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Abstract 

This paper studies the primary energy optimisation potential of an existing large solar adsorption 
cooling plant (Festo company). This plant consists of 1218 m² (net area) vacuum tubes collectors, 2 
hot storage tanks of 8.5 m³ each and 3 adsorption chillers of 350 kW cooling capacity each. 
Measurements and previous simulation studies show a good optimisation potential especially 
regarding the electricity consumption of the cooling towers [1]. The purpose of this paper is to 
quantify this potential in terms of primary energy savings by using dynamic simulations. The work 
focuses on the heat rejection loop which consists of the chillers and the cooling towers. Different 
control strategies of cooling towers fan speed are simulated. Additionally, different hydraulics 
configurations of the heat rejection loop with or without buffer storage tanks are studied in order to 
see the effect on the fan speed control of the cooling towers. The electrical COP of the global 
system can be increased up to 30-40% with such controls with a minor decrease in cooling 
capacity. The use of a buffer store between the chillers and the cooling towers is meaningful since 
it smoothes the temperature wave and makes the control easier and more stable. Specific primary 
energy savings up to 0.25 kWhPE/kWhcooling can be achieved with simple changes in the heat 
rejection loop. 
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1. Introduction 

The solar adsorption cooling plant studied is an installation located in the vicinity of Stuttgart 
(Southern Germany). Measurement data analysis of the first two years of operation shows a quite 
low electrical performance of the system (electrical COP between 2.5 and 3.5) [1,5]. A large 
contribution of the electricity consumption is due to the cooling towers’ fans which mostly run full 
speed even if the return cooling water temperature to the chillers is low. Furthermore, the 
temperature peaks due to adsorption/desorption cycle of the chillers make the control of the fans 
speed more difficult than for absorption chillers. The use of dynamic models is necessary to study 
the effect of control strategies and new hydraulics on the system performance. The simplified 
scheme of the installation is shown in figure 1. For this paper, only the heat rejection loop between 
the chillers and the cooling tower is considered for optimisation. 
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Fig. 1: Simplified hydraulic of the FESTO plant (buffer store not installed) 

 

2. Modelling and validation 

2.1. Adsorption chillers 
The 3 chillers of the installation are silica gel/water adsorption chillers from Mayekawa (Type 
Mycom ADR100). A dynamic model has been implemented in the simulation environment INSEL 
[2,5]. The model is based on the work of Saha et al. [6] and has been improved using the approach 
of Wang [7] in order to describe better the dynamic of the cooling/heating fluids during the bed 
switching. Therefore an additional node has been used for the heat transfer fluids flowing in the 
adsorber, desorber, condenser and the evaporator. The silica-gel/water equilibrium model based on 
Henry’s law equation derived by Ng [8] was used to describe the adsorption/desorption process. 
The model was compared with measurement data (in 10 seconds time interval) for different 
operating conditions (fig. 2,3). 
 

 
Fig. 2: Comparison measured / simulated values adsorption with nominal hot water flow rate 
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Fig. 3: Comparison measured / simulated values adsorption with reduced hot water flow rate 

 
The results show good agreement between measured and simulated values. The error regarding the 
cooling capacity is in the range of 1-2% and the error regarding the COP is around 4-5%. 
 
2.2. Wet closed cooling towers 
For the heat rejection of the 3 chillers, the installation is equipped with 3 wet closed cooling towers 
from Baltimore (Type BAC VXI 215). The approach of Stabat [9] has been used for modelling the 
cooling tower. The parameters needed for the model have been fitted with measurement data. The 
model was compared for different operating conditions of the cooling tower: dry/wet regimes and 
different fan speed controls (fig.4, 5). 
 

 
Fig.4: Full fan speed control of the cooling tower for dry and wet regimes 
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Fig.5: Reduced fan speed control of the cooling tower for dry and wet regimes 

 
The results show good agreement between simulated and measured values. Nevertheless, it can be 
seen that when the cooling tower switch from dry to wet regime, it takes time until the heat 
exchanger is completely wet (or dry) which results in a time delay for the cooling effect. The 
model does not take into account this time constant. This explains the deviation between model and 
measurements when the spray pump starts (or stops). The electrical consumption of the fans is 
simulated with the affinity law (1) according to Cohen [10]. 
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3. Methodology 
3.1. Fan speed control 
In order to show the optimisation potential in electricity reduction of the cooling towers, different 
control strategies of fan speed control have been simulated for one example morning from 8:00h 
until 12:00h (12th June 2010). During this period, only one chiller and one cooling tower were 
operated. The measured temperatures of inlet hot and chilled water are used as inputs in the model. 
Therefore, no interactions are considered between the chillers and these two loops. This 
approximation is justifiable since both loops have enough inertia to absorb the small temperature 
changes due to cooling tower control modifications. Table 1 shows the different cases simulated. 
 

