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In combined cycle power plants, the condenser has a significant impact on thermal 
efficiency. The impact of rising seawater temperatures and flow loss due to fouling on 
condenser performance is investigated in this paper, which uses a case study from an 
Indonesian coastal power plant with a 230.3 MW Heat Recovery Steam Generator. A 
computational fluid dynamics (CFD)-based simulation was used to assess condenser 
heat duty, pressure, and cooling water (CW) characteristics at different seawater input 
temperatures (30°C, 31°C, 32°C) and flow rates (100%, 90%, and 80% of nominal flow). 
With higher CW temperature and lower flow, condenser heat absorption and 
generator output decrease consistently, but condenser pressure rises significantly. At 
32°C input temperature and 80% CW flow, condenser pressure rose to 0.098 bara, but 
output fell to 229.41 MW. The CFD model successfully incorporates real-time plant 
data to represent dynamic interactions between temperature, fouling, and system 
performance, resulting in an adaptive evaluation framework appropriate for tropical 
regions with highly changeable marine conditions. This study emphasises the need of 
real-time monitoring and predictive modelling in mitigating performance degradation 
owing to environmental and operational stressors. 
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1. Introduction 
 

Power plants, the primary global electricity source for 200 years since their 19th century 
development, continue supporting 1.5% annual energy demand growth  [1,2]. A steam power plant 
generally comprises a feedwater tank equipped with a deaerator, a high-pressure steam boiler, high- 
and low-pressure steam turbines, and a water-cooled condenser, all connected sequentially within a 
closed-loop configuration [3].  In steam power plants, the condenser serves as a performance-critical 
component that significantly impacts system efficiency [4]. The efficiency and performance of 
thermal power plants are significantly influenced by the operational conditions of key components, 
with the condenser being one of the most critical. The condenser performs the critical function of 
recovering turbine exhaust steam by converting it back to liquid condensate, which is then reheated 
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and reintroduced into the thermal cycle [5]. The condenser's operating pressure results from the 
dynamic interaction of several parameters: cooling water mass flow, inlet temperature [6], fouling 
conditions [7] and turbine exhaust flow. These factors critically influence not just condenser 
efficiency but the entire system's thermal performance and power generation capacity [5].  Fouling 
in condenser tubes creates substantial operational and economic challenges for power stations. The 
fouling always grows with time, which contributes to the condenser’s performance degradation, 
carried out researches on the fouling growth on the condenser water side wall and analyzed the 
characteristics of the fouling deposit, the effect of the working time and the cooling water’s velocity. 
Condenser fouling is the appearance of deposits on the inside of the tubes. In general, fouling causes 
important operation and maintenance problems in facilities in contact with seawater, among them, 
those of the maritime sector, aquaculture, offshore utilities, etc. This fouling has negative 
consequences for the efficiency of the power plant and therefore for its economic balance [8]. 

As a very important performance indicator of a condenser, the cleanness coefficient reflects the 
fouling level of the condenser water-side wall, and it is an important part of the overall heat transfer 
coefficient of the condenser. The change of the cleanness coefficient will have a great effect on the 
optimization of operation and improvement of the cooling water circulation system [9]. 

Mariusz Markowski et al., [10] proposed a new method for online measurement of fouling 
thermal resistance in shell and tube heat exchangers, which can be applied when the pressure, 
temperature, mass flow rate, and thermal physical property data of two heat exchange media are 
continuously available, and a sensitivity analysis was conducted on this method. Furthermore, the 
cooling water (CW) temperature at the condenser inlet fluctuates according to seasonal changes in 
air and seawater conditions, following the natural annual temperature cycle of the intake system. In 
tropical coastal regions like Indonesia, these temperature fluctuations can be more significant due to 
changes in sea surface temperature influenced by climate patterns, tides, and oceanographic factors. 

