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• With the technology advancement 
in CSP plants, the once - through 
cooling system has been neglected, 
due to a large amount of water 
passing through the condenser 
during operation.

Background information
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• In South Africa, 8 % of water is used 
in large industries and power 
generations, 18 % of water for rural 
and urban use, and 62 % of water 
resources are used for agriculture 
and irrigation (Roux et al. , 2012). 

Background information
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• Agriculture and irrigation sector in 
South Africa consume more water 
resources than other sector.

• Low thermal efficiency in CSP plant 
using air - cooled system

Problem statement
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• To analyze the possibility of 
diverting water that passed through 
a condenser to agricultural purposes 
or not.

• To compare the improved thermal 
efficiency against condenser fouling 
factor. 

Aims and objectives
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• To compare the improved thermal 
efficiency against air - cooled 
efficiency. 

• To identify the agricultural 
constraints.

Aims and objectives
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Modelling
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Modelling
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Orange river temperature
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Modelling assumptions
• Steam pressure at outlet steam 

generator = 130 MPa
• Steam temperature at outlet steam 

generator = 540 ℃
• Re h e a t  t e m p e ra t u re  = 540  ℃
• Ele c t ric  Ge n e ra t o r e ffic ie n c y = 0 .98
• In le t  c o o lin g  w a t e r t e m p e ra t u re  = 21.1 ℃
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Modelling assumptions
• Feed - water heater at inlet steam 

generator = 130 MPa
• Feed - water heater temperature at inlet 

steam generator = 220 ℃
• Te m p e ra t u re  rise  a c ro ss  e a c h  fe e d -

w a t e r h e a t e r a re  e q u a l
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Modelling assumptions
• Total power output at the electric 

generator = 50 MW e

• Exit pressure pump (P2) is equal to 
the Deaerator pressure

• Exit pressure pump (P2) is equal to 
the inlet pressure at the steam 
generator
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Modelling assumptions
• The efficiency of high pressure turbine 

= 0.90
• The efficiency of intermediate pressure 

turbine = 0.85
• The efficiency of low pressure turbine = 

0.82
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Modelling
• Steam generator

• Turbine 

• Feed pump

ℚ𝑆𝑆𝑆𝑆 = 𝑚̇𝑚𝐹𝐹1 ℎ𝑆𝑆𝑆𝑆𝑆𝑆 − ℎ𝐹𝐹1 ℚ𝑅𝑅𝑅𝑅 = 𝑚̇𝑚𝑆𝑆𝑆𝑆𝑆𝑆 ℎ𝑅𝑅𝑅𝑅 − ℎ𝑆𝑆𝑆𝑆
𝑚̇𝑚𝑠𝑠 𝐶̅𝐶𝑝𝑝𝑝𝑝 𝑇𝑇𝑖𝑖𝑖𝑖 − 𝑇𝑇𝑜𝑜𝑜𝑜 = 𝑚̇𝑚𝐹𝐹1 ℎ𝑆𝑆𝑆𝑆𝑆𝑆 − ℎ𝐹𝐹1 + 𝑚̇𝑚𝑆𝑆𝑆𝑆 ℎ𝑅𝑅𝑅𝑅 − ℎ𝑆𝑆𝑆𝑆

𝑤𝑤𝐻𝐻𝐻𝐻𝐻𝐻 = 𝑚̇𝑚𝑆𝑆𝑆𝑆 ℎ𝑆𝑆𝑆𝑆𝑆𝑆 − ℎ𝑆𝑆𝑆𝑆 + 𝑚̇𝑚𝑆𝑆𝑆𝑆𝑆𝑆 ℎ𝑆𝑆𝑆𝑆𝑆𝑆 − ℎ𝑆𝑆𝑆𝑆𝑆𝑆
𝑤𝑤𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑚̇𝑚𝑆𝑆𝑆𝑆 ℎ𝑅𝑅𝑅𝑅 − ℎ𝑆𝑆𝑆𝑆 + 𝑚̇𝑚𝑆𝑆𝑆𝑆 ℎ𝑅𝑅𝑅𝑅 − ℎ𝑆𝑆𝑆𝑆
𝑤𝑤𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑚̇𝑚𝑆𝑆𝑆𝑆 ℎ𝑆𝑆𝑆𝑆 − ℎ𝑆𝑆𝑆𝑆 + 𝑚̇𝑚𝑆𝑆𝑆𝑆𝑆𝑆 ℎ𝑆𝑆𝑆𝑆 − ℎ𝑆𝑆𝑆𝑆𝑆𝑆

𝑤𝑤𝑃𝑃1 = 𝑚̇𝑚𝐹𝐹3 ℎ𝐹𝐹2 − ℎ𝐹𝐹3
𝑤𝑤𝑃𝑃2 = 𝑚̇𝑚𝐹𝐹6 ℎ𝐹𝐹5 − ℎ𝐹𝐹6
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Modelling
• Feed - water heater

