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Abstract: 

The paper deals with the dynamic simulation of a large solar adsorption cooling plant, located in 
the headquarters of the company FESTO (Southern Germany). This installation consists of 1218 
m² of vacuum tubes collectors of the type CPC and three adsorption chillers with a total nominal 
cooling capacity of 1.05 MW. A detailed dynamic simulation model of the solar plant and the 
adsorption chillers has been developed in order to predict the performance of the system. The 
dynamic behaviour of both the solar plant and the adsorption chillers were simulated for different 
operating conditions and compared with measurement data. The simulation results show a good 
agreement with the measurements. The model thus validated will be used for further investigations 
and to perform online simulation for an automated alarm and fault detection system. 

Keywords: solar, cooling, adsorption, dynamic, simulation. 
 

1. Introduction 

1.1. Technology Centre of FESTO AG (Berkheim/Esslingen) 

The innovative and highly energy efficient office building of the FESTO AG & Co. KG in 
Esslingen, with a useful floor area of 26.000 m² is cooled in summer by three 350 kW adsorption 
chillers (manufacturer: Mayekawa) and additionally through thermally activated bore piles of the 
buildings foundation. The cooling energy of the bore piles is provided to the thermally activated 
concrete ceilings of the building and the cooling energy of the adsorption chillers is mainly used to 
cool the air in the ventilations systems of the building. Since the completion of the building in 
2001, the driving heat for the chillers was provided by gas boilers and waste heat from the 
production facility. Since the end of 2007, a large solar plant, consisting of 1218 m² vacuum-tube 
collectors of the type CPC Star Azurro from the manufacturer Paradigma, contribute to heat 
production for cooling and heating. 

1.2. Integration of the solar plant in the existing system 

The principle of the integration of the solar plant into the heating distribution system of the 
building is show in Figure 1. In winter the produced heat of the solar system is provided to the 
thermally activated ceilings with a maximum capacity of 200 kW on a low temperature level of 
50/30°C. If the solar system delivers e.g. in autumn and spring more than 200 kW, the heating 
energy is switched to a higher temperature level and connected to the main heating distribution 
system of the building for the rest of the day. In summer the heat is directly provided to the main 
heating distribution system, which supplies the adsorption chillers with the required heating 
energy. 
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Figure 1: Hydraulic scheme of the solar adsorption cooling plant (FESTO AG) 

The installation of the solar plant is supported by the German government within the Solarthermie 
2000plus program and the monitoring system was installed by the University of Applied Sciences 
Offenburg [1]. 

 

2. Simulation of the solar thermal plant 

During the design phase, a detailed model of the solar thermal plant has been developed in INSEL 
[2] and some simulations have been done in order to predict the energy produced by the solar 
thermal system [3]. Those simulations have been performed using meteorological data of the 
INSEL database. Performance analyses of the solar plant have been done with the monitored data 
for the period between March and June 2008 [4]. The results of the yearly simulated predictions 
and the measured data of 4 months of operation are shown in the table 1: 

Table 1: Yearly simulated predictions and measured results of 4 months of operation (March-June 2008) 

Annual design phase simulation Monitoring results (March-June 2008) 

Specific solar gain Collector utilisation 
efficiency Specific solar gain Collector utilisation 

efficiency 

546 kWh/m².y 38.7 % 186 kWh/m².(4 mth) 38.1 % 

 

Several days with different operating conditions (solar irradiation, control strategy) have been 
simulated and compared with measurement data. The nomenclature used in the schema 
corresponds to the different sensors represented in figure 1. The measurement data used for the 
simulation are mean values calculated over 5 minutes time step. Those data were obtained from the 
monitoring system of the University of Applied Sciences Offenburg. Figures 2, 3 and 4 show the 
simulated and measured values for 3 different days. 
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igure 2: M
easured and sim

ulated results for the 10
th M

ay 2008 
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igure 3: M
easured and sim

ulated results for the 5
th July 2008 
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igure 4: M
easured and sim

ulated results for the 11
th July 2008 



Figure 2 (10th May) represents a sunny day with constant collector volume flow. The control 
strategy has been recently modified in order to reduce the electricity consumption of the collector 
pumps, figure 3 and 4 shows the results with the new control for both sunny and cloudy days. 