This study investigates of effect of increasing seawater temperature and the drop in cooling water 
(CW) flow rate—mainly as a result of fouling—on the thermal performance of combined cycle 
condensers is the objective of this study. A heat recovery steam generator (HRSG) capacity of 230.3 
MW, a power plant in Indonesia is chosen as a case study where the performance is simulated using 
a CFD-based modelling tool. Analytical parameters assessed include heat transfer rate, condenser 
pressure, and the CW velocity, along with overall flow rate.  A computational framework was 
constructed to establish dynamic relationships between heat transfer coefficients, thermal loads, 
system efficiency, and CW circulation measures. Unlike previous models that rely on set empirical 
constants, the proposed method provides real-time performance prediction utilizing existing factory 
data, such as CW inlet temperature and flow rate. This model's dynamic nature allows for adaptive 
performance assessment under a variety of ambient and operating conditions, which is especially 
useful in tropical coastal locations where seawater temperature and fouling often vary. 
 
2. Methodology  
2.1 System Model 

 
In this study, the simulated system is based on a heat recovery steam generator (HRSG), operating 

along Indonesia's coast, with a heat recovery steam generator (HRSG) capacity of roughly 230.3 MW. 
The plant's configuration includes a heat recovery steam generator (HRSG) and a steam turbine (ST) 
with stages for high-pressure (HP) and low-pressure (LP). The condenser, which served as a shell and 
tube heat exchanger, is an important part of the lower steam cycle. Steam discharged from the LP 
turbine and entered the shell side of the condenser, while seawater, used as cooling water (CW) that 
flowed through the tube side via tube sheets. The condenser is equipped with 15,600 welded tubes 
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made from titanium, providing high resistance to corrosion and biofouling in a marine environment. 
The total heat exchange surface area is approximately 13667.6 m². Under nominal operating 
conditions, the condenser pressure is maintained at 85 mbara or 0.085 bara, with a CW inlet 
temperature of 30°C and CW inlet flow 15035 kg/s. Detailed illustrated heat recovery steam 
generator (HRSG) with Condenser and thermal design specification are presented in Table 1, and the 
schematic layout of the condenser configuration is illustrated in Figure 1. illustrated heat recovery 
steam generator (HRSG) with condenser. 

 

 
Fig. 1. Illustration of heat recovery steam generator (HRSG) with condenser 

 
Table 1 
Specification of the condenser  
Name Value 
Type Steam surface condenser 
Surface area 13667.6 m2 
Heat Duty design 0.46982×109 W 
Exhaust pressure 85 mbar(abs) 
Cooling water Flow 15035 kg/s 
Cooling water Temperature 30 degC 
Vacuum 85 mbar (abs) 

 
2.2 Thermal Performance Analysis 
 

The condenser, a large shell-and-tube heat exchanger, plays a critical role in the thermodynamic 
cycle by facilitating the phase transition of steam from vapor to liquid. As external cooling water flows 
through thousands of tubes within the condenser, it carries away the latent heat released during 
condensation [11]. Maintaining low pressure in the condenser is essential for operational efficiency 
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and is made possible through this continuous heat rejection. The thermal energy absorbed by the 
cooling water reflects not only a transfer of energy, but also humanity’s broader challenge to manage 
energy sustainably while minimizing environmental impact. The rise in the cooling water's 
temperature and its mass flow rate [12] correspond directly to the heat removed from the system, 
governed by: 

 
The calculation is based on the thermal balance of the steam condenser [13], calculated from Eq. 