• Thermal efficiency

𝑇𝑇𝑟𝑟 =
𝑇𝑇𝐹𝐹1 − 𝑇𝑇𝐹𝐹5
𝑁𝑁𝑓𝑓𝑓𝑓𝑓

𝑚̇𝑚𝑆𝑆𝑆𝑆𝑆𝑆 ℎ𝑆𝑆𝑆𝑆𝑆𝑆 − ℎ𝐶𝐶𝐶𝐶1 = 𝑚̇𝑚𝐹𝐹2 ℎ𝐹𝐹1 − ℎ𝐹𝐹2

𝑚̇𝑚𝐹𝐹3 ℎ𝐹𝐹3 = 𝑚̇𝑚𝐹𝐹4 ℎ𝐹𝐹5 + 𝑚̇𝑚𝐶𝐶𝐶𝐶1 ℎ𝐶𝐶𝐶𝐶1 + 𝑚̇𝑚𝐶𝐶𝐶𝐶2 ℎ𝐶𝐶𝐶𝐶2 + 𝑚̇𝑚𝑆𝑆𝑆𝑆 ℎ𝑆𝑆𝑆𝑆
𝑚̇𝑚𝑆𝑆𝑆𝑆𝑆𝑆 ℎ𝑆𝑆𝑆𝑆𝑆𝑆 − ℎ𝐶𝐶𝐶𝐶2 = 𝑚̇𝑚𝐹𝐹5 ℎ𝐹𝐹4 − ℎ𝐹𝐹5

𝜂𝜂𝑡𝑡 =
𝑊𝑊𝑛𝑛𝑛𝑛𝑛𝑛
ℚ𝑇𝑇

𝑊𝑊𝑛𝑛𝑛𝑛𝑛𝑛 = 𝑤𝑤𝑇𝑇 − 𝑤𝑤𝑇𝑇𝑇𝑇
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Condenser m odelling
𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐 =

ℚ𝑚𝑚𝑚𝑚𝑚𝑚
𝑚̇𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑝𝑝,𝑐𝑐𝑐𝑐

+ 𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐
∆𝑇𝑇𝐶𝐶,𝑤𝑤= 𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐

𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑠𝑠 − 𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐
𝐼𝐼𝐼𝐼𝐼𝐼 = 𝑇𝑇𝑠𝑠 − 𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐 Cooling water output temperature = 28.1 ℃

Terminal temperature difference = 5 ℃
Change in cooling water temperature = 7 ℃

𝑅𝑅𝑓𝑓𝑓𝑓′′ = 𝜋𝜋𝑑𝑑1𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒 �
𝑇𝑇𝐶𝐶,𝑠𝑠𝑠𝑠 − 𝑇𝑇𝐶𝐶,𝑤𝑤𝑤𝑤 − 𝑇𝑇𝐶𝐶,𝑠𝑠𝑠𝑠 − 𝑇𝑇𝐶𝐶,𝑤𝑤𝑤𝑤

ℚ𝐶𝐶,𝑚𝑚 ln
𝑇𝑇𝐶𝐶,𝑠𝑠𝑠𝑠 − 𝑇𝑇𝐶𝐶,𝑤𝑤𝑤𝑤
𝑇𝑇𝐶𝐶,𝑠𝑠𝑠𝑠 − 𝑇𝑇𝐶𝐶,𝑤𝑤𝑤𝑤

−
𝜋𝜋𝑑𝑑2𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑘𝑘𝑓𝑓𝑓𝑓
𝑑𝑑3 − 𝑑𝑑2

𝑁𝑁𝑁𝑁𝑠𝑠
−1

−
ln 𝑑𝑑2

𝑑𝑑1
2𝜋𝜋𝑘𝑘𝑡𝑡𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒

− 𝜋𝜋𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒𝑘𝑘𝑓𝑓𝑓𝑓

𝑓𝑓𝐷𝐷
8 𝑅𝑅𝑅𝑅𝑤𝑤𝑃𝑃𝑃𝑃𝑤𝑤

1 + 12.7 𝑓𝑓𝐷𝐷
8

0.5
𝑃𝑃𝑃𝑃 ⁄2 3 − 1

−1
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Results
Units Once-through cooling Air-cooled

Energy supplied to steam generator kJ/kg 104719.3 111555.2

Efficiency % 47.7 44.8

Mass flow rate kg/s 35.54 37.86

Power output MWₑ 50 50

Units Once-through cooling Air-cooled

Energy supplied to steam generator kJ/kg 104719.3 104719.3

Efficiency % 47.7 44.8

Mass flow rate kg/s 38.98 38.98

Power output MWₑ 50 47
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Results

0

10

20

30

40

50

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

O
ut

le
t t

em
pe

ra
tu

re
 [°

C]

Fouling factor [W/K]



20concentrating.sun.ac.za
sterg@sun.ac.za

visit
contact

Results
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Results

• Agricultural constraint includes 
government policy, water demand 
and water temperature
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Conclusion

• Once through cooling could be used  
to increase the CSP plant 
performance and at the same use 
the discharge water for agricultural 
purposes.
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