Table 1: Cases simulated for fan speed control 
 Fan speed control Spray pump 

control 
Control explanation 

Case 0 Reference (100%) Reference (ON) -- 
Case 1 Constant 80 % Always ON -- 
Case 2 Constant 50 % Always ON -- 
Case 3 Controlled with 

adsorption/desorption 
cycles 

Always ON 100% when the temperature difference 
between outlet and inlet is higher than 6°C 

60 % otherwise 
 

Case 0 corresponds to the reference control that is currently implemented. This case has been 
simulated and compared with measurements (Table 2) 
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Table 2: Reference case 
 Cooling 

energy 
(kWh) 

Electrical 
consumption 
cooling tower 
(kWh) 

Total electrical 
consumption of 
the system 
(kWh) 

Thermal 
COP (-) 

Electrical 
COP (-) 

Mean 
cooling 
power 
(kW) 

Measurement 895.1 184.7 307.9 0.51 2.91 231.3 
Simulated 908.0 185.1 308.5 0.45 2.94 234.6 
 
For simplicity, the total electricity consumption is estimated knowing that the cooling tower 
consumption represent around 60% of the total consumption [1]. Therefore, the electricity 
consumption of the rest of the system (everything excluding cooling towers) is calculated once for 
this period (123 kWh) and is assumed to be constant for the other cases. 
 
3.2. Buffer store 
Measurement data analysis shows that the batch operation of the adsorption chiller creates 
instability in the control of the cooling tower. Due to rapid temperature drop in the return water of 
the cooling tower, the set point temperature (around 19°C) is reached and both fan and spray pump 
are stopped. The control hysteresis makes that the cooling tower does not have enough cooling 
power to reject the heat when the next “hot water” wave comes (fig. 6). This results in an 
efficiency decrease of the chiller since the adsorber is actually heated instead of being cooled. 

 
Fig 6: Undesirable cooling effect control effect due to adsorption/desorption cycle (measurements) 

 
To avoid this problem by smoothing the temperature wave, a buffer store can be put between the 
outlet cooling water of the chiller and the cooling tower (fig.1). Again, different cases have been 
simulated for this period (13/06/2010) as shown in table 3. 
 

Table 3: Simulated cases with buffer store 
 Fan speed control Spray pump control Buffer store 

Reference Real Real No 
Case a Real Real Yes (1m³) 
Case b Real Real Yes (5m³) 
Case c Constant 75% Always ON No 
Case d Constant 75% Always ON Yes (5m³) 
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4. Results and discussion 
4.1. Fan speed control 
The main results of the simulations are shown in figure 7 and table 4. 
 

 
Fig. 7: Cooling energy produced and electrical performance for fan speed control 

 
Table 4: Main results of the fan speed control simulation studies 

 Cooling 
energy 
produced 
(kWh) 

Electrical 
consumption 
due to 
cooling 
tower (kWh) 

Total 
electrical 
consumption 
(kWh) 

Electrical 
COP (-) 

Chiller 
thermal 
COP (-) 

Mean 
cooling 
power 
(kW) 

Mean inlet 
cooling 
temperature 
(°C) 

Ref 908.0 185.1 308.5 2.9 0.45 234.6 21.2 
Case 1 862.4 102.6 226.0 3.8 0.44 222.9 22.0 
Case 2 773.3 36.8 160.1 4.8 0.42 199.9 23.4 
Case 3 826.0 74.1 197.5 4.2 0.44 213.5 22.6 
 

The results show that reducing the fan speed by only 20% lead to an increase of the electrical COP 
of around 30% without reducing much the cooling capacity (5%). A more advanced control of the 
fan speed based on the adsorption/desorption cycle can lead to an increase of the electrical COP of 
above 40%. Of course, this has to be paid by a decrease of the cooling energy produced (9%). In 
order to increase the cooling capacity, it is better, from an energetic point of view, to increase the 
flow rate or the temperature of the hot water side (if solar or waster heat is available) than increase 
the fan speed. 
 
