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Abstract. The paper presents a new method of determining the thermal
power demand of buildings connected to the district heating system, which
included the actual heat demand and the possibility of balancing the
thermal power using the thermal storage capacity of district heating
network and internal heat capacity of buildings. Moreover, the analysis of
the effect of incidence of external air temperature and duration of episodes
with the lowest outdoor temperatures on the thermal power demand of
district heating system was conducted.

1 Introduction

One way to reduce pollution from dispersed sources of low power (i.e. low emission) can
be a significant development of district heating systems. This is caused by the high
efficiency of these systems and modern solutions for reducing pollution in sources in
comparison to dispersed sources [1].

One of the barriers to the development of district heating systems is that the buildings
connected to the district heating network are highly volatile of daily demand for thermal
power, what causes problems when is designing power of heat sources in the district
heating system. This occurs regardless of the generation of heat networks, or projected
scenarios of their development [2—4]. In addition, pay special attention to the very rare
cases of a value equal to or below the design temperature of the outside air during the
heating season [5, 6]. It can be concluded that the maximum design parameters of the heat
source in heating networks are not being met [7]. The effect of oversized power of heat
sources is a decline in the profitability of district heating systems [8]. Currently used
methods of design power of heat sources of the district heating system based on the design
temperature of the outside air. In addition, sources of heat are designed with more power
due to the anticipated development of the buildings infrastructure and future demand for
thermal power. However, this trend does not necessarily have to be maintained because of
the intense thermal modernization of existing buildings and use new building technologies
with extremely low heat consumption [9-11]. In the currently used calculation is not taken
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into account the thermal storage capacity of district heating network and internal heat
capacity of buildings [12, 13].

In this material it is important to present a new calculation method and a new
perspective on problem of current oversizing of heat sources capacities of district heating
systems. New method includes the actual heat demand and the possibility of balancing the
thermal power using the thermal storage capacity of district heating network and internal
heat capacity of buildings.

2 Method of determining the thermal power with usage of heat
accumulation

The proposed method consists of seven stages: analysis of the hourly frequency of outside
air temperatures, analysis of average daily outside air temperature, analysis of frequency
and duration of episodes with the lowest values of outside air temperature, determine the
actual thermal power demand of buildings, analyse of the possibility of balancing the
thermal power using the thermal storage capacity of district heating network, analyse of the
possibility of balancing the thermal power using the internal heat capacity of buildings and
determine the reduction in demand for thermal power of district heating system.

On the basis of climatic data for the considered area, designated as data for the standard
meteorological year, should be determine the hourly frequency of the temperature in
regulation range of the district heating network (e.g. from -20°C to 12°C) during the
heating season (e.g. October—April).

Then should be analyzed the average daily temperature of the outside air. Such an
analysis should be carried out on the basis of measurement data from the nearest
meteorological station or data from weather monitoring of the system. Using the method of
decomposition of the time series can be estimated distribution of the forecast external
temperature for the coming years. Then, based on the obtained distribution of the value of
the coefficient of determination R? resulting from the number of seasons to be analyzed,
select the forecast based on time series with the best fit.

It is likely that the analysis of the average daily temperature of the outside air using the
method of decomposition of the time series will not be precise (coefficient of determination
R? < 0.8) [14-16]. For such a case it is necessary to carry out further analysis of frequency
and duration of episodes with the lowest values of outside air temperature. This method
involves the determination of a set of the average daily outside air temperature, from the
period of possibly the greatest number of years (min. 30), episodes lasting from one to up to
five days. The criterion for the designation of the episodes of time should be a temperature
below the design temperature (e.g. in the range from -15°C to -20°C). Temperature ranges
should be divided as 1K.

If the value of the coefficient R? are satisfactory, but the forecasted temperatures are still
doubtful (e.g. are too high), it is also recommended to carry out this part of the analysis.

To determine the planned heating demand are required characteristics of district heating
network. To their designation may be used of heating curves depending on outside air
temperature. In that case, use heating curves of the network side (high performance), as
well as heating curves on the installation side (low performance). Return temperatures of
both the network and the installation are taken as the result of heat supply to end users. On
this basis shall be designated predicted heat fluxes to meet the needs of end users,
depending on the temperature of outside air. This method involved the use of the incidence
of outside air temperature based on standard meteorological year. This determines the
computing standard value of the planned thermal power demand by end users.

In addition to above can be practically used heat capacity of the heating network for the
purpose of heat accumulation using increasing the temperature of the water network in
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supply, return or together. In the case of increasing the temperature of supply water the
parameter limiting is the maximum operating temperature due to the recommended
operating conditions of pre-insulated district heating pipes. It can be assumed that this
temperature is up to 130-135°C. The other two methods are not taken into account due to
the increased cost of relief tubing or development of each substation. The amount of heat
possible to accumulate in the district heating network, by increasing supply temperature can
be calculated from equation (1):

Qun=Vpc, AT 107, MJ (1)

where:

Q4,» — amount of heat possible to accumulate in the district heating network, by increasing
supply temperature, MJ,

V' — water volume of heating network at supply, m?,

p — density of water, kg/m?,

¢p — specific heat capacity of water, kJ/(kg K),

AT — temperature difference, K.

