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Abstract
A computational model of a "solar thermal utilization system" was constructed, and a case study was conducted 

using simulation to evaluate the system from both the energy concept and the exergy concept. As a result, the following 

findings were obtained. It was confirmed that the exergy concept can quantitatively evaluate the difference in resource 

value (quality) due to the temperature of hot water. Even when the values and ratios of exergy supply and utilization 

were the same, there were cases where the exergy input to the power plant differed greatly. The importance of operating 

with the minimum necessary flow rate (flow velocity) when utilizing natural exergy was suggested.
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Fig. 1 Target solar heat utilization system.
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(a) primary side only. 

 
(b) Constructed analysis model. 

 
Fig.2 System diagram of solar heat utilization system. 

 
Table 1 τ α

9) 11) 0.9 0.95×
0.95 Kc

Ko

12) 14) Kc Ko

1.8 W/ m2 K 2.0 W/ m2 K
KT

0.355 W/ m2 K
tox

26.5℃
10

10  
 

Table 1 Constants given in the calculation. 
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Fig. 3 Changes in measured and calculated heat collector outlet 
temperatures over time.

Fig. 4 Relationship between measured and calculated heat 
collector outlet temperatures.
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Fig. 5 Changes in measured and calculated values over time.
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 Collector inlet and Heat storage tank. 
 

 Boiler inlet and Heat storage tank. 
 

Fig. 6 Relationship between measured and calculated values. 
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Fig. 7 Fig. 2(b)
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Fig. 7 System assumed in analysis. 
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2 2
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Case 3 8 3
 

 
Table 2 Comparison cases. 
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Fig. 8 Average temperature for the month from November 24 to 
December 24, 2022. (* indicates the heat storage tank 
temperature excluding data when the heat collection pump was 
stopped.) 
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Fig. 9 Energy collected by the collector, energy input to the 
collector pump and primary pump. 

 
Fig. 10 Exergy collected by the collector, exergy input to the 
collector pump and primary pump. 

 
Fig. 11 Fig. 12

5
 

Fig. 11
Case 1 Case 4

699 MWh
Case 1 146 

MWh 21% Case 2 155 MWh 22% Case 3
269 MWh 38% Case 4 270 MWh 39%
Case 1 Case 2 Case 3 Case 4 Case 1
Case 2

Case 2 Case 3
2 Case 3 Case 4

2  
Fig. 12

Case 1 Case 2 62 MWh 63 MWh
Case 3 Case 4 84 MWh Case 

3 Case 4 Case 1 Case 2 Case 1
Case 4 T

7 Case 3 Case 4 Case 1 Case 2

Case 3 Case 4

Case 1 18 MWh 31%
Case 2 19 MWh 30% Case 3 49 MWh 58%
Case 4 50 MWh 60% Fig. 11 Case 3
Case 4

Fig. 12 Case 3 Case 4
Case 3 Case 4

40
Fig. 8

 
 

 
Fig. 11 Energy supplied from the heat storage tank, energy 
supplied from the boiler, and energy used in the heat load system. 

 
Fig. 12 Exergy supplied from the heat storage tank, exergy 
supplied from the boiler, and exergy used in the heat load system. 
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Fig. 13 Thermal energy supply and utilization over time.

Fig. 14 Thermal exergy supply and utilization over time.
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Fig. 15 Energy and Exergy of heavy oil fed into a boiler.
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