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Project Goal 
In order to provide the desired room climate, 
heating, ventilation and air conditioning sys-
tems are widely used in apartments and 
buildings. As a consequence, today, a large 
part of the total energy consumption of build-
ings is directly attributable to room heating 
and hot water systems.  

In order to reduce the overall energy con-
sumption, such systems should be designed 
and operated in such a manner that energy 
consumption is as low as possible without im-
pairing the comfort of the residents. 

Developing heating systems that use an intel-
ligent control strategy and thereby reduce 
overall energy consumption is today quite dif-
ficult for several reasons. One reason for this is 
that, compared to the complexity of the task 

only very few sensors are normally installed in 
a building that are capable to monitor the un-
derlying room climate and the heating system. 
This means that only a limited view of the cur-
rent status of the heating system is available 
based on the possible sensor data. 

From a data processing perspective, the main 
challenge is that the solar collector and 
burner heat exchangers feed an unknown 
amount of energy into the system and the hot 
water extraction and cooling events reduce 
the energy content.  

In addition, the temperature is only monitored 
by a few sensors, which are located on the 
heat exchanger of the solar collector and in 
the middle and top of the water tank.

 

 

 

Hot Water Storage Tanks 
Algorithms for estimating quantities that cannot be measured directly 
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The aim of this project was to develop 
different algorithms for the state detection, 
the estimation of the energy content and the 
temperature profile in hot water storage 
tanks. The main objective was to estimate the 
energy content based on the few sensor data 
and to control the hot water storage tank in 
such a manner that the overall energy 
consumption can be reduced as well as that 
peak loads can be minimized. This makes it 
possible to provide the end customer with 
additional functions for needs-based hot 
water preparation. 

 

Hot Water Tank Diagram. An intelligent algorithm inte-
grated in a control system permanently calculates the energy 
content and the temperature profile of a hot water storage 
tank based on temperature sensors. 
 

Procedure & Solution 
• Selection of a model-based approach to 

take the physical conditions into account 
• Modeling of the heat propagation over 

time and place in combination with the en-
ergy inflows and outflows, as well as the 
heat exchangers (heat transport)  
 

including also the inflows and outflows of 
water (mass transport) 

• Estimation of the temperature profile in 
the hot water tank for each measurement 

• Compensation of measurement distur-
bances 

• Realization of the algorithm development 
in a rapid prototyping language like Py-
thon 

• Implementation of final qualified and 
product ready software development in C 
on embedded microcontrollers and inte-
gration into the customer ‘s target system 

• The algorithm and software development 
took place in very close coordination with 
the customer 

 

 

Estimation of quantities that cannot be measured 
directly. In the case of hot water tanks, quantities that can-
not be measured directly can be estimated using intelligent 
algorithms. Examples: (a) temperature profile and energy 
content in the storage tank, (b) status of the hot water stor-
age tank, (c) energy flow from the solar collector, (d) hot water 
taps by users and (e) anomaly detection.
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Results & Benefits 

• Thanks to its good configurability, the de-
veloped software product could be ex-
tended to several product families and 
integrated very well into the product range  

• The procedure developed by ShiraTech-
Knowtion requires only about approx. 5 
kByte of memory 

• The end user receives further information 
gained from the temperature measure-
ments, such as a detailed temperature 
profile, energy levels, energy balances and 
the time and volume of hot water tap 

• The realized solution will enable the con-
sumption of fossil fuels to be  

reduced in the future and to achieve in com-
bination with the use of solar energy an opti-
mized energy utilization 
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