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Abstract.  The development of thermal systems for 
supermarkets is a challenging task. Both, heating and 
cooling demands at different temperature levels have to 
be satisfied under individual boundary conditions. In 
combination with a broad range of available technolo-
gies and components, a high number of possible system 
layouts exist. Thus, various types of refrigeration systems 
can be found in supermarkets: Central refrigeration 
systems with one or two stages and direct evaporation, 
central systems with a secondary loop or systems with 
(semi)-plug-in-cabinets. The system topology and operat-
ing strategy depend on climate conditions, building scale, 
customer’s occupancy or evaluation criteria. In practice, 
established solutions based on experience are used. 
However, comparing all alternative concepts is difficult. 
Beside the consideration of investment costs, it is essen-
tial to evaluate the energy consumption. For the calcula-
tion of energy consumption, considering dynamic inter-
actions between components is crucial. 
To compare different system layouts under considera-
tion of dynamic interactions, an optimal operating con-
trol has to be applied. Furthermore, the high number of 
possible topologies makes it necessary to reduce the 
complexity for the selection of components and their 
interconnections. Therefore, software based methods 
are needed to efficiently reduce complexity and evaluate 
system alternatives in a dynamic environment.  
This paper presents a procedure that supports the user 
to find an optimal system topology under individual 
conditions. As an example, a secondary-loop refrigera-
tion system with low and medium temperature cabinets 
is applied.  

The user defines ambient conditions and requirements 
such as cooling load and temperature setpoints. Addi-
tionally, a set of transient, non-linear models for availa-
ble technical equipment is defined. The parametrized, 
ready-to-use models are managed in a catalogue plat-
form. In the catalogue, additional information is stored, 
like valid operational ranges, which is used during opti-
mization. On this information basis, an algorithm deduc-
es a reasonable refrigeration system layout. Intermedi-
ate result is a ready-to-simulate system. It contains only 
catalogue models that have physical reasonable inter-
connections. Subsequently, the system’s fluid flow rate of 
each connection is optimized. The result of the optimiza-
tion is used for evaluation of the system layout and fur-
ther reduction of its topology. 
The paper shows, that using simple input information, 
the complexity of the optimization problem can be ex-
tremely reduced. The suggested procedure is capable to 
deploy an optimal system topology under consideration 
of non-linear dependencies. 

Introduction
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Figure 1: Employed procedure for system synthesis and 
optimization. The synthesis uses a well-suited 
information basis to find physical reasonable 
interconnections. The synthesized ready-to-
simulate system model is optimized. 

3 Information Basis for System 
Synthesis 

3.1 Catalogue models 

Figure 2: Catalogue models available for the system syn-
thesis. The models for the cabinets are as-
sumed to be part of the requirement. All other 
components are optional. 

3.2 Requirements and specifications 

4 Synthesis of a Secondary-loop 
Refrigeration System 
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4.1 Thermal analysis to find reasonable 
interconnections 

Figure 3: Simplified view of combined meta data as in-
formation basis for system synthesis. 
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Figure 4: Example for system synthesis algorithm. Start-
ing at the outlet of the MT cabinet, a valid flow 
connection to the condenser of the LT refrig-
eration cycle is found. From there other valid 
connections are found until the loop is closed. 
Estimated temperatures of the stream are dis-
played along the blue lines. 

4.2 Integration of hydraulic components 

5 Optimization of the 
Synthesized System 



Kistner  et al.   Approach for Synthesis and Optimization of Complex Thermal Systems 

SNE 29(2) – 6/2019 97

T N 
5.1 Optimization problem and algorithm 

Cost function and constraints.

Figure 5: System evaluation during optimization.  
Optimization parameters are the mass flow 
rate inputs ( ) for all pumps in the hydraulic 
system. Calculated variables for electrical 
power consumption ( ), temperatures ( ) and 
dependent mass flow rates ( ) are part of 
the cost function. 

 

5.2 Optimization results 
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Figure 6: Detail of one local search at 20 °C ambient 
temperature. After elimination of the con-
straint penalties, the cost function value 
equals the power consumption. After 800 
evaluations, a set of parameters is found that 
represents a better operating strategy. 

Figure 7: Optimized mass flow rates at 20 °C ambient 
temperature. The mass flow rate that flows 
from the evaporator of the MT refrigeration 
cycle to the condenser of the LT refrigeration 
cycle is completely passed on to the MT  
cabinet without direct return. 

Figure 8: Optimized mass flow rates at -5 °C ambient 
temperature. MT refrigeration cycle is 
switched off. The LT refrigeration cycle and the 
MT cabinet are cooled via outdoor unit. A big 
amount of working fluid at the condenser  
outlet is passed on to the MT cabinet. 

6 Derivation of System Layout 
Reduction 



Kistner  et al.   Approach for Synthesis and Optimization of Complex Thermal Systems 

SNE 29(2) – 6/2019 99

T N 

Figure 9: Optimized mass flow rates at 5 °C ambient 
temperature. The LT refrigeration cycle could 
be cooled only via outdoor unit. Thus, the red 
interconnections could be eliminated with al-
most the same electrical energy consumption. 
The path with pump 10 could be eliminated 
anyway. The reduced system layout is valid for 
all considered ambient temperatures. 

7 Conclusion 

Acknowledgements 
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