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Abstract. Indonesia has great potential for utilizing Ocean Thermal Energy
Conversion (OTEC) due to its strategic tropical conditions. This study
analyzes the sensitivity of main parameters on the net power output of a 10
MW OTEC system based on the Organic Rankine Cycle (ORC) using Aspen
Plus simulation. Variations on surface seawater temperature, deep seawater
temperature, turbine efficiency, working fluid pump efficiency, and
seawater pump efficiency were carried out. The simulation results show that
turbine efficiency is the dominant factor, where an increase from 92% to
96% raised the net power from 9332 kW to 9958 kW. Seawater pump
efficiency also gave a significant contribution by increasing the net power,
while the working fluid pump efficiency only produced small improvement
on the scale of tens of kilowatts. On the other hand, variations in warm and
cold seawater temperatures had a limited effect. This happens because other
parameters, such as mass flow rate of working fluid and seawater, were kept
constant in the simulation, so temperature increase alone was not enough to
influence system performance. These findings confirm that OTEC
optimization is more effective through improving the efficiency of main
components, especially the turbine and seawater pump.

1 Introduction

Indonesia holds significant potential for harnessing Ocean Thermal Energy Conversion
(OTEC) as a source of clean, renewable energy due to its strategic geographical position as
an equatorial country with vast ocean areas and thousands of islands [1]. OTEC produces
power by utilizing the temperature difference between surface warm seawater and deep cold
seawater, making it highly suitable for application in Indonesia [2]. Oceanic islands around
the Banda Sea basin show promising prospects for OTEC development, which could
contribute significantly to regional energy security. The geography of Ambon Bay also
strongly supports the implementation of OTEC technology [3]. To generate power, OTEC
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employs the Organic Rankine Cycle (ORC) with low-boiling-point working fluids, which
reduces internal power consumption and improves exergy efficiency, thereby enhancing the
overall performance of the system [4][5].

The Rankine Cycle is a general principle of power generation that involves the evaporation
of a working fluid in the evaporator, expansion in the expander to convert heat into work,
followed by condensation and pumping to close the cycle.

Several sensitivity studies on OTEC have been carried out. Chen et al. [6] examined the
effect of warm and cold sea water temperature pumping depth on thermodynamic and
economic performance. Rasgianti et al. [7] studied the type of working fluid, heat exchanger
performance, and installation location in North Bali. Tobal-Cupul et al. [8] analyzed a small-
scale OTEC prototype in Mexico with parameters including temperature difference, thermal
efficiency, mass flow rate, and power output.

However, these studies have not specifically highlighted the role of main component
efficiencies on net power output. This research aims to address that gap by analyzing the
effect of inlet temperature variations and the efficiency of Turbines, seawater pumps, and
working fluid pumps on net power output through Aspen Plus simulations of a 10 MW OTEC
system. The findings are expected to serve as a basis for design optimization, emphasizing
the importance of main component efficiencies in improving OTEC performance and
sustainability.

2 Methodology

2.1 Research Flowchart

The study began with a literature review to understand OTEC technology and the factors
affecting its efficiency, followed by validation of a 10 MW OTEC system model using Aspen
Plus based on previous studies. Once validated, the model was optimized to meet the target
net power output. Afterwards, a sensitivity analysis was conducted to identify the most
influential parameters. The varied parameters included surface seawater temperature, deep
seawater temperature, working fluid pump efficiency, turbine efficiency, and seawater pump
efficiency. Simulation results from Aspen Plus were then statistically analyzed to determine
the dominant factors affecting net power output. The overall research flow is illustrated in
Fig. 1.

Validation with Adjust the target net power Case configuration for
previous study output on Aspen Plus sensitivity analysis

Literature Review —— Result analysis

Fig. 1. Research Flowchart.

