energy of thermal balance, we have the equation:
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IV. Modeling of the temperature regime based on real data of KP “Ternopilmiskteplocomunenergo”
Using the data of KP “Ternopilmiskteplocomunenergo” and the formulas described by prof. E. Sokolov [7], for this contour we find:


[image: image10.wmf].

792

.

2

786

.

5

578

.

8

2

1

3

=

-

=

-

=

G

G

G


We denote 
[image: image11.wmf].

48

.

0

786

.

5

792

.

2

2

3

»

=

=

G

G

a


Then for the temperatures based on the formulas described in the work of Panferov V.I and Panferov S.V, using the temperature chart 90/70, it is possible to calculate the water temperature in the heating system [8]:
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Using this equation, you can calculate the inlet temperature by having the temperature of the heating system and vice versa:
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As well as the amount of heat given off by heating devices, you can find out using the formula for prof.
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where k – is the heat transfer coefficient of the heating devices, F – is the surface area of the heating devices, Δt – is the average temperature difference between the heating medium and the heating medium,
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 – temperature outside the building.
On the other hand, the heat loss of a building with volume V can be estimated using the formula of MS Ermolaev [9]:
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 – temperature inside the building; 
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 – specific thermal characteristics of the building; V –  building volume.
If we talk about heating a particular building and considering that the amount of heat given off by heating devices is equal to the amount of heat lost by a building with volume V, we get the following equation:
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Fig. 2. Graphs of the temperature difference between the heating medium and that which is heated by the specific thermal characteristics of the building
For a particular building, accepting a constant volume V=const
 using the 90/70 temperature chart, we plot the change in temperature difference  depending on the specific thermal characteristics of the building (Fig. 2).
As a specific thermal characteristic of the building we choose four values 
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Thus, knowing the specific thermal characteristics of the building and its volume, it is possible to obtain the value of the temperature difference between the heating medium and the heating medium. Also, by using the ratio between the water temperatures at the inlet and outlet of the heating system, it is possible to calculate the water supply temperature and the output, depending on the weather conditions.

So, for example, for 

 it is possible to calculate the inlet and outlet temperatures of the heating system (Table 1).
As seen at ambient temperature + 8ºC, the heating can be switched off.

Table 1
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-21 127 77 50

-20 113 73 40

-19 110 71 39

-18 107 70 37

-17 104 68 36

-16 101 67 34

-15 98 65 33

-14 95 64 31

-13 92 62 30

-12 90 61 28

-11 87 60 27

-10 84 58 25

-9 81 57 24

-8 78 55 22

-7 75 54 21

-6 72 52 19

-5 69 50 18

-4 66 49 16

-3 63 47 15

-2 60 46 13

-1 57 44 12

0 54 43 10

1 51 42 9

2 48 40 8

3 45 39 6

4 42 37 5

5 39 35 4

6 36 34 2

7 33 32 1

8 30 30 0

9 27 29 -2

10 24 27 -3


Consider how the temperature difference will vary depending on the specific thermal characteristics of the building (Fig. 3).
As we can see from Fig. 3 with the increase of the specific thermal characteristics of the building, the sum of the inlet and return water temperatures in the heating system will also increase. That is, depending on the purpose of the building and its specific thermal characteristics, it is possible to calculate the supply and return temperature for the heating system serving the building.
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Fig. 3. Dependence of temperature difference depending on the specific thermal characteristic of the building.

V. RESULTS

The results of mathematical modeling are presented graphically and analytically for different scenarios depending on the ambient air temperature and the specific thermal characteristics of the buildings.

The simulation results indicate that the temperature head Δt of the equivalent heating appliance depends on the outside temperature and the specific heating characteristic of the buildings.

Thus, as the ambient air temperature decreases, the delta temperature Δt increases. At the same time, as the specific heating performance of buildings is reduced, the temperature pressure decreases, which leads to a decrease in thermal energy consumption and equivalent CO2 emissions.

The results of the mathematical modeling of the temperature regime of the heat supply systems allow us to propose a number of measures to increase their energy efficiency and reduce equivalent CO2 emissions and increase the comfort level in the premises:

1. With the involvement of energy audit, it is necessary to calculate the individual temperature charts of the heating systems of buildings.

2. In order to increase the homogeneity of thermal loads of heat consumption objects, it is necessary to cluster buildings according to their specific thermal characteristics.

3. At modernization of systems of heat supply it is necessary to carry out taking into account their individual temperature regimes.

4. Attraction of investments for modernization of heat supply systems should be made according to the criteria of their energy efficiency and environmental friendliness.

On the basis of the conducted research, it is concluded that the use of this approach saves energy by reducing useful consumption and heat losses in the range of 21-23%. Accordingly, this results in the reduction of equivalent emissions of carbon dioxide (CO2) and other harmful substances, which is quite important for the conservation of the environment.

CONCLUSIONS

In this work, we investigated the use of an individual single-circuit heat point to regulate the temperature schedule and the mass flow rate of the coolant in the district heating system of buildings. Using the mathematical apparatus, several scenarios were simulated, depending on the external temperature and the specific heating characteristics of the buildings.

The simulation results showed that controlling the temperature schedule of the district heating system for an individual building has a significant effect on heat consumption, reducing heat loss and increasing the comfort of the building. Total thermal energy consumption of buildings can be reduced by 21-23%, which consequently reduces the cost of payment and the equivalent of carbon dioxide (СО2).
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