(1): 
 

𝑄̇⬚=	𝑚̇"# 	(𝐶$)	"# 	(𝑇"#&'( − 𝑇"#)*)) = 	 	𝑚̇+	(ℎ+ − ℎ"&*,)		        (1) 
 
Based on the equation, the value of cooling water heat absorption is obtained with the following 

Eq. (2) [7]: 
 

𝑄̇-#=	𝑚̇"# 	(𝐶$)	"# 	(𝑇"#&'( − 𝑇"#)*))	                                  (2)                                                                                  
  

	𝑚̇"#    = Cooling water mass flow rate (kg/s) 
	(𝐶$)	"# = Specific heat of water (4.18 kJ/kg°C) 
𝛥𝑇"#    = Temperature rise of cooling water (°C) 
	𝑚̇+    = Steam mass flow rate (kg/s) 
ℎ+    = Enthalpy of inlet steam (kJ/kg) 
ℎ"&*,     = Enthalpy of condensate (kJ/kg) 

 
Another relation for Q defines the problem completely. These deposits have low thermal 

conductivity and therefore result in lower overall conductance (UA) as well as effectiveness of the 
heat exchanger [14]. If the surface area of the condenser tubes is A and the overall heat transfer 
coefficient is U, then Q can be expressed as eq. (3) [15,16] : 

 
𝑄̇⬚=U	A	Δ𝑇.*                                     (3)     

 
U =Heat Transfer Coefficient (W/m2K) 
A =Heat transfer surface area (m²) 
Δ𝑇.*  =Log Mean Temperature Difference (°C) 

 
The logarithmic mean temperature difference (LMTD) is [17], calculated from Eq. (4): 
 

Δ𝑇.* =	
(0!10"#$%)1(0!10"#&'()

34
(*!+*"#$%)
(*!+*"#&'()

                        (4) 

 
𝑇+   = Saturation temperature of steam (°C) 
𝑇"#&'(/𝑇"#)* = outlet/inlet CW temperatures (°C) 

 
Inside overall heat transfer coefficient with fouling: The inside overall heat transfer coefficient of 

seawater, U changes as a function of both temperature and fouling factor [18]. The heat transfer 
coefficient U can be estimated as Eq. (5) [6]. 
 
U : U1×FW×FM×FC [9]                        (5) 
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U			: Heat Transfer Coefficient (W/m2K)   
U1   : Uncorrected Heat Transfer Coefficients（Figure.1） 
FW ： Inlet Water Temperature Correction Factor（Figure.2） 
FM ： Tube Material and Gauge Correction Factor（Table.3） 
FC  ： Cleanliness Factor 

 
The factors FW and U1 depend dynamically on the problem and have to be evaluated within the 

problem domain, whereas FM is a constant. Cleanliness factor (Fc) can be treated as a constant for 
the problem. Eqs. (1)e(3) need to be solved consistently to generate the heat load on the condenser. 
To address this issue, knowledge of the following inputs is required: enthalpy and mass flow rate of 
steam from turbine output and additional sources, inlet water temperature of the cooler, specific 
heat, and condenser parameters U1, FW, FM, FC, and A. 

 
2.3 Variations in inlet CW temperature 

 
Condenser efficiency is strongly influenced by variations in seawater input temperature [11], 

which result from annual and seasonal fluctuations in the intake system. Seawater surface 
temperature at Indonesian coastal power facilities can vary by several degrees Celsius over the 
course of a year. These temperature changes influence the temperature gradient across the 
condenser and thus the net heat transfer rate. 

 
2.4 Simulation Scenario 

 
The simulation scenarios in this study were carried out using Professional CFD Software, which 

included real operational data and variation simulated flow, cooling water inlet. Using simulation 
software, the heat recovery steam generator (HRSG) system is modelled with varying cooling water 
inlet temperatures. 

 
i. Simulation and validation using a heat balance of 100%. 
ii. Increase in cooling water inlet temperature and decrease in cooling water inlet flow with 

reference to CW inlet temperature.  
 

The simulation scenarios in this study were carried out using CFD, as shown in Table 2. Variable 
simulation based on cooling water inlet temperature & cooling water inlet flow. 

