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ABSTRACT

The paper deals with prediction of Heat Supply Daily Diagram (HSDD) course for concrete locality.
This diagram is most important for technical and economic consideration. Therefore forecast of this
diagram course is significant for short-term and long-term planning of heat production. We focus also
on improvement of HSDD forecast by means of inclusion of Outdoor temperature influence. For
prediction of HSDD is utilized method of Box-Jenkins.
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1. INTRODUCTION

The paper deals with the utilization of time series prediction for control of technological process in

real time. An improvement of technological process control level can be achieved by time series

analysis in order to prediction of their future behavior. We can find an application of this prediction

also by the control in the Centralized Heat Supply System (CHSS), especially for the control of hot

water piping heat output.

Knowledge of heat demand is the base for input data for operation preparation of CHSS. Term “heat

demand” is instantaneous required heat output or instantaneous consumed heat output by consumers.

Term ‘“heat demand” relates to term “heat consumption”. It express heat energy, which is the

customer supplied in a specific time interval (generally day or year).

The course of heat demand and heat

consumption can be demonstrated by | o (Monday 71.10.1956 - Wednesday 6.11.1096)

means of heat demand diagrams. Most |0

important are:

o heat supply daily diagram, which ||
demonstrates the course of requisite
heat output during the day. (See fig.1)
e duration heat demand diagram - Y-

coordinates represent heat demand
and distance from zero represents
duration of corresponding heat

80

demand. At present there are known | wesow 251085000 201050000 21196000 611,96 000

duration heat demand diagrams daily ate and Time

and yearly Figure 1. Heat Supply Daily Diagram for concrete
locality
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These diagrams are most important for technical and economic consideration. Therefore forecast of

these diagrams course is significant for short-term and long-term planning of heat production. It is

possible to judge the question of peak sources and namely the question of optimal distribution loading
between cooperative production sources and production units inside these sources according to time
course of heat demand. The forecast of heat supply daily diagram (HSDD) is used in this case.

In our case the forecast of HSDD is determined for two way of using:

1. The predictions of whole HSDD. The forecast of HSDD of whole CHSS is utilized for the
purpose of heat production control and thus for the purpose of the optimal distribution loading
between cooperative production sources and production units inside this sources.

2. The prediction is determined for continuous acquisition of needy heat output ahead of the time. It
is depend on transport delay, namely in the range of 2 up to 16 hours depending on distance of
heat sources from consumers, it is different for each locality..

2. METHODS OF FORECAST - BOX-JENKINS METHOD
It is possible to use different solving methods for calculation of time series forecast. (For example:
solving by means of linear models, solving by means of non-linear models, spectral analysis method,
neural networks etc.)
In former times was created a lot of works, which solve the prediction of HSDD and its use for
control of District Heating System (DHS). Most of these works are based on mass data processing.
But these methods have a big disadvantage. It consists in out of date of real data. From this point of
view is available to use the forecast methods according to the methodology of Box —Jenkinse [3]. This
method works with fixed number of values, which are update for each sampling period.
This methodology is based on the correlation analysis of time series and it works with stochastic
models, which enable to give a true picture of trend component and also of periodic components.
Because this method achieves very good results in practice, it was chosen for calculation of HSDD
forecast.
The course of time series of HSDD contains two periodic components (daily and weekly period). But
general model according to BJ enables to describe only one periodic component. We can propose two
eventual approaches to calculation of forecast to describe both periodic components[4].

e The method, that uses the model with double filtration

e The method — superposition of models
Pursuant to the theory and literature a program was created in Matlab. This program enables to choose
available mathematical statistical model for calculation of prediction of HSDD course and it is used
for forecast of HSDD, which is an essential part of control of DHS by means of Qualitative-
Quantitative method. All testing and calculations are based on lot of real data. These data were
obtained in specific locality.

3. INCLUSION OF OUTDOOR TEMPERATURE INFLUENCE
Above mentioned methods do not describe sudden fluctuation of meteorological influences. In this
case we have to include these influences in calculation of prediction.
Previous works on heat load forecasting [1], show that the outdoor temperature has the greatest
influence on HSDD (with respect to meteorological influences). Other weather conditions like wind,
sunshine and so on have less effect and they are parts of stochastic component. For inclusion of
outdoor temperature influence in calculation of prediction of HSDD was proposed this general plan:
a) The influence of outdoor temperature filter off from time series of HSDD by means of heating
characteristic (function that describes the temperature-dependent part of heat consumption)
b) Prediction of HSDD by means of Box-Jenkins method for this filtered time series
c¢) Filtration of predicted values for the reason of inclusion of outdoor temperature influence (on
the base of weather forecast)
From the previous plan is evident that the principal aim is to derive an explicit expression for the
temperature-dependent part of the heat load. That means, we have to derive heating characteristic.
It is obvious that the temperature dependence is non-linear. For relatively high outdoor temperatures,
the temperature has less influence. For example, the load will almost be the same for 25 °C and 27 °C.
A corresponding conclusion is also true for relatively low temperatures, e.g. whether the outdoor
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temperature is -28 °C or -30 °C does not matter, the production units will produce at their maximum
rate anyway.