2.2 Research Validation

The validation of this study refers to the work of Rasgianti et al. [9], who developed an OTEC
simulation model using Aspen Plus software with a target net power output of 10 MW. The
simulation showed that the turbine produced more than 15 MW, causing the net power output
to exceed the planned capacity. Therefore, in this study, input parameters were adjusted so
that the system output would not exceed the capacity of the turbine used, which is 15 MW.
The initial optimization results of the cycle with the adjusted net power output are presented
in Fig. 2 with the details of the parameters presented in Table 1. The details of the adjusted
parameters listed in Table 2.
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Table 1. Parameter input for validation [9]

Parameters Value Parameters Value
Warm seawater temperature 26 °C Area of evaporator 41500 m?
Cold seawater temperature 4.5°C Area of condenser 42500 m?
Turbine efficiency 94 % Mass flow rate working fluid 580 kg/s
Seawater pump efficiency 72 % Mass flow rate warm sea water | 50000 kg/s
Turbine efficiency 75 % Mass flow rate cold sea water 28450 kg/s
. . . Evaporator minimum approach
Working fluid pump efficiency 72 % " 1.2°C
emperature
Thermal conductivity Condenser minimum approach
4.693 W/m?2.X 1°C
heat exchanger temperature

Table 2. Adjustment of input parameters for the maximum gross power of the Turbine 15 MW

Parameters Value
Warm seawater temperature 27 °C
Cold seawater t temperature 8°C
Turbine efficiency 90 %
Seawater pump efficiency 90 %
Working fluid pump efficiency 90 %
Mass flow rate working fluid 415 kg/s
Mass flow rate cold seawater 40000 kg/s
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g
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Fig. 2. Simulation of net power output target adjustment.

2.3 Case Configuration

The case configuration in this study focuses on varying parameters such as cold seawater
temperature, warm seawater temperature, working fluid pump efficiency, turbine efficiency,
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and seawater pump efficiency. The initial values of each parameter were taken from
efficiency data commonly used in previous studies, then a margin of + 5% was applied to
obtain the variation range. The warm seawater temperature was set based on surface seawater
conditions during summer, ranging between 27-29 °C, while the cold seawater temperature
was determined by the length or depth of the Cold Water Pipe. In this study, cold seawater
temperature data were obtained from the HY COM database for the Ambon waters, showing
arange of 68 °C at depths of 500—-800 meters. Meanwhile, the efficiency values of turbine,
working fluid pump, and seawater pump were directly influenced by the technical
specifications of the equipment used. The complete case configuration parameters are
presented in Table 3, with variations derived from literature studies, including a turbine
efficiency of 90% as reported by Romero et al. [10] All parameters were varied in a
crosscombination manner, resulting in a total of 243 simulation cases, with the main output
being the net power output of the OTEC cycle. The objective of this case study is to identify
the most influential parameter and analyze the trends of parameter variations under three
conditions: high (maximum values), medium (intermediate values), and low (minimum
values), which are then compared with the resulting net power output.

Table 3. Main parameters case configuration.

Warm water Cold water Turbine Working fluid Sea water pump Symbol
temperature temperature efficiency pump efficiency efficiency
29 °C 8 °C 90 % 90 % 90 % High
28 °C 7°C 85 % 85 % 85 % Med
27 °C 6 °C 80 % 80 % 80 % Low