4.2. Buffer store 
The main results of the simulations are shown in figure 8 and table 5. Figure 9 shows the effect of 
the buffer (5m³) on the cooling temperatures by keeping the same cooling tower control (reference 
and case b). 
 

  
Fig. 8: Cooling energy produced and electrical performance for buffer store 
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Table 5: Main results of the buffer store simulation studies 
 Cooling 

energy 
produced 
(kWh) 

Electrical 
consumption 
due to 
cooling 
tower (kWh) 

Total 
electrical 
consumption 
(kWh) 

Electrical 
COP (-) 

Chiller 
thermal 
COP (-) 

Mean 
cooling 
power 
(kW) 

Mean inlet 
cooling 
temperature 
(°C) 

Ref 235.3 40.4 67.4 3.49 0.41 201.2 20.9 
Case a 237.4 40.4 67.4 3.52 0.41 203.0 20.8 
Case b 237.7 40.4 67.4 3.53 0.41 203.3 20.8 
Case c 239.1 26.4 44.0 5.4 0.41 204.5 20.7 
Case d 240.8 26.4 44.0 5.5 0.41 205.9 20.7 
 

 
Fig. 9: Effect of the buffer store (5 m³) on the cooling temperature 

 
The use of a buffer store does not improve the global performance significantly but it smoothes the 
temperature fluctuation which makes more stable both chiller operation and control of the cooling 
tower. Then a simple control (constant fan speed) allows to increase both chiller performance and 
reduce the electricity consumption (case d). 
 

5. Primary energy savings 
For each case, knowing the electricity savings, the specific primary energy savings can be 
calculated. Using the primary energy factor for electricity mix of Europe/Germany (generally 2.4 
kWhPE / kWhel), the specific primary energy savings can be deduced (fig.10) 
 

  
Fig. 10: Specific primary energy savings for different simulated cases 

0

50

100

150

200

250

0

5

10

15

20

25

30

35

0
5

:1
9

0
5

:2
1

0
5

:2
3

0
5

:2
5

0
5

:2
7

0
5

:2
9

0
5

:3
2

0
5

:3
4

0
5

:3
6

0
5

:3
8

0
5

:4
0

0
5

:4
2

0
5

:4
5

0
5

:4
7

0
5

:4
9

0
5

:5
1

0
5

:5
3

0
5

:5
5

0
5

:5
8

0
6

:0
0

0
6

:0
2

0
6

:0
4

0
6

:0
6

0
6

:0
8

0
6

:1
1

0
6

:1
3

0
6

:1
5

0
6

:1
7

0
6

:1
9

0
6

:2
1

0
6

:2
4

0
6

:2
6

0
6

:2
8

Fa
n

 s
p

e
e

d
 f

re
q

u
e

n
cy

 c
o

n
tr

o
l [

%
]

Te
m

p
e

ra
tu

re
 [

°C
] 

-
sp

ra
y

 p
u

m
p

 c
o

n
tr

o
l [

0
/1

]

Fan speed control
Spray pump control

Tcool,in

(before

buffer)

Tcool,out

(after cooling tower)

withoutbuffer

with buffer (5 m³)

0.00

0.20

0.37

0.27

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

Ref. case1 case2 case3

S
p

e
ci

fi
c 

P
E

 s
a

v
in

g
s 

[k
W

h
P

E
/k

W
h

co
o

li
n

g
]

0.00 0.01 0.01

0.15 0.15

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

Ref Case a Case b Case c Case d

S
p

e
ci

fi
c 

P
E

 s
a

v
in

g
s 

[k
W

h
P

E
/k

W
h

co
o

li
n

g
]



6. Conclusions 
High electricity consumption due to heat rejection is a common problem for solar cooling plants. 
good control of the cooling tower (fan speed) is essential in order to achieve primary energy 
savings. Closed adsorption cooling requires a special care sinc
maybe causes instability of the heat rejection control which can lead to a decrease of the chiller 
performance as well as an increase in electricity consumption. The practical example of the Festo 
plant shows that the electrical COP can be increased up to 30
cooling tower control and this
the chiller and the cooling tower can be used for a more stable 
rejection control. Specific primary energy savings up to 0.25 kWh
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