 

3. Simulation of the adsorption chiller 

Since the discontinuous dynamics of adsorption/desorption cycle causes a variable cooling effect 
of the chiller, it is important to have a model that takes into account this transient behavior. The 
dynamic model proposed by Saha [5] has been implemented in INSEL. Given that only little 
information on the physical properties of the chiller and the nature of the silica-gel used is 
available, some modifications/simplifications in the model have been done. The silica-gel/water 
equilibrium model based on Henry’s law equation (1) developed by Ng and Chua [6] for the silica-
gel Fuji-Davidson type RD was used to describe the adsorption/desorption process.  

� � � � � � �
� 	

��


 �    q* is amount of water adsorbed at equilibrium [kg/kg]  (1) 

    � ��  is the isosteric heat of adsorption (� �� =2510 kJ/kg) 

    � �  is a constant (� � � �� �� ���  Pa-1) 

    P is the equilibrium pressure of the adsorbate in the gas phase [Pa] 

The model was compared with measurement data (in 10 seconds time interval) of one chiller for 
different operating conditions of temperatures and volume flow rates. Figures 5 shows the 
simulated and measured temperature values of the 3 water circuits during 3 cycles for a heating 
temperature of 78-80 °C and a volume flow rate of 65 m³/h. 
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Figure 5: Simulated and measured values of the adsorption/desorption cycles (case 1) 



Figure 6 shows the measured and simulated temperatures for a heating temperature of 70-72°C and 
a volume flow rate of 90 m³/h. 

$

�$

+$

�$

#$

%$

*$

)$

,$

��6
$�

6�
*

��6
$#

6+
*

��6
$%

6�
*

��6
$*

6$
*

��6
$*

6%
*

��6
$)

6#
*

��6
$,

6�
*

��6
$4

6+
*

��6
�$

6�
*

��6
��6

$*
��6

��6
%

*
��6

�+
6#

*
��6

��6
�*

��6
�#

6+
*

��6
�%

6�
*

��6
�*

6$
*

��6
�*

6%
*

��6
�)6

#*
��6

�,6
�*

��6
�4

6+
*

��6
+$

6�
*

��6
+�

6$
*

��6
+�

6%
*

��6
++

6#
*

��6
+�

6�
*

��6
+#

6+
*

��6
+%

6�
*

��6
+*

6$
*

��6
+*

6%
*

��6
+)

6#
*

��6
+,

6�
*

��6
+4

6+
*

��6
�$

6�
*

��6
��6

$*
��6

��6
%

*
��6

�+
6#

*
��6

��6
�*

��6
�#

6+
*

��6
�%

6�
*

��6
�*

6$
*

��

���

�	�
���

���
�

0�	��1��� 0����1��� 0�����1��� 0�	��1���1��� 0����1���1��� 0�����1���1��� 0�	��1�� 0����1�� 0�����1��

���	"���	�#�&��
���������������������� ����1�����8�+$$��.(���������������������1������8�%, ��. (���&��%���� 

 
Figure 6: Simulated and measured values of the adsorption/desorption cycles (case 2) 

 

The results for a hot water temperature of 70°C and a reduced hot water volume flow rate of 50 
m³/h are shown in figure 7. 
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Figure 7: Simulated and measured values of the adsorption/desorption cycles (case 3) 



Figure 8 shows how the model behaves when the inlet cooling water temperature fluctuates, which 
happens often in reality when the cooling towers cannot cool down the water coming from the 
chillers. 
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Figure 8: Simulated and measured values of the adsorption/desorption cycles (case 4) 

 

4. Discussion 

In this part, the results of the simulations of both the solar plant and the adsorption chillers are 
discussed and different ways of using the model for optimization of the system via online 
simulation will be proposed. 