3 Result and Discussion

Through a sensitivity analysis involving 243 case configurations, the study determined the
parameters that have the strongest impact on net power output. The simulation data were then
processed using regression analysis, and the obtained regression coefficients are shown in
Fig. 3. The result indicates that turbine efficiency has the highest regression coefficient, at
16660.76, followed by seawater pump efficiency at 6057.42, and working fluid pump
efficiency at 230.76. Meanwhile, warm and cold seawater inlet temperatures have the lowest
regression coefficients. These coefficients represent the level of influence of each parameter
on the net power output based on the sensitivity analysis.
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Fig. 3. Comparison of regression coefficients.
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In this study, turbine efficiency was identified as the most influential parameter affecting the
net power output of the OTEC system. Conceptually, this result contrasts with the
conventional understanding of OTEC performance, in which the temperature differential
between warm and cold seawater is typically regarded as the primary determinant of power
generation, as a larger temperature difference is expected to yield higher net power output
under optimal operating conditions [11]. The divergence observed in this work arises from
the methodological approach adopted, wherein parameters such as mass flow rate and other
related variables were held constant. Consequently, although variations in warm and cold
seawater inlet temperatures were introduced, their impact on net power output remained
limited, primarily influencing the pumping power requirements rather than the turbine output.
This controlled approach was intentionally employed to enable a more rigorous and direct
comparison of the relative influence of each parameter examined in the sensitivity analysis.
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Fig. 4(a) shows the effect of warm seawater temperature variation on net power output.
The simulation results indicate that the difference in net power output for each temperature
variation is relatively small. There is a tendency that a decrease in warm seawater temperature
contributes to an increase in net power output. This occurs because the lower the warm
seawater temperature, the smaller the power demand of the cold seawater pump, which
reduces parasitic power from the warm seawater pump, thus increasing the net power output.
By keeping the mass flow rate of warm seawater and working fluid constant, temperature
variation does not significantly affect net power output but mainly influences pump power
demand.

A similar trend is observed for cold seawater temperatures as shown in Fig. 4(b), where
decreasing the temperature from 8 °C to 6 °C increases net power output. This increase is not
purely due to a larger AT, but rather because of the reduced power demand of the cold
seawater pump, which raises net power. This shows that single-parameter temperature
variation is not always consistent with classical AT theory; therefore, OTEC optimization
requires a multi-parameter approach that considers mass balance and system losses.

Fig. 4(c) shows that turbine efficiency has a dominant influence on net power output.
Under high conditions, an increase in efficiency from 80% to 90% raised the output from
8286 kW to 9952 kW. This corresponds to an increase of about 20.1% net power output. This
improvement occurs because energy losses in the mechanical—electrical conversion are
reduced, allowing a larger proportion of energy to be effectively utilized. A higher generator
efficiency allows a greater proportion of the mechanical power produced by the turbine to be
converted into electricity with minimal losses, thereby directly increasing the net output.

The effect of working fluid pump efficiency is shown in Fig. 5(d). Although positive trend
is observed, its influence is relatively small. Under low conditions, increasing efficiency from
80% to 90% only increased power from 7667 kW to 7690 kW (0.3% increase). This indicates
that while higher working fluid pump efficiency reduces power demand, its impact on system
output remains limited compared to the Turbine. On the other hand, seawater pump efficiency
makes a significant contribution, as shown in Fig. 5(e). Under high conditions, raising
efficiency from 80% to 90% increased power from 9345 kW to 9952 kW. This equals an
increase of approximately 6.5%. Similar trends were also observed under mid and low
conditions. This confirms that seawater pump efficiency strongly affects the system because
seawater pumps consume a large fraction of the parasitic load. Improving their efficiency
significantly reduces pumping power requirements, which translates into a considerable gain
in net power output compared to other auxiliary components.

4 Conclusion

According to the results of the sensitivity analysis simulation on OTEC system efficiency,
turbine efficiency was found to be the most dominant factor in determining the net power
output of the Organic Rankine Cycle (ORC)-based OTEC. Increasing efficiency from 80%
to 90% raised the net output from 8286 kW to 9952 kW (increase 20.1%), while seawater
pump efficiency also showed a significant effect, with an increase from 9345 kW to 9952 kW
within the 80—90% range. In contrast, the influence of the working fluid pump efficiency was
relatively small, within the same efficiency range. Variations in warm and cold seawater
temperatures had a limited impact because other parameters were kept constant. Therefore,
improving the efficiency of main components, particularly the Turbine and seawater pump,
proved to be more effective than relying solely on seawater temperature variations to
optimize OTEC performance under conditions where other input parameters are considered
constant.
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