 
Table 2 
Variable simulation based on cooling water inlet temperature & cooling water inlet flow 
Variable CW In temperature  Variable CW In % flow Flow rate Cooling water (kg/s) 
30 100 % 15035 
30 90 % 13531.5 
30 80 % 12028 
31 100 % 15035 
31 90 % 13531.5 
31 80 % 12028 
32 100 % 15035 
32 90 % 13531.5 
32 80 % 12028 
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3. Results  
3.1 Results and Discussion 

 
Here are the heat recovery steam generator (HRSG) variables at Heat balance 100% data vs 

Simulation. The results Simulation of heat recovery steam generator (HRSG) variables at Heat balance 
100% shown in Figure 2.  

 

 
Fig. 1. Simulated based on data heat recovery steam generator (HRSG) variables at Heat balance 100% 

 
Validation of simulated based of data heat recovery steam generator (HRSG) variables at Heat 

balance 100%, shown in Table 3. Validation of simulated based of data heat recovery steam generator 
(HRSG) variables at Heat balance 100%.  

 
Table 3 
Validation of simulated based of data heat recovery steam generator (HRSG) variables at Heat balance 100%  
 T Cooling 

water 
inlet °C  

T Cooling 
water outlet 
°C 

M Cooling 
water inlet 
kg/s 

Q condenser 
(MW) 

P Condenser 
(bara) 

T Condenser 
°C 

Simulation 30.00 37.48 15035.00 469.42 85.00 42.67 
Data Heat 
Balance or 
Specification of 
Condenser 

30.00 37.80 15035.00 469.82 85.00 42.70 

Validation 0.00% 0.85% 0.00% 0.08% 0.00% 0.08% 
 

Here are the heat recovery steam generator (HRSG) variables at 100% flow rate and cooling water 
inlet temperature variations (30°C, 31°C, and 32°C). The results from the heat balance data and 
condenser simulation with a cooling water inlet flow of 100% or 15035 kg/s and a cooling water inlet 
temperature of 30°C are heat to condenser: 469.42 MW, condenser vacuum: 0.085 bar, and 
generator output: 230.72 MW.  

The results from the heat balance data and condenser simulation with a cooling water inlet flow 
of 100% or 15035 kg/s and a cooling water inlet temperature of 31°C are heat to condenser: 469.01 
MW, condenser vacuum 0.089 bar, and generator output 230.3 MW. The simulation results for the 
cooling water inlet flow at 100% or 15035 kg/s, with a cooling water inlet temperature of 32°C, are 
heat to condenser: 468.71 MW, condenser vacuum: 0.092 bar, and generator output: 229.99 MW. 
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The simulation results for a flow of 100% and variations in cooling water inlet temperature (30°C 3°C, 
and 32°C) are shown in Table 2.  

 
Table 3 
Variable simulation based on cooling water inlet temperature (30°C, 31°C & 32°C) & cooling water inlet flow 
of 100 % or 15035 kg/s 
T Cooling 
water inlet 
°C  

T Cooling 
water outlet 
°C 

M Cooling 
water inlet 
kg/s 

Q condenser 
(MW) 

P Condenser 
(bara) 

T Condenser °C LMTD K 

30.00 37.478 15035 469.423 85.00 42.67 8.377 
31.00 38.471 15035 469.009 89.00 43.55 8.255 
32.00 39.467 15035 468.709 92.00 44.19 7.871 

 
Here are the heat recovery steam generator (HRSG) variables at 90% flow rate and cooling water 

inlet temperature variations (30°C, 31°C, and 32°C). The results from the heat balance data and 
condenser simulation with a cooling water inlet flow of 90% or 13531 kg/s and a cooling water inlet 
temperature of 30°C are heat to condenser: 469.11 MW, condenser vacuum: 0.088 bar, and 
generator output: 230.4 MW.  The results from the heat balance data and condenser simulation with 
a cooling water inlet flow of 90% or 13531 kg/s and a cooling water inlet temperature of 31°C are 
heat to condenser: 468.81 MW, condenser vacuum 0.091 bar, and generator output 230.09 MW.  
The simulation results for the cooling water inlet flow at 90% or 13531 kg/s, with a cooling water 
inlet temperature of 32°C, are heat to condenser: 468.51 MW, condenser vacuum: 0.094 bar, and 
generator output: 229.79 MW.  The simulation results for a flow of 90% and variations in cooling 
water inlet temperature (30°C, 3°C, and 32°C) are shown in Table 4.  