Compensating time of heating source power reduction using a heat accumulation on the
district heating supply can be calculated from the equation (2):

k0 = Qun/(3600 AQs), h (2)

where:

Tk, — compensating time of heating source power reduction using a heat accumulation on
the district heating supply, h,

Q4,»— amount of heat accumulated in the heating network, MJ,

AQ,-— assumption in reduction of heat source power, MW.

Another possibility of using the heat accumulation give buildings connected to the
district heating network. The accumulated amount of heat by using the internal heat
capacity of buildings connected to the district heating network can be calculated from the
equation (3):

OQup=Cn ATy 105, MJ 3)

where:

Q4 — accumulated amount of heat by using internal heat capacity of buildings connected to
district heating network, MJ,

C — value of internal heat capacity of building, J/K,

ATy, — building internal temperature drop, K.

The value of the internal heat capacity of buildings should be calculated for the total
area of heated buildings considered using the equation (4):

Cn = K; A, 10, MU/K 4)

where:

C,, — value of internal heat capacity of building, MJ/K,

Ar—heated area, m?,

K; — internal heat capacity relative to the surface area of the building element, J/(m? K).



E3S Web of Conferences 22, 00180 (2017) DOI: 10.1051/e3sconf/20172200180
ASEE17

Summary of data to be used in the calculation is presented in Table 1. Example values
of the internal heat capacity of the building C,, are calculated for building space available in
the GUS [17] for medium-sized heating system occurring in Poland. It should be noted that
for each of heating system should be used current and real data of buildings connected to
the district heating network.

Table 1. Data used to calculate the internal heat capacity of buildings.

Internal heat capacity relative to the Heated Internal heat capacity
Building surface area of the building element surface of building
structure K;, J/(m? K) A, m? Cn , MI/K
Very light 80000 - -
Light 110000 - -
Average 165000 26737 4411.6
Heavy 260000 85151 221393
Very heavy 370000 389481 144107.0

Compensation time of source thermal power reduction using the heat accumulated in the
buildings can be calculated from equation (5):

kb = Qap/(3600 AQ), h (5)

where:
Q45— amount of heat accumulated in buildings, MJ,
AQs-— assumption in reduction of heat source power, MW.

For such presented method of determining the thermal power demand of buildings
connected to the district heating system with usage of heat accumulation can be represented
graphically compensation times as a function of assumed reducing thermal power of heat
source, both for the case of using the thermal storage capacity of district heating network
and internal heat capacity of buildings. Example of graphical presentation constructed on
the basis of equations 2 and 5 is shown in Fig. 1.

—Building inside temperature
drop, K

— ~-Increase supply temperature
in DHS, K

Compensation time of thermal
power reduction, tK, h

Reducing thermal power of heat source, AQsr, MW

Fig. 1. Example of graphical presentation compensation times as a function of assumed reducing
thermal power of heat source.
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3 Discussion

The forecast of outside temperature distribution shows a strong correlation in determining
the minimum outdoor temperature on the assumed length of the time series. Taking into
consideration the value of coefficient of determination R? below 0.8 obtained results may
not be sufficient to provide more accurately calculation the outdoor temperature for the
forecast period.

In that case, an analysis of the outside temperature distribution should be conducted,
from as long as possible measurement period.

After determining episodes of temporary occurrence of the minimum values of the
outside air temperature usually it turns out that one-day episodes statistically one can
assume at 1-2 times per season for average daily outside air temperatures below -15°C, and
the average daily outside air temperature below -20°C there are only once every four
heating seasons. Considering the occurrence of episodes of multi-days occurs that they
appear very rarely, and among them may be relevant episodes two- and three-days.

4 Conclusions

On the basis of presented determining the thermal power demand of buildings connected to
the district heating system with usage of heat accumulation can draw following
conclusions:

Having regard to the incidence of outside air temperatures, and the frequency and
duration of episodes with the lowest values of outside air temperature the most possible
source thermal power reduction for the purpose of central heating is 5—10%.

In addition, taking into account the utilization of the thermal storage capacity of district
heating network and internal heat capacity of buildings it is possible to balance the heat
power reduction for another 5-10% in a maximum period of 72 hours. These values are
dependent on the permissible temperature increase in the supply of district heating and
building inside temperature drop.

It is known that the heating power of district heating system sources in Poland is
oversized. It is also evident that the adaptation of the power of heating sources to the
building's energy needs will be beneficial for improving the energy efficiency of the district
heating system, reducing transmission losses and reducing pollutant emissions. All this
leads to maintaining the profitability of heating companies. The presented method does not
exhaust the possibilities of usage of heating accumulation of the system, especially with
additional heat accumulators. Therefore, it should be carried out further research into the
use of alternative methods of determining the thermal power demand of buildings
connected to the district heating system with usage of heat accumulation of the system.

The material has been prepared in terms of Czestochowa University of Technology
statutory research BS/PB-407-302/11 ‘Energy-efficient and environmentally sustainable
supply systems of buildings in heat, coldness and electricity’.
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