4.1. Solar thermal plant 

Three days with different conditions have been simulated and compared with measurements. Table 
2 summarizes the results by comparing the energy measured and simulated for the different days: 

Table 2: Summary of the measured and simulated results of the solar thermal plant 

 Qsol Qcol_m Qcol_sim Qload_m Qload_sim Dev. col Dev. load 
 kWh/m² kWh/m² kWh/m² kWh/m² kWh/m² % % 
10th May 8.38 4.69 4.55 4.04 4.47 3.1 10.8 
5th July 8.04 4.32 4.17 3.92 4.04 3.2 3.1 
11Th July 4.93 2.57 2.27 2.10 2.08 11.4 0.8 
 
4.1.1. Collector loop 

The results show a good agreement between measured and simulated values with an acceptable 
deviation. Nevertheless, it should be mentioned that when the irradiation is fluctuating, the results 
are not so good (11.4% deviation in comparison to measured values). This might be explained by 



the fact that the values used to perform the simulation are mean values over 5 minutes-period. The 
values of volume flow rate and irradiation are therefore not “real”, that is why one can observe 
these peaks in the collector outputs when the volume flow rate is lower. These problems can easily 
be avoided by using instantaneous values and by reducing the time step. 

4.1.2. Storage tanks loop 

The results show a tendency of over prediction of the energy going out of the storage tanks. This is 
mainly due to the model used for the storage tanks which simulates the “ideal case” in order to 
maintain the stratification in the tank (the hot water coming from the collectors goes in the layer 
with the similar temperature). In reality, the hot water enters in a fixed inlet in the middle of the 
first tank which limits the stratification in the tanks. The temperature at the top of the first tank (to 
supply) is therefore smaller than the simulated one, which explains the difference with simulated 
values. This problem can be solved by using another type of tank model using fixed inlet positions. 

4.2. Adsorption chillers 

Table 3 summarizes the different cases simulated and compares the measured and simulated results 
in terms of mean cooling power and COP of the chillers defined by equations (2) and (3). 

� �������� �
! " #$%&&�%

'
%

 
  (2)   ()� �

! " #$%&&�%
'
%

! " $*+
�%
'
%

  (3) 

n is the number of time steps in the considered period 
i is the considered time step. 

Table 3: Summary of the measured and simulated results for one of the adsorption chiller 

 Theat_in Vdot_heat P_cool,m P_cool,sim COP_m COP_sim Dev. 
Pcool 

Dev. 
COP 

 °C m³/h kW kW - - % % 
Case 1 78-80 65 360.6 358.0 0.458 0.476 0.7 3.9 
Case 2 70-72 90 338.7 346.3 0.49 0.52 2.3 6.3 
Case 3 68-70 50 304.3 295.6 0.49 0.54 2.8 11.7 
Case 4 58-60 60 232.7 226.2 0.55 0.52 2.8 5.7 

 

NB: The operating conditions for the two others water circuits (chilled and recooling) can be seen on the 
figures 5-8. 

The results show good agreement between simulation and measurements for the different operating 
conditions studied. Therefore the model will be used for further investigations. 

4.3. Use of the model for online simulations and optimization 

The simulation model of the installation will be used in future to perform online simulations in 
order to detect some potential errors/malfunctions of the system and alert the users. This process 
has to be automated in order to simulate at the end of each day the installation and compare the 
results with the measurements. 

Additionally, the model will be used to study the possibility of varying the cycle of the adsorption 
chillers when the cooling demand of the building is not so high, in order to increase the COP and 
reduce the input heat in the chillers. Furthermore, the control strategy of turning on the 3 chillers 
according to the cooling demand will also be investigated. 



5. Conclusions 

This paper shows the results of dynamic simulations of a large solar adsorption cooling plant 
installed in the company FESTO AG nearby Stuttgart in Germany. Even if some works are still 
required to enhance the quality of the model, the results show an acceptable agreement between 
simulated values and measured ones. This simulation model will be used in futur
online simulations for an automated alarm and fault detection system
will be also used to study the effect of the variation of the cycle time of the chiller and to optimize 
the control strategy of turning on the 3 adsorption chillers (when should they be turned on).
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