 
Table 4 
Variable simulation based on cooling water inlet temperature (30°C, 31°C & 32°C) & cooling water inlet Flow 
90 % or 13531.5 kg/s 
T Cooling 
water inlet 
°C  

T Cooling 
water outlet 
°C 

M Cooling 
water inlet 
kg/s 

Q condenser 
(MW) 

P Condenser 
(bara) 

T Condenser °C LMTD K 

30.00 38.302 13531.5 469.11 88.00 43.33 8.514 
31.00 39.297 13531.5 468.81 91.00 43.98 8.133 
32.00 40.292 13531.5 468.51 94.00 44.60 7.729 

 
Here are the heat recovery steam generator (HRSG) variables at 80% flow rate and cooling water 

inlet temperature variations (30°C, 31°C, and 32°C). The results from the heat balance data and 
condenser simulation with a cooling water inlet flow of 80% or 12028 kg/s and a cooling water inlet 
temperature of 30°C are heat to condenser: 468.81 MW, condenser vacuum: 0.091 bar, and 
generator output: 230.09 MW.  The results from the heat balance data and condenser simulation 
with a cooling water inlet flow of 80% or 12028 kg/s and a cooling water inlet temperature of 31°C 
are heat to condenser: 468.42 MW, condenser vacuum 0.095 bar, and generator output 229.7 MW.  
The simulation results for the cooling water inlet flow at 80% or 12028 kg/s with a cooling water inlet 
temperature of 32°C are heat to condenser: 468.13 MW, condenser vacuum: 0.098 bar, and 
generator output: 229.41 MW.  The simulation results for a flow of 80% and variations in cooling 
water inlet temperature (30°C, 3°C, and 32°C) are shown in Table 3.  
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Table 5 
Variable simulation based on cooling water inlet temperature (30°C, 31°C & 32°C) & cooling water inlet Flow 
80 % or 12028 kg/s 
T Cooling 
water inlet 
°C  

T Cooling 
water outlet 
°C 

M Cooling 
water inlet 
kg/s 

Q condenser 
(MW) 

P Condenser 
(bara) 

T Condenser °C LMTD K 

30.00 39.33 12028 468.81 91.00 43.98 8.468 
31.00 40.326 12028 468.42 95.00 44.81 8.288 
32.00 41.321 12028 468.13 98.00 45.41 7.852 

 
4. Conclusions 
 

A CFD-based investigation of the effects of elevated seawater temperatures and fouling-driven 
cooling water flow reduction on condenser performance is conducted for a tropical combined-cycle 
power plant in Indonesia. The key findings include: 

 
i. Temperature Effect: A 2°C rise in CW inlet temperature reduces condenser heat transfer and 

raises pressure from 0.085 to 0.092 bara at maximum flow, lowering generator output by 
about 0.73 MW. 

ii. Flow Rate Reduction: Reducing the nominal CW flow from 100% to 80% affects performance 
significantly, with condenser vacuum rising to 0.098 bara and output dropping by more than 
1.3 MW. 

iii. Dynamic Performance Modelling: The CFD model effectively captures the thermohydraulic 
interactions within the condenser, dynamically adapting for temperature changes and 
fouling-induced flow losses. 

iv. Operational Implication: To achieve sustained performance, seawater temperature and 
fouling levels must be continuously monitored. The created model is a useful predictive tool 
for planning maintenance schedules, optimising operations, and reducing energy losses in 
tropical maritime environments. 

 
Future study could expand the model to include biological fouling impacts and long-term 

operational deterioration projections in order to improve plant reliability and economic 
sustainability. 
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