Regarding to previous consideration we can used the temperature-dependent part of heat consumption
in the form:

k 3
z" =% T =% T, (M
where: z*'is correction value of heat consumption in time t including outdoor temperature

influence, T; is real value of outdoor temperature in time t , X3, X, are constants. The course of heating
characteristic for constants X; = 0.002, x; = 3.5 is shown in the figure 2.
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Figure 2. The sample of heating characteristic Figure 3. Heating characteristic (piecewise
(cubic function) linear function)

The temperature dependent part can assumed to
vary as a piecewise linear function, see the illustrating example in figure. 3 [5]. Here a function with
five segments is used, but the number of segments can of course be chosen arbitrarily.

Given the number of segments as a Ng. and the temperature levels as 7;,i =1,...,N;+1. Now we can

consider the temperature-dependent part of heat consumption in the form:
2% =, T +f3 @)

where: 2" is correction value of heat consumption in time t including outdoor temperature influence, T;

is real value of outdoor temperature in time t ,o; is the slope of i-th segment, f3; is absolute equation term of i-th
segment. Constants (X, X2 and ,ou, 3;) have to be determined for concrete locality empirically.
Filtration time series of HSDD that inputs in prediction model is defined as:

Z(filtr — Zt _ Z(kor (3)
where: z"" is heat consumption in time t with filtering off the influence of outdoor temperature, z' is

correction value of heat consumption in time t including outdoor temperature influence, z, is real value of heat

consumption in time t. Example of the course of time series of HSDD before filtration and after filtration is shown
on figure 4 and figure 5.
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Figure 4. The course of HSDD beforefiltration ~ Figure 5.The course of HSDD after filtration
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After prediction calculation of filtering off time series is necessary to filtrate the predicted values for
the reason of inclusion of outdoor temperature influence (on the base of weather forecast). We can
define this operation in the form:

filtr

z =2 42" @

where: z""is predicted value of filter off time series of heat consumption in time t, z*'is
correction value of heat consumption in time t including outdoor temperature influence, z° is

predicted value of heat consumption in time t. The value z is obtained by application of the

equation (1) or (2) for this operation. We use weather forecast (temperature forecast).

d) Concrete Results of HSDD prediction
We use real data measured in concrete locality (in our case in the city Zlin) for calculation. In this
case we realized the calculation of HSDD prediction for Saturday 2.11. 1996. In this time we can
observed the perceptible increasing the outdoor temperature compared to days before. The samples of
results of HSDD prediction are shown in the figure 6 and 7.
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Figure 6. The course of HDD predictionwithout  Figure 7. The course of HSDD with inclusion
inclusion of outdoor temperature influence of outdoor temperature influence

4. CONCLUSION

The paper presented a method for inclusion of outdoor temperature influence in calculation of HSDD
prediction. This prediction of HSDD is necessary for qualitative-quantitative control method of hot-
water piping heat output — Balat¢ system.

5. ACKNOWLEDGEMENT

This work was supported in part by the Grant Agency of Czech Republic under grant No:
101/06/0920 and in part by the Ministry of Education of the Czech Republic under grant No.
MSM7088352102.

6 REFERENCES

[1] ARVASTSON, L.(2001). Sochastic modelling and operational optimization in district-heating systems. PhD
thesis, Mathematical Statistics, Lund University, Lund, Sweden.

[2] BALATE, J. (1982). Design of Automated Control System of Centralized Heat Supply. Thesis of DrSc (Doctor
of Science) Work. Faculty of Mechanical Engineering of TU Brno, Brno.

[3] Box G.E.P., JENKINS G.M. (1976). Time Series Analysis-Forecasting and Control. USA: Holden Day, 575 p.,
ISBN 0-8162-1104-3.

[4] DoSTAL, P. (1986). Machine Processing of Daily Diagram Course Prediction of Loading the Centralized
Heat Supply System, Thesis of Ph.D. Work. Faculty of Mechanical Engineering of TU Brno, Brno.

[5] DOTZAUER, E. (2002). Simple model for prediction of loads in district-heating systems. Applied Energy,
Volume 73, November-December 2002, pages 277-284, ISSN 0306-2619.

1498



